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U, S, NUCLEAR REGULATORY COMMISSION
REGION 1

REPORT NUMBER: 50-245/92-32 (OL)
DOCKET NUMBER: 50-245
LICENSE NUMBER: DPR-21
LICENSEE: Northeast Nuclear Energy Company
P.O Box 270
Hartford, CT 06141-0270
FACILITY: Millstone Unit 1 Nuclear Power Station
INSPECTION DATES:  December 14 - 17, 1992
ACCOMPANIED BY: 1. H. Williams, Sr. Operations Engineer

J. S. Stewart. Operations Engineer
M. Parrish, EG&G

o Dol ol
Lean seecTor A /ely) AN 1230

Donald Florek,/§r. Operations Engineer  Date
BWR Section, rations Branch
Division of Reactor Safety

APPROVED BY: &M_’\_/ﬂ&hi__ /+/ 29 /? -
Richard J. Conte, Chief Date
BWR Section, Operations Branch
Division of Reactor Safety

INSPECTION SUMMARY: Examination/Inspection conducted December 14 - 17, 1992

AREAS INSPECTED: Routine announced examination/inspection to administer retake
requalification examinations to two operators and three senior operators. The inspection
reviewed facility licensee actions on previous inspection findings related to emergency
operating procedures, independent audits of operator training programs and status of selective
corrective actions from December 3, 1992, meeting 10 correct performance problems
identified during the requalification examination period.



e e B B . o — _—__.,.-.ﬁ

2

RESULTS: Two operators and two sentor operators passed the examination, One senior

operator failed in use of the emergency plan as part of the simulator evaluation. Unresolved

item (URI 245/89-19-01) regarding emergency operating procedures was closed. A new

unfesolveo item (URI 245/92-32-01) was opened for issuance of flowchart based emergency |
operating procedures. The performance of the operator t-aining audits required by ANSI |
N18.7 and Technical Specification 6.5.3.7(b) is unresolved (URI 245/92-32.02). The facility i
licensee iz proceeding on with the specific commitments made at the December 3, 1992, i
mee. ing. The effectivencss of the licensee actions can only be assessed based on future |
obs _ vations after more data is obtamned.
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DETAILS
1.0 INTRODUCTION

Examination report 56-245/92-23 (OL) documented the unsatisfactory Millstone Unit |
requalification program evaluation. Following the unsatisfactory program evaluation, a
Confirmatory Action Letter (CAL) 1-92-014 was issued that restricted those licensed
operators who failed either the NRC or facility requalification examination until either the
facility requalification program was determined to be at least provisionally satisfactory or
until the licensed operators have been evaluated as successful by the NRC. During the week
of December 14, 1992, the NRC staff administered requalification retake examinations to 4
licensed operators (2 ROs and 2 SROs) who had failed NRC administered requalification
examinations and one SRO who failed a facility requalification examination, One RO and
two SROs were administered a simulator examination, one RO was administered a JPM
examination and one SRO was administered JPMs to evaluate his ability to classify an event.
The JPM methodology was used in lieu of classification in a dynamic simulator environment.
The examiners used the process and criteria described in NUREG-1021, "Operator Licensing
Examiner Standards," Revision 6, A listing of the items used in the examination is contained
in Attachment 1.

2.0 SUMMARY OF EXAMINATION
2.1 Individual Examination Results

NRC GRADING

RO SRO TOTAL
Pass/Fail Pass/Fail Pass/Fail

Simulator

Walk-
through

Overall

P —
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2.2 Strengths and Weaknesses Based on Individual Operator Performance

No gereric weakness was noted. The examiners noted that the teamwork of the crew
examined in the scenario has significantly improved from prior examinations,

2.3 Simulator Remedial Training Program

The facility licensee had initially planned on the NRC reexamining two reactor operators on
the simulator who had failed the prior NRC administered requalification. Millstone Unit |
aperates with three reactor operators in the RO, BOP and RPO position so an operator who
had previously passed an NRC examination would also be used. The two scenarios
developed for the examination resulted in critical tasks for the RO and BOP position but no
critical tasks for the RPO position. The NRC planned to rotate the two reactor aperators
into the RO and BOP position and use the third operator in the RPO position that nad no
critical tasks to perform.

After the facility licensee had observed the validation of the two simulator scenarios, they
requested that one of the reactor operators not rotate into the BOP position, The basis (or
the facility request was that the RO had not practiced in the BOP position during the
remediation training program since no weakness was identified for the individual while in the
BOP position. The facility licensee indicated that while they had confidence that the
individual could performi in the BOP position they did not want to subject the individual and
crew to an examination situation that they were not prepared for. The other reactor operator
being examined operated in all panel positions during the remediation program. The facility
licensee requested an additional day of training and evaluation for the crew in the proposed
configuration, The NRC examiner indicated that additional training was inappropriate, On
the morning of the examination, the facility licensee elected to substitute another licensed
operator from the training staff who worked with the crew during the remediation period to
complete the crew. The facility licensee requested that two short §-10 minute warmup
scenarios with the additional substitute operator. The NRC examiner was present at the
warmup scenarios and determined that no compromise of the examination occurred.

2.4 Emergency Plan Classification JPM Results

The SRO who was administered JPMs to evaluate his ability to classify an event did not pass
the retake examination. The JPM methodology was used in lieu of classification in a
dynamic simulator environment. Two JPM scenarios were used, One was selected from the
bank and the other was modified from the bank.

Foliowing the examination results, the examiner reviewed the activities of the remediation
period. The SRO had asked for and was provided a copy of the JPM scenarios in the bank
(12 scenarios) for emergency classification, Since the facility licensee uses the bank for
quarterly take-home-then-send-back-results testing of SROs, which was cngaing, the facility
licensee did not provide the answers to the SRO. The examiner reviewed a copv of the




LICENSEE ACTIONS ON PREVIOUS INSPECTION FINDINGS

DITS OF OPERATOR TRAINING PROGRAMS
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This inspection is incomplete because of the operator requalification retake examination
eiforts. Therefore, more informat:on and discussion with the licensee is needed to resolve
the issue of auditing training prograns of the unit staff. The performance of the operator
training audits required by ANSI N18,7 and Technical Specification 6.5.3.7(b) is unresolved
(URI 245/92-32-02).

50  MANAGEMENT MEETING ON DECEMBER 3, 1992, AND INSPECTION
FOLLOW-LUP

On December 3, 1992, a management meeting was held at the Region 1 offices to allow the
facility licensee to present the facility analysis of why the 1991 remediation effort failed to
prevent the 1992 weaknesses and the corrective actions that the facility licensee will take.
Attachment 3 contains a listing of the individuals in attendance at the meeting. The facility
licensee handouts provided at the meeting are contained in Attachment 4. The facility
formally submitted the short and long term corrective actions and the status of previously
committed long terin corrective actions in a letter dater December 7, 1992,

During the site visit from December 13 - 17, 1992, the inspector also reviewed and discussed
with facility licensee personnel some of the corrective actions identified at the

December 3, 1992, meeting. The inspector reviewed the facility licensee activities in
criterion referenced testing, advanced training classroom, quantifying simulator performance,
use of Vermont Yankee simulator, use of split page format for instructional materials,
spacing effect, interleaving, instructor crew accountability and visualization. The
effectiveness of most of the items cannot be assessed until they have been used more and
additional information is obtained.

Criterion referenced testing was used to identify generic weakness by testing 25% of the
licensed operators using an extensive series of tests. When 30% or more cf the operators
examined answered incorrectly, a generic weakness was identified. Electrical,
instrumentation logic, recirculation system, isolation condenser and control rod drive were
the major generic system weaknesses identified. Purportedly, criterion referenced testing
effectively eliminates guessing and encourages operators, in a nonthreatening manner, to
admit or demonstrate a knowledge weakness. The facility licensee is also planning to apply
the methodology to pre-test areas for future lessons to adjust the training for the specific
knowledge weaknesses of operators to be trained. The examiner concluded that criterion
referenced testing appeared to be a good tool to provide feedback to the trainers for the areas
that operators need remediation training.

The facility licensee has set up two classrooms using a computer based individual student
feedback system on the material to be covered. The lesson plans have preestablished
questions in the Jesson to ask the students, as they are being trained, to get prompt feedbach
on whether the concept is understood by all students. Individual, as well as group, data is
obtained. The instructor can easily identify if the students as a group or individually are
having difficulty understanding the lesson being taught. Because entire class feedback is
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ATTACHMENT 2
PERSONS CONTACTED

NORTHEAST UTILITIES

*H. Haynes, Director Unit 1

*R. Heidecker, Supervisor Operator Training Unit |
F. Libby, Quality Services Department

*P. Przekop, Operations Manager

*M. Ross, Operations Assistant

*B. Ruth, Manager Operator Training

A. Saunders, Quality Services Department

NUCLEAR REGULATORY COMMISSION
*D. Florek, Sr. Operations Engineer

*K. Kolaczyk, Resident Inspector

*R. Laufer, Examiner NRR/OLB

*H. Williams, Sr. Operations Engineer

*Denotes those present at the exit meeting on December 17, 1992
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ATTACHMENT 3

PERSONS IN ATTENDANCE AT DECEMBER 3, 1992, MEETING

NORTHEAST UTILITIES

M. Black, Director Nuclear Training

M. Brown, Project Manager Operator Training Unit |

H. Hayr  Director Unit 1

R. Heidecker, Supervisor Operator Training Unit |

P. Przekop, Operations Manager

W. Romberg, Vice President Nuclear Operations Services
M. Ross, Operations Assistunt

M. Wilson, Supervisor Nuclear Licensing

NUCLEAR REGULATORY COMMISSION

J. Anderson, Project Manager, NRR

L. Bettenhausen, Chief Operations Branch

P. Bissett, Sr. Operations Engineer

L. Briggs, Sr. Operations Engineer

R. Conte, Chief BWR Section

L. Doerflein, Chief Reactor Project Section 4A
D. Florek, Sr. Operations Engineer

W. Hodges, Director Division of Reactor Safety
T. Martin, Regional Administrator

1. Munro, Sr. Operations Engineer, NRR

R. Pelton, Training Specialist, NRR

C. Sisco, Operations Engineer

J. Stewart. Operations Engineer

H. Williams, Sr. Operations Engineer



ATTACHMENT 4

FACILITY HANDOUTS AT THE DECEMBER 3, 1992, MEETING
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Unit 1 Nuclear Power
Station

Northeast Nuclear Energy Company |
Millstone Unit No. 1

Licensed Operator Requalification Program
Presentation

December 3rd 1992
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Briefing Outline

Malcolm Black

Director Nuclear Training
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The
Projeci Team
Introduction
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Malcoim Black - Director
Nuclear Training

Harry Haynes - Director
Millstone Unit 1
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Robert Heidecker

Project Position: Supervisor, Uperator Training

Recent Assignment: Supervisor, Operator Training, Haddam Neck
past 5 years

Experience: o 4 yrs consultant at Haddam Neck Training
o 6 yrs training/supervisory experience at Westinghouse
© 12 yrs Navy Nuclear experience

Educational Experience/Licenses: BS Degree - Nuclear Engineer, Penn State
SRO License - Beaver Valley Unit 1
SRO Certified {NRC) - Haddam Neck

Professional Associations: Representative, BWR/PWR owners group -
simulator complexity/critical tasks

8
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osition Human Performance

t Assignment: Consultant to Washing
Commonwealth

employee as o

Experience

o Commonwealth Edison & Washington Public Power Human Performance
consultant focusing on leadership, teamwork, decision making, ana

. :

communciation skills - 1989 - present

Human Reso e consultant to industry other 1 uclear-related
years.

