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‘Educational Laboratory project of research, development, testi
and training designed to create new evaluation methodologies f
use in education. This document is one of a series of papers and
reports produced by program staff, visiting ﬂﬁholars. adjunct
)scholars. and project coll&borators--all members of a cooperative
,network of colleagues working on the development of new
methodologies. ' S .- .

The Research on Evaluation Program is a Northwest Regional
2&/

What ' types of assistance have been provided by the Research on
Evaluation Program during 19847 This report reviews the *
activities related to new methods assistance, cost analysis
assistance. policy analysis assistance. and training and ttaining
materials.
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METHOD ASSISTANCE. REPORT

Over the history of the Research on Evaluation Program
(ROEP), an extens;ve variety of methods for conducting evaluation
studies has been assembled. These methods have been drawn from
an array of areas outside educational research and evaluation.
buring 1984‘pqrt of the Program's scope of work was to provide
assistance to people in the field in using the methods previously
developed.: ' . . ¢

In order to efficiently use the resources available to the
Pgogram. two types of approaches/were implgﬁented to provide
assistance. One was the development of an Annotated Bibiiography
of Practitioner Aids developed by the Research on Evaluation
Program (January 1984). Th;ebibliography contains brief
descriptions of over 40 reports, checklists, bibliographies. and.
other materials specificaily intended for use as aids in
planning. conducting, and reporting evaluations. This
bibliography was used to inform potential users of'éheh
availability of aids for the eva;uation practitioner. Summaries
of requests for the aids under néw methods assistance, cost
analysis assistance, and policy analysis assistance are provided
in those sections of this report.

The gzecond approach to providing assistance was a series of
training sessions. These were held to provide direct assistance
to practitioners, as described in the é:aining section of this
report. The materials used in these sessions may be found in the
Appendices. Based on this work, a series of guides will bé
finalized in 1985 (interim drafts of th; first ten guides appear
in Report No. lbl): the guides will be used to provide cont’nued,

assistance to practitioners.



, ' New Method Assistance _
\ . ' ) ' &
The category of new hethdds‘covers a variety of topics'which
have been the focus of previous Program efforts. Chief among

them is the use of-mickocompqtq;s in evaluation.

¥ 3

— .

Microcomputers -

| As shown in Table 1, 98.requests have been made for
hpractitioner aids related to mictocomputers. Two of these aids
(accounting for 67 requests) wére produced durinq’1984.
The followigg aré brief descriptions of the 1984 practitioner

assistance studies and aids related to microcomputers.

.
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No. 94, Computers Plus: The Organization, Opera;ion: and -
Evaluation of an Intensive Summer Program Designed to Develop
.Computer Literacy Among Educators

Authors: P. J. Gray and J. Tafel; January~}984, 48 pages

How should workshops to increase the computer -literacy .of
teachers and administrators be designed, organized, and
operated to meet the increasing needs of diverse students?
This report describes one series of four summer courses -
developed to provide introductory students with basic
concepts,--hands-on computer experience, practice in software
evaluation, and assistance in planning for microcomputer
use. The report has been produced to provide one 'model for:
meeting the current high demand for such workshops.
- t -

NS. 95, Computer Use Planning: A Case.Study of a School

District's Long Range Planning Efforts

Authors: P. J. Gray and L. J. Rawers; May 1984, 53 pages

How do school districts form policies about the instructional
and administrative uses of computers? How do school
policy-forming gpmmit;ees“function, and how can their
operations be nitle more effective? These and related
questions are addressed in this case study of one district's
initial attempts to establish policy about the use of
computers in the schools. This report focuses on the
oper#itions of the policy formation committee, its
composition, activities, and™products. An analysis of this
case example is used as a basis for recommendations about how
other districts can betcer develop computer policies.