Facuit

topics)

BA and MA
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Peter Przekop
Project Position: Operations Manager

Recent Assignment. |&C Manager, Millstone Unit 1 - 7 years

Experience: o SRO licensed MP-1 - 18 years
o Unit 1 Duty Officer
0 New Haven College 1970 BS Physics
O Florida State University Physics
0 Staff Assistant-Millstone Unit 1 Superintendent - 3 years
O Staff Assistant-Milistone Station Superintendent - 2 years
0 Engineering Supervisor, Millstone Unit 1 - 2 years
o Engineer, Millstone Unit 1 - 3 years
0 Maintenance Engineer, Millstone Unit 1 - 3 years
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Unit 1 Nuclear Power
Station

Mike Ross

Project Position:

Operations Department Liaison

Recent Assignment. Operations Assistant past 4

Experience;

o
O
o
O
O

SRO Licensed

Millstone Unit 1 Duty Officer
University of Connecticut BME
Operations Shift Engineer-2 years

Unit 1 Engineering (Qualified Reactor Engineer) 5 years !,

11

years
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CURRENT STATUS
OF
MILLSTONE UNITS 2,3 AND HADDAM NECK

REQUALIFICATION TRAINING PROGRAMS

12




y -

| millstone

’}’p ’

MILLSTONE UNITS 2,3 AND HADDAM NECK
REQUALIFICATICN PROGRAM ASSESSMENTS

0 NRC REQUALIFICATION EXAMINATIONS
-49 OF 50 PASSED (1991 TO PRESENT)

o NRC REQUALIFICATION TRAINING INSPECTION
-MEET 10CRF55 REQUIREMENTS

o NU ASSESSMENTS USING NUREG - 1220 CRITERIA
-QUALITY ASSESSED AS SATISFACTORY

O NU BIENNIAL ACCREDIATION SELF ASCESSMENT
_PROGRAMS MEET ACCREDITATION OBJECTIVES

13
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CURRENT STATUS

0 MILLSTONE UNITS 2,3 AND HADDAM NECK
REQUALIFICATION PROGRAMS ARE SATISFACTORY

o SOME ACTIONS ARE NECESSARY

14
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Unit 1 Nuclear Power
Station

IN PROGRESS

0 PERFORMANCE ENHANCEMENT PROGRAM

- INCREASE AND RETAIN QUALIFIED STAFF

- STAFF AUGMENTED WITH CONTRACT INSTRUCTORS

- TRAINING MATERIAL IMPROVEMENTS

- STAFFING CONTINGENCY FOR UNPLANNED ATTRITION
SITUATIONS

O TRAINING MANAGEMENT SYSTEM UPGRADE

0 OPERATOR TRAINING BRANCH ADMINISTRATIVE
PROCEDURE IMPROVEMENTS

PLANNED

O EVALUATE AND IMPLEMENT A MORE RIGOROUS
SELF ASSESSMENT PROCESS
15
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WHY THE 1991 REQUALIFICATION PROGRAM

AND CORRECTIVE ACTIONS

FAILED TO PREVENT 1992 WEAKNESSES
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Unit 1 Nuclear Power
Station

1992 REQUALIFICATION OPERATOR PERFORMANCE SUMMARY T~

1991 ASSESSMENTS 1932 ACTIONS RESULTS
STRENGTHS ADVANCED SCENARIOS

INCORPORATED

WRITTEN EXAMINATION WRITTEN EXAMINATION

PERFORMANCE OPERATIONS AND STAFF | PERFORMANCE DECLINED
CREWS TRAINED TO NEW

JPM PERFORMANCE COMMAND AND CONTROL | JPM PERFORMANCE DECLINED
STANDARDS
EOP IMPLEMENTATION AND

WEAKNESSES MONITORING OF KEY

PARAMETERS STRESSED

SRO COMMAND, CONTROL, CREW COMMAND, CONTROL

AND COMMUNICATIONS LICENSE HOLDERS FAILING | AND COMMUNICATIONS
1991 EXAM REMEDIATED AND | IMPROVED

CREW TEAMWORK RE-EXAMINED

EOP IMPLEMENTATION ADDITIONAL TEAMWORK | SPECIFIC EOP WEAKNESSES
TRAWING CORRECTED

CREW MONITORING OF Key | FREQUENCY OF CREW |OVERALL CREW ATTENTION TO
PARAMETERS EVALUATIONS INCREASED ' SuTICAL PARAMETERS AND
SAFETY SYSTFM ACTUATIONS
SIMULATOR CHANGES | IMPROVED

IMPLEMENTED

17

e e e




y |

millstone

Unit 1 Nuclear Power
Siation

1992 REQUALIFICATION TRAINING PROCESS SUMMARY

1991 ASSESSMENTS

1992 ACTIONS

‘ RESULTS

WEAKNESSES
EVALUATOR OBJECTIVITY

EXAMINATION MATERIALS

SIMULATOR EVALUATION
TOOLS REVISED TO REFLECT
NEW STANDARDS

EVALUZATION TEAM OBSERVED
AND FEEDBACK PROVIDED

ADVANCED SCENARIOS
INCLUDED IN EXAMINATION
BANK

JPM MEASUREMENT
STANDARDS REVISED

JPM QGUESTIONS NOT
ADDRESSED

OPEN REFERENCE QUESTIONS
REVISED

EVALUATORS OBJECTIVE

JPM MEASUREMENT
STANDARDS ACCEPTABLE

JPM QUESTIONS REQUIRED
REVISION FOR EXAMINATION

REVISED OPEN REFERENCE
QUESTIONS NOT WRITTEN TO
HIGHER COGNITIVE LEVELS

JPM PROCESS PROBLEMS
WERE IDENTIFIED
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Unit 1 Nuclear Power

CAUSES FOR 1992 WEAKNESSES

NU SELF ASSESSMENT FOCUSED ON OBSERVED
WEAKNESSES

LOWER COGNITIVE LEVEL OF EXAMINATION BANK ITEMS FAILED TO
EXPOSE EXISTING OPERATOR KNOWLEDGE DEFICIENCIES

1992 REQUALIFICATION TRAINING CENTERED ON THE SIMULATOR
EMPHASIZING "CREW SKILLS" AND "EOP IMPLEMENTATION SKILLS"

JPM TRAINING WAS NOT FORMALLY SCHEDULED INTO THE
REQUALIFICATION TRAINING PROGRAM

EXTENDED PERIODS WITH REDUCED NUMBERS OF TRAINING STAFF

AND LOW EXPERIENCE LEVELS CONTRIBUTED TO PROGRAM
DEGRADATION

19
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ANNUAL EXAMINATION RESULTS

Simulator Examinations

0 86% pass rate
c One crew failure

o Three operators failed due to E-plan
classification (2 CO's & 1 SCO)

o Overall crew performance improved

20
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Station

EXAMINATION RESULTS

JPM Examinations

0 97.6% pass rate
o 19 of 430 JPMs were failed
0 4 JPMs were missed twice

o0 One individual failed (1 RO)

21
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EXAMINATION RESULTS

Examinations

o 7 individuals failed (4 ROs, 1 SS, 2 Staff SRO)

o Marginal performance compared to other
units/industry

65% of sct were greater than 85%
(avera > = 86.8)
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SELF ASSESSMENT PROCESS

o ROOT CAUSE ANALYSIS
o EXAM ASSESSMENTS

o CONFIDENCE WEIGHTED TEST

23
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o Simulator training focused primarily at SRO level

' Limited focus on EOPs versus tasks and system knowledge

o E-plan classifications not reinforced at crew level

o Exercise guides did not contain instructional activities/strategies

o Exercise guides did not contain same standards used during

evaluations

o Simulator time was focused on the EVALUATION mode versus

TRAINING mode
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Self Assessment Analysis

JPM Weaknesses

o JPMs not formally scheduled into training
program

y Individuals failed to maintain their own proficiency
s Time critical JPMs were not trained on

veral JPM failures attributed to lack of self

Se
checking

y Operators improperly processed initiating cues or
initial conditions
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Self Assessment Analysis

Written Weaknesses

o0 Exam bank did not adequately assess
higher cognitive knowledge levels

0 40% of exam items tested objectives that
were outside the two year sample plan

o Operators had difficulty processing
information due to systems/procedure
knowledge deficiencies

26
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Station

Programmatic Weaknesses

0 Selected systems knowledge
o Selected EOP/ONPs

0 E-plan classification for non
SS/SCO watchstander

27
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Self Assessment Analysis

Process Weaknesses

o JTA and associated training materials being
updated

o Program not designed with proper emphasis in
all environments

28
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Project Goal

To elevate the Millstone Unit 1
Operator Training programs
from their current level of
marginal acceptability to that
of an industry leader

29
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Strategies to Strengthen:

o The Training Process

o The Individual Knowledge Base
o Performance Skills

o Teamwork

o JPM Implementation

o Program Evaluation
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~lear Power

Station

The Training Process

o Reconstructing the Job Analysis
for ali MP-1 Operator positions

o Reconfiguring the objectives at
the appropriate cognitive levels

o Upgrading all MP-1 Lesson Plans
that have programmatic
deficiencies
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The Training Process

o Upgrading the exam bank to the appropriate cognitive level
and congruent with the revised objectives, using the NRC

reviewed model

O Reformatting all student text in a scholar text format to
enhance learning

o Upgrading student and teaching text graphics to enhance
the visual learning element
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Unit 1 Nuclear Power
Station

¢ Capitalize on advanced learning research
conducted at NU

-Advanced Training Classroom

-Accelerated Learning

-Examinations as a Preservative of Knowledge

-Harvard (Medical School) study groups "Pathways to the Future”
-Interleafing

-Spacing Effect

-Introduction of flow charts, job aids, and mental cueing to enhance student
retention

-Upgrade of the visual component of the student text and classroom

presentation materials

33
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The Individual Knowledge Base

o Dr. Robert Bjork will consult monthly on
the effectiveness of the learning
strategies empioyed

o Expanded use of interactive video
instruction

o Introduction of designer software to teach
circuit logics
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Performance Skills

o Enhance Simulator Exercises

-Greater use of freeze and video
critquing techniques

-Improved facilitation by the
Operations Management

-Implementation of Rev. 7 (a crew
success concept)

-New EOP flow charts
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Performance Skills

o Implement the use of mental
imagery

o Develop a model to measure
individual and crew performance and
improvements cver time

o Improve OJT guides

o New barrier failure table training aid

o Expanded use of Technical Training labs
and instructors

o The use of non plant-specific simulators to
evaluate crew analytical skills

36
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Teamwork

o Additional teamskills fraining,
both individual and crew

0 Increased emphasis on crew
evaiuations on the simulator

o Addition of a Human Performance
Specialist to the staff
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JPM Implementation

0 Upgrade of JPM's

0 Joint unit evaluations of
Individuals performing JPM's

0 Improved method of
implementing JPM's (from a
process perspective)

38
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o Introduction of confidence weighted
testing

o The use of a curriculum
development coordinator to monitor the
quality of curriculum improvements

0 Preparation of an INPO self
evaluation report

0 Programs will undergo reaccreditation-first
quarter 1994

o NRC initial and requal examinations-1993

o Evaluation team of various Region 1 utilities

0 Reqguested INPO Assist Visit - 1993

39
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Improvements to Date e

0 Upgrade of the NLO text

0 Advance training classroom

0 New model to set proper cognitive
level

o0 New barrier failure table training aid

o Technical Trainers and labs into the
operator programs

o Confidence weighted testing

o Revised JTA and objectives (in
progress)

40
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Improvements to Date

O Improved visuals (in progress)

o Curriculum development coordinator

O Accelerated learning techniques ’

0 Programmatic review of JPMs and OJT guides

0 Diagnostic evaluations performed on the incividuals who '
failed this past year |

O Actively pursuing job offers to fili vacant positions

R——

41 |
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Partnership

o Training initiatives and improvements are only part of the
equation

0 Success requires Operations Department input, proactive
support, and commitment

42
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Expectations

o Training programs must reflect Operation philosophy

o Standards of operations will be consistent in the Unit and |
Training environments |

a3 |
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millstone  Strategic Recovery Plan

Short Term

o Project team put in place

o0 Remediation plans

o Train on 4 common JPMs

o Enhance system knowledge on generic
weaknesses (first cycle 93)

o Use of advanced classroom training
(first cycle, 1993)

45
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Strategic Recovery Plan
Short Term

o Reinforced in plant knowledge with JPM
training (first cycie 93)

o Use of confidence weighted testing results 10
design future cycles

o Train all operators on SOER 92-1 - Self
checking (first cycle 93)
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et Strategic Recovery Plan

Long Term

o Project team to remain in place through the
recovery effort

0 Exam materials upgraded in accordance with
NUREG 1021 requirements

o Training schedule will incorporate systems training
based on revised Job Analysis information

o JPMs will be structured in program over two vear
cycle based on revised Job Analysis infcrmation

47
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Strategic Recovery Plan
Long Term

o Simulator exercise guides will include additional
instructional strategies and standards

o Periodic independent review of LORT program

0 Assess all operators in third quarter of 1993 to determine
effectiveness of pilot effort

o EOP flow charts trained on prior to July 1, 1993

48




Exams and Use as Preservatives

of Course-Acquired Knowledge

ABSTRACT

Henoon of meteral Mamed e tollageaiyw (achnical courmms wii memaured by & repeatod MNinal ox wmingtion PYUn One yeut later
Metched groups of sindents sso repested the Ninal examinethon six wesks or six months after the end of (the courses. The sir -month
Frovp howed Aimost 80 loms over (he year, The son-week group siffered about the swme considersbie bom a8 did 8 control Froup watl
RO InTevening exam s bon, Uvestionnaire messurss indicsted that students who wed over 10 percant of the examined matenial in their
rrerage mon thly work slso iovrgot very Litte, Apperently , courme aog wired Enowisdge con be hept resh over long persods by small

smouats of properly meced review s tivi tes

THLRE 1S WIDESPREAD concern that knowledge and
hrough colegeatyie courses are 100 olter
Al Delore they can effecuvely be put to use by the student
Thus is a report of an investigation of the use and retention
[ knowledge (rom some advanced technical courses over
2 peniod of one year, with particular atiention 1o the possi
Die 108§ reventing functon of relaking examinstions alter
8 COUME s over
he initial motive for the investigation was 10 see whe
e 8 umple, easy-louse technigue could be e veloped
(hat wouid help students 10 retain more of their new knowl
edge over long periods. A substantial body of ltersture ir
tducaionsl and learning psychology demonsirsies that
tesly, recitation, and sctive practice in general, are efTective
tducing the rate of decay of knowledge and skill (e g,
4,.6,7, 8) However, the effects of tests on reten
on over periods of practical significance ~months and
years rather than days or weeks—do not seem 10 have been
tudied. Likewine, tests or other review sctivities at delayy
of months have not been studied. College-type courses are
often aimed st spplications at least & year sfer their com-
pletion. The purpose of this study was to attack directly
such very long-term retention and methods of improving
tunder pracUcal constraints, The proposed technique (o
Proviging acuve practios, and at the seme time measuring
the retention of courseengendered knowledge over long
periods, was st follows. Students 100k the ususl end of
ourse examination. Then, at & later time, they were given
an opportunity 1o ke the identical sxaminstion sgain, &
t “refresher”
in order (o messure the long-term efTectiveness of ihe
lechrique, all students were asked (0 take 2 .ermingl exam
ination-aguin identical—a year alter the course was over
in addition, a questionnsire was administered 1o estimate
how much each student used material from his course
The courses siudied were part of the Bell Laberatories
Hours Continuing Education program. This is a large
scale progmm ofTering post graduate courses in & variely
cids Of scaence, mathematics and engineering. The
Coures sre Laught in standard collegestyle formats in ¢

S aCQuired

wosemester schedule, Classes meet about two hours per
week 101 10 weeks duning ordinary work hours, and stu
dents are given homework assignments intended 1o re
quire aboul four hours per week. Instructors sre Ph.D
#vel research scientists and engineers. The courses have
final exama, and while there is no formal grading, successiul
completion of & course i3 recorded in the employee's per.
maner.l record. The students arg all technical employees of
Bell Laboratories. There is a wide range of educational a.d
employment history and ages among the students. Almost
all students have at least bachelors degrees, and many hold
masters degrees or doctarates

Prior to the spring semester of 1971, instructorns were re
crulted for participstion in the study. Five instructons vol
unieered 10 do the considerable extra administration and
examination scoring required. Students in their courses
were asked 10 participate on a voiuntary basis. Participa
Uon required that students take, in addition 1o the ordinary
end-ofcourse examination, another examination a year
later and, In most caves, still another exam sometime be
tween. The students were informed a2 (o the nature of the
experiment. However, they did ~ot know whether they
would be sked 10 take the interim exam, or wheiher they
wouki be in the control group that faced only an exam »
year later, They did not know when interim exims would
be given. Approximately one-third of the students in these
five courses volunteered to participate, and retumed in »
imely fashuon all of the examinations which they were
ssked 1o take. The main data from the experiment upon
which results are 10 be reported were obtained from $5
studenis

The design of this study aliows the following questions
10 be explored. First, how do the knowledge and skills a
quired b such courses last over the succeeding year? Sec
ond, how much use it made of the information gained
from such & courm over the next yesr? Third, is 'he ma
terind better retained if It is used, a8 is commonly sssumeq
and Il 90, to what sxtent? Fourth, if students take sddi
Uona exams afier the end of the course, does this aid re
ention? I s0, does It matter when the exama are taken?
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Table | ~Number of studentr samgned (10l) and who returned complete (good) dets.

e N

6 Weeks Growp 6 Monthy Geoup Conwol Group Tow!

N Good (ood Good Good

Course Students  Tots! Deta Towl Daca Total Duts Dets
R;vanm Proce sses - i 0 ! | | ] 2
Fhysical Design 16 ] 2 $ 0 5 1 3
Dag:tal System Demgn B 3 2 ) 3 3 ] s

FL-| Programming

Language 32 10 s 10 b 19 $ 15
Awembly Lanpuage 42 b b $ 7 1 7 1l 7
TOTALS 145 L1 14 4 20 “6 21 55

Thus paper will present results relevant (o all of these
probiems, along with data analyses by which some poten-
tial biases arising from the less-than-perfect panticipation
are dealt with. Finally, it discusses what conclusions may
reasonably be based on the results.

Design

Titles of the five courses involved, along with the num-
bers of students who completed vanous parts of the study,
are shown in Table |. A total of 145 students took exam-
inations at the end of the various courses. These examina-
tions were scored (or each class by its instructor, and
members of each class were runked in terms of their
scores. The students in each class were then divided into
matched triplets (the three best students, the next three,
eic.) on the basis of these ranks. From each triplet, one
student was picked randomly to be in each of three experi-
mental groups. Where the number in the class was not even-
ly divisible by three, the extra students were not assigned
(o experimental groups. The three experimental groups
were: a control group that received no examination until
one year later; a sx-week group that received an examing-
tion sx weeks after the end of the course and another
alter a year; and & six-month group that received an examin-
#tion sx months after the end of the course and again sfter
i year.

Table 2 summarizes the design. The end-of course «xam
13 referred 1o as the Initial examination, the examinations
occurring st gix weeks or fx months will be referred to as
[nterim examinstions, and the examination occurring after
@ year will be calied the Terminal examination. Note that
all students received an Initial examination in June 1971,
All students also received 8 Terminal examination in July
1972 Those in the six-week and six-month proups received
Intenm examinations in July 1971 or January 1972,
respectively.

Methods and Procedures

The examinations were sent by mail 10 esch student at
the sppropnaie time. The examinations, which were Xerox
copist of the original exams taken by the students, were
dccompanied by & covar letier requesting cooperation and
Instructing the student (o take the exwninstion in the same
manner &3 had been required at the end of the courm {al!
courses used take-home exams). The studenis were assured
that thewr results would be kept anonymous, and they
were asked not 1o put thelr names on the examination
sheets. A code number on each examinstion was used to

keep track of the students, but identities were not avail-
able 10 the instructors who later scored them.

Approximately two weeks after the examinations,
follow-up letters were sent to those who had not yet re.
turned them. The number of examinations returned by
members of the vanous experimental groups and classes is
shown in Table |. The proportion of exams returned was
about the same for the control and six-month groups, and
somewhat lower for the six-week group. The total number
of complete sets of dats was 100 small to sllow separate
analyses by courses, in order (G obtain interpretable data,
results from all of the courses were combined. Thus it is
difficult to charscterize preasely the kind of course to
which the results apply. However, since well over half of
the students were in programming courses, and the rest
were in technical or mathematical courses, there is » cer-
tain common charscter to the material,

Al of the Interim snd Terminal examinations were col-
lected before any of them was scored. After they were all
returned, in August 1972, the examinations were returned
to the original instructors for scoring. Instructors did not
know which student had provided which exam paper, nor
from which of the examination periods any exam had
come. The instrucior were ssked 1o review their scoring
methods from the previous year and 1o follow them as
closely (  possible. They were mked to score all of the
examinations logether and to try to maintain consistent
criteria.

Scores from the Initial examinstion alone were used (o
establish a common scale. The initial scores for each class
were first vansformed (0 zacores. This allowed combining
of scores across classes. Raw scores for the Intenim and
Terminal examinations were converted 1o the common scale
by subtracting the class mean for the Initiel examination,
and then dividing by the standard deviation of the Initial
exam scores. For purposes of establishing the scale, il

Tabie 1. - Dosign of Retention Study

tnitel Comrme iaeris Exam Terminal
Final Exam Exum
Uume "71)  Owly 1) Jussary '77) (Juby '72)

Control

Group X X
& Woesk

Creup X X X
bMonth

Croup X X X
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Fagure |- Average exam scores over s one yemr peniod (oliowing techmicsl courses. Al scor ere
besed on standard (SD) uniis derived from anginal end of courms linal exams (INIT), snd are odjusted

10 equal stasting levele The sverages are (or independent groups of sivdents who 100k & grves @am
furst o6 the end of the cowse, and next W ter the (me inmrval tadiosiod. Dats are from five Bell Lab-

arstones Continuing Eduction coumes given in spring 1971,

|

EXAM SCORES (ADWSTED, SD UNITS)
°

«1 " 4 A i

INIT 6 wKsS 6 MOS 1 YR
EXAM

scores for the Initial examinations were used, including
those of students who failed (o take one or more of the
succeeding exams. This was done in order 10 provide as
stable md meaningful & scale as possible.

One question was whether the three experimental
g1 ups were similar ot the outset. The Initial exam scoms
for students with complete data in the six-week, six-month
and control group were 37, 03 and .06, respectively.
These means do not differ from each other significantly
(Fy32 *09]) However, for further analysis, an additional
adjustment waa made in the scores 80 & to give all groups
equal starting levels. From each of the Interim and Ter-
minal z4cores was subtracted the Initial zecore for Uw
same student.

Severnl weeka after the Terminal examination, & ques-
uonnaire was sent out in order to obtain information about
the amount of use that had been made of the material over
the preceding year. The questionnaire ssked (he students
1o estimate for esch month between the end of the course
and the Terminal examination the percentage of the mater-
il covered on the end-ofcourse examination that had been
used at least once during that month. A calendar was pro-
vided in which they were 10 write their estimated percent-
ages. Eighty-seven questionnaires were returned.

Results

Figure | shows the mean adjusted exam scores for the
sx-week exam, the six-month exam, and the Terminal
exam. Note that the Terminal exam score mean is for the
control group only. Thus, this figure reflects change in

knowledge over 2 year in the sbsence of intervention. As
can be seen, the mean scores first go up and then decline
over the year: 001,0.72, < 03, <73, At ux weeks the
sores were significantly higher (1 = 3.03,p <. 01) than
they were on the Initial exam, probably because the stu.
dents found answens 1o questions they had not known,
However, by six mon ths the sverage student's scores were
#t the same level or slightly less than they were on the
Initial exam. By a year the average student had lort a sig
nificant .73 of a standard-deviationunit of what he had
onginally leamed (130 = 2.35, p < 03). Some additional
intultive meaning can be gained by considering what such a
loss meant for students in & typlcal course. For example, in
one of the courses there was an exam grading scale of 200
points, for which the initial mean was | 17 and the standard
deviation 30.8. The range of scores was from 44 to |78,
Thus, an average student would have slipped from an initial
raw score of 117 1o 94 by a year later. Stated differently,
the loss over 3 year took the average student from about
the 50th percentile on the Initial exam (o a score corres
ponding spproximately 10 the 23rd percentie on that
exam.

Considering the effect of the Interim examunation, Fig-
ure 2 shows the losses over the whole yesr for students in
the control group, Uw sx-week Interim exam group, and
the six-month interim exam group. Losses for the six-week
and control groups were slmost identical; the loss for the
sx-month group was very littke and significanty less than
that of the control group (tyy = | 86, p < 05, one-tailed).

That Uw effect of & test is greater if the test is delayed
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Pogore 1 - Dechne in sdjusted cxmm sooret over § one yor period for independent groups having
B0 SIRIVERING Exam (control) Of having an inervening exem Aier o (her &3 works or 55 monthe

Ve ond ines indicaie slendard error of means. )

EXAM SCORES (ADJUSTED)

“1S0°END OF COURSE

rather than given immediately has precedent in experi-

menis on paired-associated learning in which a non-monotonic
effect of delay of testing has been observed (2, 3). Whether
the same explanstion will serve both for one-minute delays

of tests on paired amociates s studied by Landaver (2, 3),
and for six-month delays of course tests is an open ques-

Uon. If the explanation is that tests as studied hers do most
good when the S has forgotten some, but not all of what

he once knew, then the two phenomena may well be

related

Figure 3 shows the estimated average amount of the
matenal covered on exams which Se used in variouws months
alier the end of the courses. The low range of these esti-
mates seems somewhat surprising. Almost half of the stu-
dents amerted Lhat they have never used any of the mater-
(al covered on the examinations. We doubt that this is be-
cause the examinations did not cower the important ehe-
ments of the course, iince both the instructors and the in-
vesugeior were convinced that the sxaminations used in
the courses were quite comprehensize and reflected » good
10b of choosing repressn tative and t material.