R



w-' -
No. 98, Microcomputers and Bvaluation Rgsearch. Potential - . -
‘Benefits“and Problems . . S
Authors P. Je Gray: May 1984, 15 pages ‘

What are the applications that might Bé made . ‘ ~
microcomputers in evaluation, and what are the ‘'.nds of
problema (personnel, organizational and technicai) that must
be overcome if microcomputers are to be used effectively?
These questions are addressed in this brief ‘introduction to
the use of microcomputers in evalgation work. '

Tabie,l

New Methods Assistance Requests .
Microcomputer Aids

° _ : - No. of
Report No. Title «- s ~ Requests

76 + Open-ended Checklist for Evaluation of wy
Microcomputer Software 6 :

89 Microcomputer Workshop Materials 14

91 Guide to Use of DB MASTER 11

94 How to Develop an Intensive Computer
Literacy Program for Educators . 9

98 . Microcomputers ani Evaluation Research:

. Potential Benefi:s afd Problems -1

Total ) 98

4

Aids on Other Topics

< No. of
-  Report No. -, Title . ' Requests
61 Bibliography of Evaluation Utilization -1
74 Management Consulting Case Study 1
75 Public Data Bases ' . 3
78 Document Analysis Exercises 1l
96 - Evaluation Units in State Departments of
Education: A Five-Year Update 9
99 FPoundation Support of Evaluation 8 -
Evaluation Contracting Checklist* 2
New Techniques for Evaluation** 3
Total R 28

*Informal documents
**program-produced book
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\ . ‘. ) Noﬁ-lOl;-Guidea to Evaluation Methodsl _ . .
Editors: P. J. Gray and J. F. Turnidge; September 1968%, 146 pages -

This report contains interim drafts of t€n guides designed to
acquaint evaluators with new tools for using cost analysis,,
microcogpiters, investigative methods, and other approaches -
in evaluation. These guides are based upon previous Program - ..
research and publications, and will be distributed as
individual documents upon final revision. '

"Four‘of the guides produéed by the Program heke converted
into articles and published as part of an ongoing columr,
- Microcomputers and Evaluation,.in Evaluation News. The topics
" covered by these articles were word processing, data base
r management, statistical analysis, and the evaluation of
professional sbftware. In this form they received wide

d§ssémination. . . .

»

’ Other Topics ’ . . "

e v .

Table 1 also shows that 28 requests were’mad for
practitioner aids on topics other than micgoéomputers (e.g.,
management .consulting, document analysis); Several of these
topics appeared in Progan products developed during 1984,
including new support materials for using investigati?é methods}
product evaluation techniqhes,'and hearings approaches in )
evaluation (see Reportc°No. 10l1l). The follqwing are brief
descriptions of other 1984 new method resources.

No. 96, Evaluation Units in State Departments of Education: A
F. :-Year Update . '
author: N. L. Smith; May 1984, 12 pages

How have the evaluation units in state departments of
education changed in the last five years? Have there been
changes in their staffing patterns and in the nature and
’ amount of their work? Answers to these and related questions
are provided in this report which summar izés the results of
P two surveys (one in 1978, the other in 1983} which
investigated the nature of state department evaluation
operations. The report ends with information on the
orojected needs of these evaluation units over the next few
years.

‘ S 4 10
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Noj 99, Foundation Support of Evaluation g | .
Author: N. L. 8mith; August ,1984.' 31 -pages

A computerized’bearch pf the Foundation Grants Index weg
conducted to identify the ndture and extent of foundation

«¢ " "awards for evaluation work. The a@arda granted between 1972

and 1983 are described here in ternms of size of grants,

nature of recipients and supporting foundations, yearly and
geographic distribution. patterns, and topical areas of
primary support. Because so, few awards were found, three -
follow-up questions are also addrésged. What is the actual
‘level of foundation activity in evaluation? ‘How public is
foundation work in evaluation? and To what extent is o
foundation evaluation activity accurately represented in the.
Foundation Grants Index? PFoundation resolirce materials are -
also summarized. . -

‘v

-~

'No. 101, Guides to Evaluation Methods
Editors: P. J._Gray and J. F. Turnidge; September 1984, 146 pages

This report contains interinm dtafts of ten guides designed to"
acquaint evaluators with new toocls for using cost analysis,
microcomprters, investigative methods, and other approaches
in evaluntion. These guides are hased upon previous Progtam
research and publlcations, and will be distributed as
individual documents upon final :evision. '

No. 102, Finding the Questions for-Evaluation Research .