The students who had both ken Terminal examinations
and completed questionnaires were divided into three rough-
ly equal-sized groups on the basis of the amount of use
they estimated they had made of the course material,
averaged over the whole year. The three groups were: (1)
21 who reported that they had never used any of the ma-
tenal; (2) 1S who estimated they used an average of less
than 10 perceni~for whom the median use per monih was
1.7 percent— and (3) 13 who estimated they used 10 per-
cent or more in the average month - for whom the median
use pei month was 200 percent. The adjusted Terminal
examination scores for these three groups are shown in
Figure 4. Retention was betier imong those who reported
unng the material most. The differences shown in Figure
4 are siatistically signiDcant (Fy = 4.22, p < 0%

EXAM

The three sets of students differing on estimated usage
did not differ systematically or significantly in their Initial
(est scores, having means of — 05, 43, and 09, respectively,
for the none, less-than-10 percent and more-than-10 per-
cent groups (Fy 4 = 0.91). Thus, differences in initial

Figure 3. -Subjective estime tes of proportion of ms racial tested
on wnd of coures el exams used (s sach of |1 mecceeding monthe.
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aent do not explain the differences in adjusted Terminal
scores a2 8 funcuon of the amount of use. This suggests
nat it was the use that kept the msterial fresh. rather
than that good students used the matenal more

Potential Bist Problems
Al noted above, the three experimental Broupt were

umiiar with respect 1o their scores on the Initisl exam. In
particular, the control group and the six«month group
the groups whose retention differed significantly over s
vear—were almaost identical on Initial scores. It therefomn
dppears that these groups were similar with regard to

mgnal talent. Nonetheless, it is possible that the taking
Of exams st six weeks or six months served to seleciively
dissuade students who forgot more from taking the
examinstions & vear later, thus introducing & bias. There
were, in fact, 17 students in the six-week and nine in the
ongina six - month group who took the Interim sxamins
ton but fsdled to return Terminal examination papen
(One student took the Terminal but not the Interim
exam.) We calculated the mean (adjusted) psrformance of
these groups on the Interim examination and they were,
indeed, considerably lower than those for the average sty
dentsin these groups: 43 and .77 lor the six-week and
sx-month groups, rerpectively. However, it should be
noted that this self selection ls not necessarily indicative
of & biss in the comparison of mean results (or the experi
mental groups with the control group. The proportion of
students in the six-month group who 100k the Terminal
EXAMUARLION wis Aimosl laenUical 10 that in the coxtrol
§roup,Le, there was the same ovenll dropout rate among
the control group a2 among the six-month grovp. Thers s

No reason 1o believe that the ones who dropped out of the
control group would have done better than those who
dropped out of the other groups. Therefore, there is no
direct evidence on which to believe that those who remained
to take the Terminal examination differed systematically
wiween the groups

Nonethelesm, the investigaton felt that {t was important
10 'stimate whether the results might have been different
hac all the students who took the six-week or dx-month
exan & subsequently also taken Terminal exams. This was
sc rmplished by deriving # prediction equation for Ter
mina sores on the basis of Inital and Inteim scores for
those (udents who took all three exams. For example, for
the sixmonth group, » linear regression equation, based on
8 least-aquares fit, showed that Terminal examination
scores ware predictad as w = ~ 03 + S2x + 30y, where
wis the unadjusted Terminal examinstion t4core, x the
unadjusted Initial zacore, and y the unadjusted Interim
L 4cOre

Thes prediction equations having been determined for
the students who ook all three exama, they were then ap-
plied to the “nontaken.” who had taken Initial and In.
terim, but not Terminal exams. Predicted sdjusted scores
for them-—what they probably would hawe gotien on the
Terminal examinations had they taken them, minus their
sctual scores on the Initial examinstions—were —1.07 for
the six-week group and ~ 36 for the ix-month group. The
prediciad six-week group score was below the sctusl cor
trol group scors while the predicted six-month group score
was abovy the control group. For the control group, there
s, of course, no corresponding estimate for dropouts
Howewer, on the assumption that control group members
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who failed 1o take the Terminal exam would have done, if
anything, somewhat woise than those who actually 100k
i, & predicied for experimental groups, the “true” Ter-
mina: score for control studenis wou'd be even lower than
observed . Thut, had all students completed the Termingl
exams, 11 appears very unkikely that the overall direction
and significance of the differences in average periormance
among the three groupt would have been changed

[Dhvascussson

The first thing that is worthy of note is the very small
amount of use that students claimed 10 make of the ma-
terial learned in these courses. The average student seems
(0 have taken a course at least a year before he actually
needed it. One might guess that technical courses given in
a technical work environment would suffer comparatively
lttle from this problem. The fact that there is a relation
between the amount of use and the amount of loss over a
year would seem 1o suggest that it is a potentially serious
matter for & student to take a course more than a year be-
fore he will use its contents.

On the positive side, an Intenim test at six months—but
not one st six weeks—seems 1o help students retaln infor-
mation over a period of a year. Thus, one possible partial
solution 1o the problem of getting knowledge through to
its temporal destination is to provide occasional retests, or
perhaps other “reflresher” activities, for those who con-
tnue to anticipate future use. The results of this study
suggest that such sctivities should be speced sbout six
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-

A Case Study in the Failure to Apply the Resuits

of Psychological Research

Frank N. Dempster
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ABSTRACT The spacing effect would appear 1o have
considerable potential for improving classroom learning,
wet there is no evidence of its widespread application. |
consider nine possible impedimerus 10 the implemeniation
of research findings in the classroom in an effort (o de
termine which, ([ any. apply 1o the spacing effect. | con-
clude that the apparent absence of systematic application
may be due. in part, 10 the ahistoncal character of research
on the spacing effect and certain gaps in our understanding
of both the spacing effect and classroom practice. However,
because none of these concerns seems especially discour-
aging, and in view of what we do know abow! 1he spacing
eflect, classroom application is recommended

The spacing effect—which refers 1o the finding that for &
given amount of study time, spaced presentations yield
substantially better learning thas do massed presenta-
tuons—is one of the most remarkable phenomena to
emerge from laboratory research on leaming. It is re-
markable in several respects. First, the spacing effect is
one of the most dependable and replicable phenomena
in experimental psychology. Second, it is remarkably ro-
bust In many cases, two spaced presentations are about
twice a3 effecuve as two massed presentations (e,
Hintzman, 1974; Melton, 1970), and the difference be-
tween them increases as the frequency of repetition in-
creases (Underwood, 1970). Moreover, demonstrations
of achievement foliowing massed presentations often are
only slightly hugher than that following a singie presen-
auon (e.g.. Melton, 1970). Third, the spacing effect is
truly ubiguitous in scope. [t has been observed in virtually
every standard experimental learning paradigm, with all
sorts of traditional research material (Dempster, 19874,
Hintzman, 1974; Melton, 1970).

With all of these characteristics in its favor, the spac-
ing effect would seem to have considerable potential for
improving claseroom learning. However, there s little ev-
idence that this potential has been realized. Neither
American classrooms nor Amencan textbooks appear 10
implement spaced reviews (o any systemauc way, and by
comparison, Soviet mathematcs lextbooks provide &
much more distnbuted method of presentauon than do
their Amencan counterparts (Stgler, Fuson, Ham, &
Kim, 1986). Nor i3 there much evidence that the next
generaton of educators is being better informed. [n a

recent sampling of practitioner-oriented textbooks suit-
able for use in teacher education programs, | found tither
little or no mention of the practical benefits of the spacing
effect, and in some cases the spacing effect was confused
with other phenomena (¢.§., Good & Brophy [986;
Mayer, 1987, Slavin, 1986, Woolfolk, 1987). One well.
known educator, in fact, advised against spaced practice
at least in the early stages of learning (Hunter, 19813)

Why is it that research findings that appear t0 have
significant implications, such as the spacing effect, often
are not utilized by teachers and curriculum makers? In
general, the problem is that there is no well-developed
implementation model, nor is there a standard method-
ology for analyzing the conditions that foste; the transfer
of knowledge from the laboratory 10 the classroom (see
Hosford, 1984, for a discussion). Obviously, \:sues re-
garding the utilization of Andings from basic research are
complicated, and there are many potential impediments
1o the implementauon of research findings in the class-
room. In this article, | explore nine potential impedi-
ments, all of which seem reasonable at first glance, in an
effort 1o determine which, if any, apply 10 the spacing
effect.

Impediments to Application

The Phenomenon Has Not Been Known Long Enough

Although the ume lag between discovery and application

vanies greatly, some cousiderable period of time often in-

tervenes between the publication of research findings and

their application. In the case of the spacing effect, however,

& conniderable period of ime already has passed since ils

initial documentation. The spacing effect was known as
carly as |885 when Ebbinghaus published the results of
his seminal experimental work on memory. With himseif
as the subject, Ebbinghaus found that for a single 12-
syllable series, 68 immediately successive repetitions had
the effect of making possible an erroriess recital after seven
addiuonal repetitions on the following day. However, the
same effect was achieved by oaly 38 distributed repeuuons
spread over three days. On the basis of this and other
related findings, Ebbinghaus concluded that “with any
conuderable number of repeutions a swtable distnbution
of them over a space of ume is decidedly more adva“-
ageous than the massing of them at a single ume ™" (Eb-
binghaus, 1885/1913, p. §9) Jost, also working with non-
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sense syllables, reported simiilar findings and in 1897 for.
mulated whai was (o become known as Jost's Law: “|f
WO associations are of equal sirength but of different age,
8 new repeution has a greater value for the older ane"
(McGeoch, 1943, p. 140)

lo 1928, Ruch published a review of dozens of stud-
ies of the spacing effect. Although interprewation of the
results of these studies (e g, Dearborn, 1910 Pevking,
I914; Pyle, 1913; Starch, 1912) is complicated by other,
poienually confounded variables. the results tend. in gen.
eral, 10 confirm the sarlier work by Ebbinghsus and by
Jost. Thus, published reports of the spacing effect have
been in existence since the latter part of the '9th century
and the early part of the 20th century,

The Phenomenon Has Not Received
Recent Documentation

In the absence of recent documentation, research findings
may seem stale or anachronistic, but, as most, if not all,
students of the learning literature know, the spacing eflect
has been well-documented in recent times. Many studies
of this phenomenon were published during the 1960 and
the 1970, as reviews by Hintzman (1974), Melton (1970),
and Glenberg (1979) attest

Although much of the research included in these
reviews was reminiscent of the work of Ebbinghaus in
using easily analyzable simple verbal urits, Jhe fruits of
this research are considerable from any perspective, For
exampie, the ubiguitous, highly replicable character of
the spacing effect fostered the notion that ity existence
must be telling us something important about memory
(¢.§., Hinzman, 1974). Also, it clearly demonstrated thet

ume s distnibuted, was in deep trouble or at least in need

Phelps, 1987, Cuddy & Jacoby,
Bourne, 1985. Dempster, 1987b; Elmes. Dye, & Herdetin,
1983, Glenberg & Lehmann, 1980; Glover & Corkill,
1987, Toppino & DiGeorge, 1984; Toppino & Gracen,
1985). Thus, documented evidence of the spacing effect
has appeared in the literature conunually for the past 100
YEars.

The Phenomenon Cannor Be Linked 10 [3snes of
Current Concern 1o Educatory

| agree with Glaser (1982) that research knowledge is
most likely to inform educauonal practice if it can be

s S s ——————
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related explicitly 1o large-scale educationa! ISSUes or macr(

variables. Whereas the reiationships between (he fathe

fine-grained enalyses of learning angd memory cond urec
by researchery and the practice of sducation veually are
0ot selfevident 10 the teacher and must be luminated
by the psychologist, this task should be relatively straight.
forward in the case of the spacing effect, Afler all, the
spacing effect has iramediate and obvious implications
for how time in the classroom may be distributey opu-
mally. In the wake of recent critiques and studies of
schooling, such as 4 Nation at Risk (National Commis-
sion on Excellence in Education, 1983), Time 10 Learn
(Denham & Lieberman, 1980), and Perspectives on In.
Stiructional Time (Fisher & Berliner, 1985), the use of ume
in the classroom has & major educational concern.

The Phenomenon Has Not Been Demonstrated
Sarisfactorily in School-Like Activities

Such demonstrations Are arguably the mog important
bridge between hasic research and educational practice.
, this bnidge seems

the most luteresting of these effects, from an educational
Perspective, is that of Pyle (:913), who had
third-graders drilled in addition, either twice a day for §
days (once in the morning and once in the afternoon) or
once a day for 10 days. Their improvement in recall of
addition facts, which was decidedly in favor of the latter
instructional method, provided perhaps the earliest ex.
perimental Uon of William James' (190 ) advice
10 teachers and students that it I8 better 10 repeat an as.
sociation oo many different days than again and again
on just a few days (p. 129).

Most of the carly demonstrations of the spacing effect
“intended for schoolroom application” focused on text

cessing again has been the focus. In a study by Kraft and
Jenking (198]), subjects attempied o free-recall the utle
and one ndu unit from nch of a series of twice-presented

eight intervening passages. As in much standard verbal
learning research. recall Was a linear and much improved
function of lag. One pracucal limitation of this study, of
course, is that students rarely are asked 10 recall so little
from a series of G

In the second of these recent spacing effect studies,
Dempster (1986) contrasted lags—defined as the interval
between two opportunities 1o read a “assage of text ma-
terial—of 30 seconds, $ minutes, .J minutes, and 48
hours in one €xperiment, and 5 minutes and 10 minutes
In 2 second experiment. In the first experiment, subjects
in the 48-hour condition recalled significantly more idea
units than did subjects in either of the two shortest lag
conditions. In the second experiment, recall was signifi.
canty higher in the 30-minute condition than 1n the <.
min'ite condition. [n both experirnents, the recall advan.
"age associated with the best pertorming group was about

628

August |988 « American Psych RISt



the same (betweer 25% and 30%), even though different
text passages were used in the two expenments. Thus,
the eflect was both robust ard replicable. Finally, Glover
and Corkall (1987) observed e spacing effect (0 lag versus
2 10-minute lag) 10 subjects’ memory for paragraphs they
read as well as for brief lectures (125 words) they heard

n addition to text recall, spacing effects have been

demonstrated in programmed instruction, where the ob-
jective has been the learning of science and mathemaucal
concepts In one study, the meanings of a senes of pro-
grammed scientific ter ns were learned tuuch more effec-
tively when repetitior.s were spaced than when they were
massed (Reynolds & Glaser, 1964). In another study, ar-
ithmetical ~ules presented by a computer-assisted in-
struction system and expressed as verbal statements were
learned better when reviews occurred one and seven days
afler original learning than when they occurred one and
two days afler onginal leamning (Gay, 1971, Experi-
ment 2)

Finaliy, spacing effects have been found in vocabu-
lary learming. In a study by Dempster (1987b), 38 un-
common English words and their definitions were pre-
sented three umes, either with each repetition of any given
word separated by every other word (i.¢., each repetition
of a word was separated by 37 other words or 4 minutes,
19 seconds) or with each repetition of a word massed in
succession. In addivon, the words were presented either
with or without sentence contexts. The results were quite
clear In three experiments in which spaced versus massed
presentations were evaluated in this manner, spaced pre-
sentations yielded substantially higher levels of vocabulary
learning than did massed presentations. In some cases,
in fact, the number of word meanings recalled was over
S0% greater under spaced conditions than under massed
conditions

In Dempster's (1987b) study the retention interval

averaged less than an hour-~short. from a pracucal per-
spective. Thus, the gquestion migat be asked, “Would
spacing effects emerge in the 1etention of vocabulary
words tested at much longer intervals7" Fortunately, there
are data relevant to this question. Bahnck and Phelps
(1987 tested 35 individuals who had learned and re-
learned S0 English~-Spanish word pairs for recall and rec-
ognition after an interval of eight years. One variable of
interest was the interval between successive releaming
sessions—either 30 days, | day, or 0. The data show that
the intersession interval had a very large effect on recall,
with the recall probability associated with the 30-day in-
terval about 2.5 times the probability associated with the
zero interval. In turn, the |-day interval was associated
with much better retention than the zero interval. For
both comparisons, the effect on recognition, exclusive of
recall, was much less pronounced. Moreover, their data
clearly indicate that even five or more presentations are
unlikely to facilitate long-term retention if the interval
between successive presentations i one day or less. With
respect 10 the educational implications of their study, the
authors concluded that long-term retention would aimost
certainly be enhanced if foreign language courses

make ceriain that students independernitly retrieve arget infor
maton 81 intervals that are &8 ong & | month, over 3 penod
of several years, insiead of the mare tvpical imervas of 1 1o 2
days over periods of from 10 10 |5 weeks (p 149)

There Are Serious Discontinuities |
the Spacing Effect

Another possibie reason for the fauu.= to apply the results
of research on the spacing etfect is that (here are senous
discontinuities in the literature on the spacing effect, such
that most recent studies seem uninformed by the research
of earlier ones. Although the spacing effect has a lengthy
published hustory, there are disconunuities of this sort
For example, much of the important work from an ap-
plied perspective done in the early 1900s 15 not cited by
studies published later. More generally, most recent studies
tend to g ¢ the impression that, with the exception of
the work of ELbinghaus and Jost, all we know about the
spacing effect dates only as far back as the 1960s. | cannot
help but wonder how widespread a problem this is in the
learning literature, and what soris of consequences it has
for the evolution of the science of learning and its appli-
cation. Why is it that we occasionally—and perhaps fre.
quently-~give up on, or simply lose interest in, a phe-
nomenon before we have definitive answers 1o basic ques-
tions and, then much later, return to the phenomenon as
though we had just recently discovered it?

Upon reflection, this anistorical character of research
on the spacing effect would seem to have at least two
unfortunate consequences, either of which could impede
application. From a scientific perspective, such research
18 less likely 10 be as cumulative~-where cumulative refers
to empirical laws and theoretical structures building on
one another so that later developments extend and unify
carlier work (Hedges, 1987)—as would be more histoncal
“esearch. From a practical perspective, it will seem as if
the spacing effect has not weathered conunuous scruuny
over a lengthy penod of time.

There are, of course, many possible reasons for dis-
contipuities in the literature of a phenomenon. In the
case of the spacing effect, however, three appear to stand
out. First, for the most part, studies conducted from an
applied perspective and those ceirducted from a basic re-
search perspective constitute two distinct streams of re-
search. For example, although widely cited reviews by
Crowder (1976), Glenberg (1979), Hinzman {1974), and
Melton (1970) report dozens of studies of the spacing
effect using simple list learning matenals, none of the
many studies using more compler. matenal with clearer
classroom analogues are reported. This is the case despite
the fact that some sull viable accounts of the spacing eflect
(see for exataple, Cuddy & Jacoby, 1982, and Hinman,
1974) were anucipated and supported in earlier studies
done from a more applied perspective (see, for example,
Ausubel, 1966).

Secord, different terminology has been used 1o refer
to similar, though distinguishable, phenomena—a situ-
ation that seems to have created some confusion For
example, a number of writers have distinguished between

Ve Literature on

August 1988 « American Psychologist



the “spacing effect” and both the “Melton” or “lag effect
and the “massed-versus-distributed practice” effect. Lag
effects have been taid 1o occur when performance im
proves as a function of the number of intervening items
belween sucTessive presentations. whereas massed versus
Listnbuted pracuce effects often have heen restricted tc
mpansons between spacings of zero (massed pracuce)

1 all spacings greater than zero (distributed practice)
['he use of thus terminology. however, is somewhat uneven
me researchers have used these terms interchangeably

r have included other variables (e g, length of period of
ludy, retention interval) in their characterizauons of the
pacing effect (e g, Ruch, 1928). Also, much of the massed
versus distnbuted practice research, which has focused
n perceptual motor skalis Lashs and lists of nonsense syl-
ables, has yielded weak effects of spacing. According to
nderwood (1961), who reviewed |0 years of distributed
pracuce research, "Even under the most favorable con
ditions for facihitation by distributad practice, one could

-

{ recommend its use in an applhed setung” (p. 230
\pparently following his lead, some older educauonal
psychology texts advised that there were no ¢lear practcal
mplications to be drawn from distributed practce re-
search (e g., DeCecco, 1968, Mathis, Cotton, & Sechrest
Third, the spacing effect is just one of a family of
similar, though less thoroughly investigated, phenomena
that are occasionally confused in the literature. One such
phenomenon is the so-called “test-spacing’ effect, which
elers 10 the fact that spaced tests, paruculariy tests with
ntertest intervals of an expanding nature, result in greater
retention than do massed testings (Landauer & Bjork,
'8, Rea & Modigliani, 1985, Spitzer, 1939). Another
related phenomenon has been observed when once-pre-
sented writien exercises or matenals in a short course in
statistics either are spread over the course of several ses-
s10ns Or are presented 1n a single session—a situation that
» analogous to “cramming” for a test. In this case, stu-
lents learn more when the material is distributed over
several sessions (Bloom & Shuell, 1981; Smith & Roth-
kopl, 1984). Finally, Reder and Anderson (1982) found
that, with total study ume equated, repeated, well-spaced
presentations of a text were more effective than was a
ngle, longer presentaton. Simularly, Edwards (1917
mpared groups who studied various school matenals,
ncluding lustory and geography, six and one-half minutes

ntinuously or with the same amount of time divided

0 a study period of four minutes followed some davs
ater by a review of two and one-half minutes Lag and
test intervals, difficulty of the matenial, and age of the
subjects were s0 variable that it 1s difficult to interpret
he results; however, without exception they favor the re-
peated, spaced-study groups

fo complicate matters further, research on allied

enomena also has an ahistoncal character. Fur example

Rea and Modighani (198%) failed to cite Spitzer (1919)

even though Spitzer's work showed that if the interval

Detween original leaming and the first test in 2 series (s
0 lengthy, test spacing effects are likely 10 be vitiated

»

Alsn, Reder and Andersor vt o) failed cile f Jwa
1917), and neither Bloom and Shuell (1981) nor S
and Rotkkopf (1984) seemead aware of the work of A
(1950), who found orly minar differences in retent

Detween groups treated like theirs

Too Many Studies Using School-Like Activities Have
Foiled 1o Show the Spacing Effect

Although the spacing effect is one of the most dependal
phenomena in the learning of standard verbal learn
usts, there have bren more than a half-dozen document
fallures to observe the spacing effect in tasks with cla
room analogues. The results of these studies make it qu
clear that the spacing effect 15 subject 10 certain not fu
undersiood boundary conditions. Specifically, five «
of boundary conditions are suggested. First, it has be
found that under certain circumstances spaced pre-s
Lations are no better than (Austin, 1921) and sometin
even worse than (Gordon, 1925) massed presentations
tests of immediate recall. For example. Austin found t}
massed readings (e.g., five times in one day) of text n
ternial proved as effecuve as spaced readings (e.g., da
for hve days) in tests of immediate recall, whereas 1
spaced readings were much more effective in delaved tee
particularly il they came two to four weeks after learn:
Second, 1t has been found that massed practice often
more efficient for certain simple, isolated skills. such
writing the products of number pairs as rapidly as poss:
(Thormmdike, 1916). Third, evidence from traditio
learning research suggests that the spacing effect may 1
apply 1o preschool age children, although it does eme
In & robust manner by age seven (Toppino & DiGeor
1984). Fourth, two studies have shown that the spac:
effect can be eliminated if paraphrased rathe than +
batim versions of the repeated materials are used (L
larosa & Bourne, 1985; Glover & Corkill, 1987)

Finally, the results of a number of studies seem
suggest that beyond a certain iag interval, further increa
in lag are not always associated with further increases
learning. For example, English, Wellborn, and Kull
(1934) found that four readings of a text at three-h
intervals were associated with better learning than |
conseculive unspaced readings; however, rzadings at thy
hour intervals were no better th n readings at either o
or three<day intervals. Similarly, Lyon (1914), Peters
Ellis, Toohill, and Kloess (1935), and Sones and Str«
(1940) reported essenually no differences in retention
tween groups with rereading reviews spaced | and °
and 9, and | and 17 days afler onginal learning. Th
findings were later corroborated by Ausubel (1966)
by Gay (197))

Of these boundary conditions, the last two seem
most serious and most puzzling in view of the factt
the spacing effect has been found in paraphrased mate
Rothkopl & Coke, 1966) and i1n view of long-lag ef
obtained wath traditional verbal learning matenal ((
berg & Lehmann, |980) and in vocabulary lear
Bahrick & Phelps, 1987) With respect the latte
may be that under certain lengthy lag conditions, the .



benefits of spaced repetitions do not obtain because the
results of initial processing efflorts have been forgetien
see Lyon, 1914, and Sones & Stroud, 1940, for eurtier
discussions of this hypot.esis)

In any case, the spacing effect, especially in text pro-
Cessing. cannot be waken for granied. Although there have
been relatively few documented failures to obtaia the
ipacing effect, they certainly could have rased enough
doubt about the dependability of the effect to discourage
application

The Phenomenon Hay Not Been Demonstrated
Satisfactorily in the ¢ lassroom

With very few exceptions (Dempster, 1986; Glover &
Corkill, 1987; Pyle, 1913), even research using educa-
tionally relevant materials has been conducted in the lab-
oratory. Moreover, the rather simple learning situations
created in classroom studies of the spacing effect fail 1o
approach the complexities facing curriculum developers
and teachers. Curniculum developers and teachers have

term, under conditions in which much if not most of the
content 1s organized in ways that imply Systematic m.ove.
ment through learning hierarchies, curricular sequences,
and so forth, Thus, it may be argued that it is not at all
clear what specific implications demonstrations of the
spacing effect in simple, isolated classroom situations have
for curnculum designers and teachery facer with decisions
about how much material 1o include in a course, how to
sequence it, and how to opumally phase in new material
and phase out old material.

Arguably, the relative lack of apphed research in ed-
ucational settings is, from an educational perspective, the
MOst serious shortcoming of reseasch on the spacing ef-
fect. There is no substitute for applied research, and the
absence of at least several convincing demonstrations of
the spacing effect in Ongoing classroom situations under
naturalisuc conditions may well have been an impediment
to application.