Author: J. T. Dillon; October 1984, 31 pages

Evaluation research can be' conceived of as a
question-answering process, and its resulting knowledge
* conceived of as a question-answer proposition. The
theoretical“study of questions suggests four practical
strategies’ for undertaking an evaluation study. (1) Before
'identifying the question to investigate, classify the
\..“fuestions that can be asked. (2) Before posing.the question,
analyze it. (3) Before addressing the question, construct a
dummy answer. (4) Before stating the answer, state the
questi~ns. In general, it makes pragmatic sense to expend at
least as much effort on finding the questxon as on finding
the answer.

o Cost Analysis Assistance

-

One of the major topics of interest among both regional
clients and NWREL staff is cost anlesis. The Research on
Eval&ation Program has been conducting work on this method for
several years. Over the past years there have been several

repgﬁts on cost analysise in the, Program series, such as "Manual

3 11
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. current_practitioner aids related to cost analysis. The _
gollowing are brief-désgriétions of 1984 cost énalysis.groducts.:

® . ’ . I
. ) ] :

for Cost Anaiysih ip Educational-Evalgation'rby Levin and Seidman
(ROEP Paper and Réport Serfbs No.. 65, November 1981), énd“_‘ A
“Multible Alternatives Modéiing-in Determining Fi;;allkoll-baéks
during Educational ;Lﬂding Czisea'-by'thleben and Sullivan (POEP
Paper and‘Regort,heries No. 7b,“narch 1982), as well as a variety
of suppodt materials and workshops. _ .

Building on this background_of§ex§;r;§nce and exgertise, the
Program developed sgvgré& practitioner aids in this area. -In
addition, as will be re?orted later, a.nuﬁber of training
.séssions wé?!gionductedon'cost analysiSa )

(3Table’2 shows that 41& reqﬁests were mgde for past and

3

No. 100, Cost Analysié in Educational Evaluation . _
Authors: N. L: Smith and J. K. Smith; September 1984, 51 pages

" what kinds of cost analysis studies are being done in
educational evaluation? The educational literatuieé shows

very few applications of cost methods, especially the "

seemingly most appropriate method: cost effectiyeness
analysis. The health literature shcws a greater use of cost

methods, but for treatment or intervention research rather
than for program management purposes as ia education. An

examination of a contracting firm's cost gstudies’ revealed the

use of only the simplest cost methods and those for
management®purposes. A national study of SEA evaluation
units showed an increasing mandate for the use of cost
methods and a movement toward the use of somewhat more

. complicated procedures. An interpretation of these findings
using kncwledge transfer theory shows that practitioners have
little problem with the credibility and relevance of cost

4('methods.but have major difficulties in understanding and
Lgplementing them.

No. 10, Guides to Evaiuation Methods

‘Edisors: P. J. Gray and J. F. Turnidge;-September 1984, 146 pages

) Thig report contairs interim drafts of-ten guides designed to

© acguaint evaluators with new tools for using cost analysis,
microcomputers, investigative methods, and other approaches
in evaluation. These guides are based upon previous Program
research and publications, and will be distributed as
individual documents upon final revision.

. 6 i2
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A'nehslester, Cost Communique, is another Program resource on
cost analyslis. This newsletter informs Northwest Regional
Educational Laboratory staff about coit analysis procedures,
methods, rosourées, and studies. Three iasues were publighed in
1984, with a circulation of 75 per issue. As a result, a total
of 225 copies of the Cost Communiques shown in Appendix A were
distcibuted. e * |

"=

G’-.'

‘Table 2 .