Too Little Is Known Abowt Actual Classroom Pracrice
1o Justify Widespread Application of the
Spacing Effect

To the best of my know!edge, nothing has been published
concerming the proportion of time in the classroom
teachers usually devote to review (i.e, any re-presentation
Of practice activity pertaining 1o a particular educational
objective;, and to what exient reviews are massed as op-
posed 10 spaced. Moreover, the general nature of class-
room review activities apparently has not been charac-
terized. For example, 10 what exient are reviews verbaum
Of paraphrased” Because several studies have failed 10
show spacing effects in text processing when paraphrased
rather than verbatim versions of the repeated materials
were used (Dellarosa & Bourne. 1985, Glover & Corkill,
1987), the answer 1o this question is of practucal impor-
tance

In shor, due 10 significant gaps in our understanding

The Phenomenon I3 Noy Sufficiently Understood
Phenomena that are not weil understood are likely to

which the application of 4 poorly understood finding has
had extremely unfavorable consequences (eg., thalido-
mide), lFor example, educators, who often give the

might feel that the spacing effect would interfere with the
operation of “more laudable, higher mental processes,
because it is exactly such memorization to which spacing
applies most Clearly.

In fact, the theoretical Picture surrounding the spac.
ing effect is confused and unceriain, despite numeroys
attempus at clarification (¢8.. Dellarosa & Bourne 1988
Hintzman, 1974). A recent case In point is a published

learning tasks (Toppino & Gracen, 1985). The compo-
nent-levels hypothesis is one of a group of hypotheses
that s::iLute the spacing effect 1o 'ncreasing indepen.
gence of encoding events with InCreasing intervals be.
tween repetitions.

With more naturalistic material, theoretical work
has been slow 1o develop, and little ha, been done in the

of spaced review in meaningful learning

In the first place, after a longer retention interval, when more
material is forgotien, the leamner 13 more highly mouvated (o
profit from the Wportunity for review. He is less likely 1o regard
s apportunity as unnecessa y and superfluous and is hence
more disposed (o ke 800d advanuage of it in terms of effor,
attention, and concentration. {p. 197)

Apparently, Ausubel (1966) was on the right track
when he stressed the role of attention and eflort in the
spacing effect. Recent evidence indicates that some sort
of attenuonal account of the spacing effect is at least as
viable as any other account and well worth pursuing
(Dellarosa & Bourne, 1985, Dempster, 1986, Elmes. Dye,
& Herdelin, (983 Magliero, 1983) For example,
Dempster (1986) had subjects respond 1o a questionnaire
administered following a recall test of a twice-read pas-
Sage, with the two readings spaced either 30 minutes apart
or 5 minutes apart. The cuestionnaire consisted of |10
llems, each followed by a 10-point rating scale. which
was designed 10 elicit self-reports of various cognitive and
affective states and processes during reading and testing
Included were questions concerning levels of attentinn
interest, anxiety, rehearsal, and changes of interpretation
from one reading to the next The results were quite clear
Significant group differences emerged on only 1wo of the
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items, specifically one asking the subjects 1o indicate how
“interested” they were during the second reading—an
affective state~—and one asking them to indicite how
much “attention" they paid during the second reading—
a cognitive process. In both cases, the average ratings of
students in the spaced 30-minuie condition (those who
also did best on the recall test) were higher than those in
the massed S-minute condition. Moreover, a correlational
analysis, applied to the scores of both groups combined,
revealed a significant correlation between recall and only
one of the questionnaire items-that is, the attention paid
during the second reading. Those who reported having
paid more attention tended to have learned more from
the text
However, why should spaced presentations be more
interesting (see also Elmes et al,, 1983) and receive more
attenuon than massed presentations? Here again, Ausubel
(1966) seemed 10 have anticipated more recent develop-
ments when he suggested that it has 10 do with the relative
accessibility of previous encodings (in his words, the ac-
uvity of “trying and failing to remember material,” p
197) 11 a student receives massed presentations, the in-
forination learned during carlier presentations should be
relatuvely easy to retrieve from memory during subsequent
presentations. Thus, subsequent presentations should be
relatively redundant or familiar and thus relatively bonng.
By contrast, if a student receives two well.spaced presen-
tatons, the information learned during initial presenta-
tions should be relatively inaccessible during subsequent
presentations, which should heighten interest level and
the amount or quality of attention subsequent presenta-
tions receive. According 10 this account, then, massed
presentations are relatively ineffective because they may
not actually result in much repetitive processing (see also
Cuddy & Jacoby, 1982, Dellarosa & Bourne, 1985,
CGireeno, 1970, Jacoby, 1978, Underwood, 1970).

One implication of this account is that anything that
increases the likelihood that a repetition will receive full
processing, such as events that make it difficult 1o retrieve
the results of prior encodings, should improve learning.
Thus, this account helps 10 explain failures to obtain the
spacing effect with paraphrased repetitions, that is, rep-
etitions having a changed surface structure (Dellarosa &
Bourne, 1985, Glover & Corkull, 1987), and under lengthy
lag conditions (Ausubel, 1966; English et al., 1934; Gay,
1973, Lyon, 1914; Peterson et al,, 1935, Soncs & Stroud,
1940)

In sum, although recent studies have yielded some
promising clues to the mechanisms underlying the spacing
effect, our theoretical ignorance may have been and may
continue to be an impediment 10 application or might
contnbute o inappropniate applications

Summary and Conclusions

The spacing effect would seem to have considerable po-
teniial for improving classroom learning, yet there 18 no
evidence of widespread applicauon. In thus article, | have
considered nine possible impediments to the implemen-

taton of research findings in the classroom. Of the nine,
five appear 10 apply 10 the spacing effect. These include
the ahistorica! character of research on the spacing effece,
some failures to obtain the +fect wath schoo!-like activ-
ies, @ paucity of impressive classroom demonetrations
of the phenomenaca, limited kiowledge of classroom
practice, and an incoimplete understanding of the psy-
chological bases of the spacing ¢ff <t By contrast, the fact
that the phenomenon (a) has been known for a long period
of time, (b) has received recent documentaton, (¢) can
be linked tC current educatioal issues, and (d) has been
shown to extrapolate 10 school-like activities suggests that
the first four dimensions of analysis ~onsidered do not
apply

The following question now arises: To what extent
should the list of plausible impediments to the application
of the spacing effect in the classroom discourage appli-
cation? Afer addressing each of these concerns, | conclude
that we do know enough about the effect of spacing to
make a very strong argument for application without any
additional knowledge atout the spacing effect or class
roOm practice

Consider first the ahistorical and somewhat confus
ing character of research on the spacing effect. Given the
long history of research on the spacing effect and the con-
siderable recent documentation, the discontinuities in the
literature on the spacing effect do not seem ternbly im-
portant. In tact, the spacing effect has weathered contin-
uous scrutiny over a lengthy peniod of time. Of course,
the fact that the spacing effect is just one of a famuly of
similar phenomena would seem only 10 strengthen and
proaden the appeal of “spacing” in the classroom

A second plausible reacon for the absence of wade-
spread application of the spacing effect is that there have
been some fadures to obtain the effect in school-like tasks.
The spacing effect, in fact, does appear to be subject to
certain, not fully understood boundary conditions. How-
ever, it would be unrealistic 10 expect the spacing effect
1o apply in every situation, and the relatvely few failures
1o obtain the spacing effect seem trivial 1n hight of its
many demonstratuons. For this reason and in the absence
of any serious contraindications 1o the application of the
spacing effect, the fact that the spacing effect does not
always work hardly seems 10 justify resistance 10 it ap-
plication

Arguably, the most serious of the plausible imped-
iments to the application of the spacing effect is the pau-
city of impressive classroom demonstrations of the phe-
nomenon. Clearly, programmatic research on the effects
of spacing in education settings is long overdue, as the
results of such efforts would likely aid 10 its application
The most useful studies of this sort would be those in-
volving curriculum design and classroom teaching that
help shed light on the implications of the spacing effect
for specific applied i1ssues, such as homework, frequency
of testing and feedback, learming hierarchies, master
learning, and questioning strategies

Although additional classroom research 18 Cesirablt
and even necessary in order to make the most effect
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use of apacing, | do not think we have to withhold ail
;udgment on the applicability of the spacing edect at thus
poiat. For example, we know thet children study vocab-
ulary in @ vanety of subjects and that the spacing effec
facilitates vocabulary learning Likewise, chiliren are ex-
posad 1o numerous scientlic terms and anithmetical rules
while in school--each of which is a domain in which
spacing has been found to be effective. When coupled
with what we already know about the effects of spacing
in text processing, there 1s ample reason (o believe that
the spacing effect will improve classroom learning in a
wide variety of subject areas

Although we do not know much about current
classroom applications of the spacing effect, there are
many reasons 10 believe that the spacing effect is under-
utilized 1n the classroom in terms of its potential for im-
proving learning. In addition 10 the reasons indicated
earlier, there is the fact that the spaci: . effect is somewhat
counterintuitive. The spacing effect rypically refers to ¢
phenomenon that occurs under conditions in which the
retention interval between the last presentation and the
test 1s held constant. Thus, one might reason that because
the retention interval between the first presentation and
the test i1s shorter under massed conditions, this condition
should result in supenor performance. Even experienced
educators, when judging the instructional effectiveness of
text passages, tend 10 rate prose in which the repetition
of a givew unit of information is massed as better than
those in which it is spaced (Rothkopf, 1963).

In short, the spacing effect is neither intuitively ob-
vious, nor well known among educators. Accordingly, it
1$ reasonable to assume that those who become teachers,
administrators, curriculum developers, or writers of
reading series are ignorant of the spacing effect, just as
many psychologists are not clear about the totality of
educauonal situations that call for 1ts application Thus,
our ignorance of actual classroom practice should 20t be
interpreted to mean that widespread implementation of
the spacing effect has little or no potential for improving
classroom learning

The final plausible impediment to the applicstion
of the spacing effect 1s that it is not well understood theo-
retically. However, in view of the absence of evidence
linking the spacing effect 10 some undesirable psycholog-
ical process or outcome, this impediment is extremely
hard to justify. For example, there is no evidence that the
spacing effect impairs the ability 1o conceptualize or 1o
think critically, Even if 1t is found that the psychologcal
basis of the spacing effect applies only or largely to mem-
orizatuon tasks, memory is of central impurtance 1o any
complex intellectual activity.

Nevertheless, a fuller understanding of the spacing
effect could eventually aid i1 its application ana might
help to avoid some 1nappropriate applications. Hence, |
believe the search for the underiying cause(s) of the spac-
ing effect should proceed. As part of thus effort, some
attempt should be made 10 determine if spaced presen-
tations t2nd simply (0 increase the amount of informauos
learned (the quantitative hypothesis), or if they tend to

increase the leaning of only centain kinds of information
(the qualitative hypothesis). 50 fac, these hvpotheses have
been examined only in relation to the more general issue
of how repetiions improve learming, with mixed results
(Annis & Annis, |987; Bromage & Mayer, 1986; Mayer,
1983). They have not been examined in the context of
comparisons of massed and spaced repetitions, although
such comparisons might be fruitful from beth a theoret-
ical and a practical perspective

Recently, | was told that the spacing +flect has been
“studied to death,” and on another occasion that “we
know all that we need 1o know about the spacing effect
Clearly, the spacing effect 1s one of the most studied phe-
nomena in the | 00-year history of learning research, and
we do know a lot about it—enough to recommend ap-
plication. However, it would be a mistake to do what
these comments imply-—which i1s simply to stop inves-
tigating the phenomenon. Although it may take some
clever research to avoid diminishing returns, continued
experimental study of the spacing effect can yield valuable
information regarding its parameters and cause(s) Then
100, applied research and widespread application should
produce the data base needed 1o evaluate the particular
conditions under which the spacing effect works best
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IMAGERY TRAINING FOR OLYMPIC ATHLETES

INTRODUCTIQN

The purpose of this Visualization Training Program is to
define the concept of imagery as it applies to spert, to
explain basic imagery technique and describe methods for
improving imagery skill and Specific ways to apply these
imagery skills to your individual training.

‘Imagery" is a very relevant to the athletes training,
Preparation and competition. Many olympic athletes and
coaches are familar with and use imagery techniques for
performance enhancement . The tollowtng information can
Provide practical methods for improving your athletice
performance.

Author
Richard ™. Fenker

Compiled By
Shirley Kay Durtschi
Research Asaistant-Spott Psychology
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#hat s Imager ?
———tB_iMagery?

Imagery is cne language of the toedy/mind, Just as you
often use words cr #@il-talk ag the basis for "thinking”,
You alseo fraquently uSe images. Words or verbal languages
are our most commor means for communication with the
cxternsl world (and for thinking about this world). 1Images
Are most often used for internal Ccommunication, Imagery can
ce visual (mental Pictures or visualizations) but it can
also be auditory (involving sounds ), clfactory (1nvolving
smells or tastes), tactile (involving touch or feeling) or
“inesthetic (involvinq Your sense of body position or
motion;. An extremely vivid or clear image will usually
involve more than one sensory modality. For eéxample, if vou
“ere a swimmer, you might imagine a mental picture of
yYourself swimming in a competition and also hear the sounds
of your teammates cheering, feel the coolness of the water
against your skin, have an acute kinesthetic awareness of
Your body as you eéxecute a quick, smooth turn and finally,
smell the odor of chlorine from the pool.

Imagery I8 The Languag. Of Experience

Images are our mental versions of experience, Using
imagery we can Create, in vivid detail, a replay of a past
experience: or, we can Create a new event or experience in
Our mind. In Sports, we are free tC capture the image of
another athlete's moves or form and build on this pattern ro
develop our own Style.

Imagery guides much of an athlete's éxperience because it is
4 more efficient, complete language than self-talk, Try to
describe how to execute a gelf-swing, in detail, using
words. You could write a book! Now repeat thisg task using
imagery. An appropriate image communicates the same
information in a few seconds !

How Does Imagcry Work In Sports?

There are two theories to explain why imagining yourself
rperforming your SPCrt might have an impact on your actual
Swimming performance. First, when YOu imagine yourself
performing an action, you are transmitting electrical
impulses to the muscles involved in execiiiny that action.
These neuromuscular impulses will], for v-vid imagery, have
the same form or pattern as the impulses generated when you
are actually performing (but be somewhat weaker), Thus,
mental rehearsal of an action may be strengthening the

performed. Secend, images may be an efficient way of coding
or "rop:csontinq“ instructions for movement., In the example
given avove, forming an image of a correct golf-swing gives
3 simpler yet more complete description than is possible
with words.



shst If My Imagery Is Very Poor?

Fivst, remember that poor visual imagery dcesn't
necessarily mean your other imagery senses are diminished.
Some pecple rely more heavily cn their auditory images or
Kinesthetic images than on vigual imagery.

Imagery is a skill and like all skills can be improved
with practice. Think of i* as exercising a very special
mental muscle. If your images are weax or unclear or lack
quality in any modality, relax. Probably what you need most
is practice, using some of the exercises given in this
brochure. Your coach or sports psychologist can also help
by providing training materials for enhancing imagery
skills. Learning to talk took some time, so will learniny
to develop vivid imagery. But, you can do it with practice,

what's The Most Effective Way 7o Use Imrgery?

No one knows for certain, but current research suggests
the following guidelines:

1. Use a combination of imagery practice with
actual practice for the best results.

2. The most effective types of imagery probably
depend on skill level. Beginning and intermediate
athletes may want to focus on basic skills while
more advanced athletes may work on physiological
controls, problem solving or competition scenarios.

3. Cassette tape programs can be useful for
improving imagery skills. Commercially produced
tapes or other tapes made for a group are prohably
less effective than tapes designed for individual
athletes,

4. Chouse a quiet place whure yOu are not likely to
be disturbed for practicing imagery. Using one of
the trance technigues discussed below will also
enhance the effectiveness of your imagery.
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Imagery With Rolaxation._ﬂggiggtion Or Hypnosisg?

imagery practice will Generally be more effective when
done in conjunction with a "trance" technique such as
self-hypnosis, relaxation, meditation or hypnosis.

effectiveness. First. “vrance" techniques are methods for
focusing attention or inpreving concentration. And using
any of these methods insures that YOur perception of the
images will be enharnced. Second, using one of these
techniques is likely to improve the quality or vividness of
Your imagery. The ‘letting go" that takes place during
relaxation or self-hypnosis ig conducive to the precduction
ot imagery. Finally, trance sitates have a non-evaluative
quality that keeps your everyday, rational mind from
~ensoring the ideas or images that YOu create. For example,
‘T you choose to imagine that your feet and legs are made of

basketball court, your logical mind might reject these
‘mages as irrational: but, in trance, anything you imagine

‘S possible and can be believed. There are no limits to you
imagination!

USING IMAGERY SKILLS IN SPORTS

This section describes the major uses of imagery in
training and competition for athletes,

Yental Rehearsal

Imagery is used to practice some aspect of training or
“ompetition in the mind, The images might relate to:
“Pecific skills the athlete needs to master, making
wall-rehearsed skills nore autcmatic or performing in
competitions.

Skill Learning

imagery is used to teach basic skills., Films of highly
skilled athletes dcmonntrating the activity or examples

given by the cecach might be used as ‘models” for the
athletes,

Competition Programs

Imagery is used to rehearse a detailed program for a
future competition. A gymnast might imagine whera the next
meet will be held, the eévents in which he or she will be
competing, and the details of the ‘plan” for managing each
event. How will the gymnast get ready? what physical and
mental details will be monitored? How will the competition
e srarted, experienced and then finished? Will there be a
strateqgy for dealing with key Opponents, far being behind or
ahead in points or for handling pain or distractions?






Imagery For Goals

Athletas can "program” their goals by using imagery to
‘see”, “hear" or “feel" themselves achieving the nal. The
imagery can be Very realistic (a diver imagines her routine
off the i'igh p‘atfcrm--getting Set, executing the dive
perfectly, feeling the coolness cf the water and watching
the judges award a high scori3) or Very unrealistic aand

GOAL VERSUS PROCESS IMAGERY

Should athletes use "goal oriented imagery” or "process"”
imagery in a performance enhancement program? Both types of
imagery can be very valuable. Goal-uriented images of
winning races, receiving medals or breaking records can be
very effective images when Jsed before cor during workouts or
before competitions. Such images whi-=h remind an athlete of
his or her goals can be potent incentives for keeping
energetic, attrntive and motivated during practice. And,
rehearsing one s goals before a competition can also have a
motivational energizing effe~t., But during the
competition, any concern over goals or cutcomes is likely to
be distracting ra+ ~. “han belpful. Thus, for most athletes
it 1s better to & . oal-oriented imagery during
~ompetition. Imagos of winning or setting records can shift
quitkly into concerns ovar losing or slow times and in
either case such images zre likely to be distracting and to
interfere with performance.

Frocess imagery is focused or. the performance itself.
what sights, feelings and sounds are appropriate for your
best performances? What images are necessary for you to ski
your fastest, making the quickest turns and eliminating all
distracting thoughts? Each athlete has his or her own
appropriate "process" images that guide performance by
Keeping the mind focused and “intoe" the competition.

Process imagery can be used in practice but it is especially
imporcant during competition because it kKeeps the athlete's
mind on the key elements of performance instead of winning,
losing, how well oPponents are doing, the crowd and other
extraneous factors.

In general, rely on geal-oriented imagery as a motivator
in practice or before a meet and use process imagery while



ShOULD IMAGERY BE REALISTIC OR EXAGGERATED?

Researchers have not anfwered this question in a
definitive manner. Another version of this questicn is to
ask, "Should Goals be Realistic or Unrealistic"? The answer

character of the athlete. Unrealistic goals or images are
likely to be a problem for athletes who become frustrated or
discouraged when these goals are not achieved. For Other
athletes, setting éxtremely high goa.s, even when
unattainable, acts as an incentive or motivator to perform
their best.

£ach athlete or coach needs to make this judgment
individually, 1f unrealistic goals or goal-oriented images
lead rpo frustration, then Set more realistic goals. 1If such
images are effective 88 motivatores, then use them.

Exaggerated images are often used by athletes to
describe "how" they want to perform, not what goal they are
seeking. Examples might be images of a boxer pummeling his
opponent like a punching bag, of a high jumper who can fly
over the bar and socar t0 an indefinite height, or of a
T s player whe has eyes on her racquet and can "see" from

‘quet's perspective where to send the ball. Such

communicate in a symbolic manner, a clear message
&K what is expected. Many athletes have used
Jnrealistic goals and exaggerated imagery Successtully,
Select images that work for you.

GUIDE FOR INCLUDING IMAGERY IN TRAINING PROGRAMS

1. Imagery is like any other skill: it must be
practiced regularly to be effective,

[ V]

Imagery training should be included as part of the
athlete's regular Practice routine. 1If it is added
as an "extra" to be done outside practice, this
sends a clear message about its priority relative
to physical Practice.

-. [ Imagery can be used effectively before, during and
after physical practice.

(a) "Before" sessions can be used to prepare
athletes for what will happen in Practice or to
Create a particular mental state.

{(b) "During" Sessions can reinforce how imagery
might be used during an actual competition or help
athletes learn new skills or Strategies.

(c) "After" sessions can help emphasize pPoints made
during the day or give athletes tre chance to
recover after a strenuous practice.



General imagery skills such as rehearsal or
concentration can often be taught in a group
setting. Specific skills such as pProblem solving

The evaluation of athletes' imagery skills is a
good starting point for an imagery Program. The
feedback will help build interest in the program
and motivate individuals to participate fully.

Regard imagery as simply another useful skill in an
athlete's repertoire of physical and mental

skills. For some pPecple it will be of enormous
benefit, while for others it will have little
effect. Used properly, imagery training is a
powerful tool for 1ntegrating the body and mind in






MAKING YOUR OWN VISUALIZ
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ATION TAPE

This Handout includes:

Purpose of Visualization Tapes.
Preparing to make a Tape.

How to Structure your own Tape.
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‘eSpect. If vou do use Somecne =lse's voice, .t is éspec:ially
‘mportant o make the SCript fairly detailed and rersonal.

“hat L2 say on 08 _tape? The “iPe should be tailored to y
SPOrt and someti:mes £0 a specifie competition, but @ sSuggest the
following four sections as general guidelines:

1) The relaxation phase~ your -ape should begin with a brie¢
relaxation portion which allows vou to shut out outside thoughtsg
and nervousness. One good and simple exercise i$ to focus on
taking long slow deep breaths from your diaphragm, holding the
breath a bit, then slowly exnaling. Do this a number of timesg
and you should notice feeling more relaxed almost immedia:ely.

‘£ vou use another relaxation technigue, write that into the

SCript here.

<) Pre-tvent~- Going back to -2ages you collected, CIY to simulate
4 very positive pre=event state of mind and body. Ag YOou notice
Your competitors, You feel calm and confident. vyou feel good
about your pPreparation, and ag YOu take in your environment, you
know you will have a good performance. You remind yourself of
the two or three things you need to focus on in this competition,
and begin to thiak about your strangths and *hy you will do well

3) Event- Ag YOu visualize che event Seginning, 70U recognize
that vou feel calm and powerful and in control of Jour body and
mind. You focus on the two or three things that are kKeys to your
Success, and you see yourself? Successfully doing them. ((If you
JeC to0 nervous or stare t0 see negative or unsuccessful images,
JUSt stop for a second and go back to Some relaxation exercises.
Jon't get mad at yourself, because it ig natural to have to work
through the rough spots. Remember, if YOU get nervous or get
negative images during visualization, it ig likely that you would
during actual competition. By working through this now, you will
have an advantage over others who must deal with thisg during
competition)) When YOuU can see vourself pPerforming Successfully,
follow your Performance and notice how good it feels to be doing
well. Try to use all your senses and feel the different
sensations as you begin to fecognize that you are Succeeding.

You stay calm and relaxed and keep up your strategy until the
very end. You are not Cocky, but you are not defensive: You know
that maintaining your Strategy will enable YOu to succeed.

4) Post~Zvent- After Seeing yvourself perform Successfully, take
a2 moment to feel what Success i3 like. Take in your environment,
and notice everything. Enjoy the SuccCess for a while. After you
have a good clear image of what it feels like to succeed, 30 back



0 a few deep creathing/relaxat

0N exercises, ang gradually ax:e
from the visualizat:ion, gradually becoming moxe alert, Try so
determine how You feel. VYou should be calm and

Jou
are very aroused angd €xcited, you should do a few nore minutes of
felaxation. It is Sometimes helpful to replay vour
“isualization, because 70U may notice aspects of your terformance
that vou don't notice in the heat of actual competition. g
there is some*~hing vou don't iike about Your cerformance in the
Visualization, write A Corrective Statement into the scripe and
in vour next visualization you can modify the behavior.

relaxed, it






SUGGESTIONS FOR MAKING A PRECOMPETITION TAPE

Many athletes like te get in the righe frame of mind for
Competition by listening tO0 a tape before they Compete. Tapes
can ba pPlayed a week before Competition, the night before
-ompetition, and Now, with the invention of Walkmans, they can bhe
Listened to AT competition. Some athletes use tapes that have
their favorite PSyching-up or relaxing music on them, yhile

things to concentrate on before Ccompet: :ion. ome tapes contain
both music AND instructions,

You can make a tape, or tapes, for 7ourself guite easily,

Soth. If vou want a music tape, decide what musjic makes youy FEEL
BEST before Competition. Femember, YOU may be listening to thisg

Next get a Copy of the MUSic you want to listen to, whether
it 15 on a record, CD, or Cassette., Anp athlete about to COompete
in a boxing event might make a tape with the themes from "Rocky"
“Top Gun", and "Star Wars". Thisg tape will get him PsSyched up,
Another athlete who is tense before 2 shooting competition might
make g tape with music from “Chariote of Fire", "Pachabe] 's
Canon", and Some favorite Classical music. This tape will help

things you need to be thinkinq about before Competition. 1f You
Make your own tape, you can Personalize it, This will generally
o8 more effective than listaning to a mass-market tape that s

Firse, decide whose voice YOU want to pe listening to. Some
Athletes Prefer listening to thomsalvos, but others mMUuch prefer
somecne else to be Speaking. 1f YOuU select Someone else, it
should be someone who gives youy confidence when YOu listen to
them - 3 Coach, a close Companion, or your sport PSychologist,
Next, remember o try your tapes out before YOU go to
competition. Try them outr At practices, and under simulated
competition situations, SO that you can be suyre they have the
Fight feel, and that their timing and Pacing is right. 1¢ you
need to modify the tape, you will have pPlenty of time that way,
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SAMPLE TAPE
1. Relaxing music.

2. PRelaxation instructions. These should be fairly brief unless
this is just a relaxation tape. An example of a complete
relaxation script is provided in another handout. Concentrate cn
deep breathing and relaxing the muscles.

3. Self-suggestions. Some examples include:
* You have every reason to believe in yourself, as a
competitor and as a person.,
* You are well prepared. You are physically ready. You are
mentally ready.
* Remember your goals. You have the ability and the
determination to reach them,
* You are fully prepared to dig deep within yourself to meet
these challenges.
* Focus on what YOU have to do and on what YOU are going to
doe. Nothing and nobody else matters.
* Focus on WHAT IS WITHIN YOUR CONTROL.

4. Final suggestions. Go over the key points that YOou need to
focus on. These cues may be thoughts that have helped you to
attain your previous performance bests. For example:

* Be powerful at the start.

* Nothing will Stop you today.

* Concentrate on good extension.

* Just focus on your body and let your performance come

naturally.



These self-suggestions have been found helpful by Other

* Because of the physical Preparation ! have done and the
mental plan I have developed, 1I have an advancage.

* I can draw upon all my resources,
* I will be a8 I choose to be.

* I choose tO be my best.

* I choose to be the best.

*

As I prepare to start, I will become Completely
concentrated and absorbed by the task. I will feel energized
and in control. I will follow my plan. Nothing will disturb
meé Or distract me.

» During training for this event, 1 Prepared my body and ming
for a superior performance.

* I planned d prepared my Precompetition warm-up to Create

* I simulated My performance physically, mentally, and
tactically. so I am ready.

* I have every reason to feel confident., feel good. 1 am
better than anyone here. I am the best. 1 am fully
Prepared. 1 am confident in my Preparation, and I am
Completely determined to achieve my goal. People are
eéxpecting me to de well, and I am going to show them what :
can do.

These are some suggestionsg if someocne else is reading the

tape for you:

* Stand tall: Let the champion within YOu push forward.

* You are already starting to feel the way you want to feel,
and you will perform the way you want to periorm,

* You are and will remain mentally calm, alert, and

* You have a well-practiced Plan that wil) unfold as you have
imagined, hoped, and planned.
* If you experience any anxiety before the start, it will be

any obstacle.
* You can control what You do.
* In the Competition You will follow Your plan, and YOou will



LOST PRE-EVENT TAPES

What happens if ycu prepare a Pre-event tape and then can'ts
find it when you need it at the competition site? Treat it as
you would a piece of your equipment, and you will not likely lose
it. In case of loss or breakdown, perhaps it would be worthwhile
tO Carry a copy of your tape or a written copy of your pre-event
relf-suggestions as a backup. If YOu end up not having a copy of
your tape to listen to or a copy of your self-suggestion to read
to yourself, sit down quietly in your own space and think abour
how you want to feel. Try to recall your major
self-suggestions. That should not pose a problem, because as a
result of your previous experience with the tape, your
self-suggestions should be well learned by this time.



RE~EXAMINATION OF THE ROLE OF
ASSESSMENT 1IN
PROMOTING STUDENT LEARNING
By

James E. Bruno

There are three major types of policy analysis studies that
are associated with issues that involve student testing and
assessment. .These are che "why" of assessment, the "how" of
assessment and the "what" of assessment.

Why societies assess their young is embedded in the
collective cultuve of mankind or as Carl Jung would say the
‘collective unconscious of man. The rite of passage of youth,
the Bar Mitzvah, the confirmation, the SAT, etc., always seems
to entail some sort of “ordeal" or rite or performance based
test for the youth of a culture. Even the ancient Greeks were
keenly aware of the need for assessment. When the Sphinx asked
Oedipus "what walks with four legs then two legs then three
legs™ and Oedipus answered man, he was "judged"” by the Sphinx as
being "king" material. History's first Criterion Referenced
Test was thus recorded. Over the millennia of man, only the
format of testing -- ornl‘pcrfotmancc, written-essay, and
multiple choice has changed. The purposes of testing and
assessment seem to remain the same regardless of culture --

sorting of individuals.



3 Why We Test
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Both forgetting old information and learning new information

are strongly related to the expressed confidence that students

reliable (accurate and confident information See Figure 1 for
an analysis of how learning new information (i.e. percents) is
based on the confidence in previcusly learned information (i.e

decimals Also note how previously learned information is
forgotten over time in direct relationship to expressed
onfidence in that information




Thus "why" we assess students, at least from the

classroom teacher perspective, is basically twofold.

(1) Judgement, Selection and Sorting (grades and
placement) =-- Summstive Evaluation

(2) Enhancing Learning of new information and minimizing
the forgetting of old information =-- Formative

Evaluation

From the student (and parent) perspective the “why" of

testing and assessment includes:

(1) Insuring that the student is "on line"™ in terms of
meeting the educational objectives of the family and
culture

(2) Articulating the school's instructional program to
students (and parents) so that students can help

themselves learn.

From the school administrative perspective the "why" of

testing includes:

{1) Resource allocation (micro level) to promote the
effectiveness cof the instructional program
(2) Teacher accountability and assignment

(3) Curriculum alignment and planning.
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From the state perspective, the "why" of testing includes:

(1) Educational accountability
{2) Resource allocation (macro level) to promote the

state's instructional objectives.

B. How We Test

The "how" we assess students is based on two major
perspectives to assessment., Will the evaluation be
objectively scored (multiple choice, low cost, machine
scoring) or subjectively scored (performance based, portfolio
analysis, high cost teacher evaluation)? There are important
reasons why objective testing is presently favored over
subjective testing. Some of these reasons include economic
{cost and viability), Legal (bias ind due process), and
Educational (domain of skills, information for instructional
decision making) considerations. In general objective testing
is preferred over subjective assessment because it can assess a
wider domain of skills, eliminates evaluator bias from the
assessment process and most important is economically viable for
the educational agency to perform on a mass scale.

Presently there are three types of objectively scored
tests that are available toc the classroom teacher. These are
the Norm Referenced Test (NRT), the Criterion Referenced Test
{CRT), the Information Referenced Test (IRT). The following
table depicts some of the main characteristics of each type of

test.
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Type of
Type Mechanics Objective Scoring
Norm Referenced Test Student Score is Referenced Right or Wrong
to a Normal Distribution (one dimensional and
Curve non-reproducible)

Criterion Reference Student Score is Referenced Right or Wrong

Test to a Selection Standard (one dimensional and
Score non-reproducible)

Infuormation Student Score is Referenced MCW-APM

Referenced Tes: to Information Standard of {(two dimensional and
attainment reproducible)

The Norm Referenced Test such as the Stanford Achievement
Test (SAT), and the Comprehensive Test of Basic Skills (CTBS),
is typically used for summative evaluation. They are
notoriously sensitive to student guessing, test preparation and
culture bias. These limitations make them nearly useless
sources of information for the teacher for promoting classroom
learning. The fact that the scoring system used on a Norm
referenced test is not reproducible, since guessing is
implicitly encouraged, further limits its practical use in
classroom formative evaluation. Finally the tautology of
assuming that the normal distribution model of attainment is
perfect, then designing test items to fit that model,
underscores the pseudoscientific nature of the Norm Referenced
Test for use in Selection or Summative evaluation. In short,
the Norm Referenced Test is generally considered by teachers to
be useless for measuring anything but the narrowest;
instructionally irrelevant set of skills.

The Criterion Referenced Test (CRT) such as mathematics
or language placement test are far more "in line"™ with teacher

needs for instructional decision making and used in promoting
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classroom learning. Unfortunately, due to the one dimensicnal
system of evaluating (Right or Wrong) or scoring these types of
tests, they are also extremely sensitive to guessing. In
addition there is a strong inverse relationship between the
selection standard or criterion score used on the CRT and the
number of false positives generated by the assessment process.
The Information Referenced Test is a hybrid NRT and CRT.
Like a CRT, the main emphasis is for classroom formative
evaluation and like an NRT the score is referenced to some fixed
standard or model of attainment The Information Referenced
model of attainment evaluates students on a standard of being
informed, part informed, uninformed and misinformed. The
scoring system used in an IRT is also a reproducible system.
With a reproducible test scoring system the maximum score for
the student is obtained if and only if the student does not
guess, but answers each test item on the assessment with his or
her actual information. The IRT procedure is fully optically
scannable (see Figure 2) and generates an individual
education plan (IEP) for formative evaluation of each student
assessed (see Figure 3). A class information needs profile
(CINP) (see Figure 4) and a school information needs
profile (SINP) (see Figure 5) are also produced with the IRT

procedure.
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The one dimensional Right or Wrong (RW) test scoring
system is in reality only a recognition (and non
recognition) system and promotes a student test score
maximizing strategy that necessitates guessing. It is .
non-reproducible test scoring system,

There is no partial credit given with presently used
multiple choice testing formats. This limitation leads
to large disparities between the student test score
maximizing and teacher conforming strategies. This
disparity in strategies is inverse to student attainment
levels.

Because of the large amounts of misinformation, lack of
information and partial information, presently used
NRT's and CRT's scored with one dimensional R-W test
scoring systems are insensitive or yield erroneocus
results when used with low and medium attaining
students.

Misinformation knowing something wrongly 1/2 + 1/3 = 2/5
cannot be assessed with present practicss. Thus the
important pedagogical strategy of reeducation for
misinformation cannot be addressed.

The imstructional leadership TRIAD - student (and
parent), teacher and school administrator are not part

of the evaluation loop of instructional support.
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Current CRT and NRT testing practices assume that the
signal of instruction is perfect anc that all
imperfections in instruction are assumed to be with the
student. 1In essence, instructional validity is not
considered nor is it assessed.

The Normal Curve Assumption of ability, which is the
foundation of the NRT format, is predicated on two
erronecus propositions. These are that all student
responses are certain (flipping a coin == heads or tails
== right or wrong) and that the narrow domain covered by
the test is an unambiguous measure of general student
ability. Basically the normal curve model is assumed to
be perfect and all imperfections to produce the normal
curve model reside with the test item rather than the
student or the model itself.

There is by design a ceiling and cellar effect with
grade level NRT. This limitation can and does lead to
enormous distortions at each end of the distribution for
assessing student attainment.

There is no cumulative feedback curricula information
provided to the teacher or school principal regarding

common areas ¢f misinformation and lack of information.



D. Conclusion
In conclusion there will always be problems with assessing
student attainment in the classroom. Biochemistry has not
advanced to the state where students will produce an enzyme when
he or she has learned algebra. If this were ever the case

teachers, by means of a simple blood test, could then clearly

and unambiguously determine if actual learning had taken place.

Until these advances in biochenistry come to fruition, all

educational assessments will have to be “"passive" or one step
removed assessments.

What seems to be needed in education is a total re-
examination of the basic philosophy of why we test. The
philosophy presented here is that all testing should be used to
promote learning. The way medical docteors use testing to
promote the heaith of a patient, teachers should use testing to
promote the learning of the child. The way medical testing is
used to monitor health and suggest strategies for improving
health, educaticonal testing should monitor learning and suggest
appropriate instructional interventions to enhance learning.

The design of the Information Referenced Testing
concept is directed specifically at addressing the formative
evaluation needs of an individual student and thus promoting
learning. As other multiple choice objective formats and
subjective testing formats become available, they should all be
evaluated against the economic, legal as well as the educational
standards for tormative as well as summative evaluation. Unless

an alternative to present multiple choice, CRT and NRT testing
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Class Information Needs Profile (CINP)

Generated with the IRT Procedure
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