’ ) " Cost Agsistance Aidﬁ\

s

i : . No. of
Report No. ' ?itle . : Requests
82 Cost—-Analysis Case Studies 2
85 ‘Cost~Analysis- ‘Technical Research Report 5 ..

86 Alternative Teacher Preparation Programss R

A Cost-Bffectiveness Comparison : s
. 87 Proceedings Qf a Seminar on Cost Ana. " & 3
‘ 88 - Cost A:»lysis Bibliography \ e .88
- Cost EXfoctiveness Checklist® 1
Introductory Discuasion of Cost Analysis* 31
Cost-Effectiveness: A Primer*+* - 83
COST Comaunique#*#** . ' ¥1
Total : © . 4lo

*Informal @ocuments ,
**Program~produced book
***periodic program newsletter

I3
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( : ’ 2, Policy Analysis Assistance

Policy analysis has been identified as a critical area for
decision makers to become familiar with. Over the last several
years, the Program has deveioped a number of practitioner aids in
policy analysis. As shown in Table 3, 80 requests were made for
these resources, two of which were developed in 1984. These two
aids describe methods for conducting policy analysis studies on
the topic of microcomputer use, a problem area of policy

analysias. Following A}e brief descriptions of the two aids.

No. 95, Computer Use Planningz—'h Case Study éf a School
District's Long-Range Planning Efforts
Authgfs P. J. Gray and L. J. Rawers; May 1984, 53 pages

How do'ﬁéhpol districts form policies about the instructional
and administrative uses of computers? How do school
policy-forming committees function, and how can their
operatinns be made more effective? These and related
questions are addressed in this case study of one district's
initial attempts to establish policy about the use of
computers in the schools. This report focuses on the
operations of the policy formation committee, itd
composition, activities, and products. An analysis of this
case example is used as a basis for recommendations about haw
other districts can better develop computer policies.

No. 97, Policy Analysis: A Tool for Setting District Computer Use
Policy '
. Author: P. J. Gray; May 1984, 23 pages

<@

How can policy analysis procedures be used to help scHool
districts set policy on computer use? This report addresses
that questiofi by discussing the steps in the policy formation
- and implementation processes, outlining how policy analysis
’ ' methods can contribute to the creation of effective policy.

.- published in Educational Leadership, October 1984.
<

4 Training ~°

Two topics were the focus of training for practitioners by
Program staff: one is microcomputer use in evaluation, and the

other, cost analysis.




Table 3

Policy nnalysis Assictance Aids

No. of
Report No. Title : Requests
69 The Use of Assignment and Transpqrtation
Models in Evaluation 1
70 Multiple Alternatives Modeling in
Determining Fiscal Roll-Backs During
Educational Funding Crises 2
73 MICROPIK: A Multiple-Alternatives,
Criterion-Referenced Decisioning Model
for Evaluating CAI Software and
Microcomputer Hardware Against Selected
Curriculum Instructional Objectives 2
83 A Primer on Decision Analysis Procedures 2
92 , Dimensions of Moral and Ethical Problems
” in Bvaluation : : 21
95 Computer Use Planning: A Case Study of,
a 3chool District's Long-Range
Planning Efforts - 40
97 Policy Analysis: A Tool for Setting
: District Computer Use Policy ' 12
Total - * 80
Microcomputers

Four training sessions were held on microcomputers in
evaluation during 1984. One occurred at an invitational.
conference sponsored byethe Washington Educational Research
Aésociation. Some 56 participants were involved in thaQA
session. Training topics included the use of word p:oceésing,
data basé, statistical analysis, and other programs in
‘evaluation. The materials for tpat workshop may be found in
Appéndix B.

A second training session occurrcd at the Education
Commission of the States' Large Scale Assessment Cgnference.
This séssion reviewed the uses of microcomputers in evaluation

and described the important concepts related to the evaluation of

©




microcomputers for instructional purposes.. The presentation
materials used for this session are in Appendix C. Twelve people
attended the session. , v

The third training sessioq was an ihtzoduction to
microcomputers in evaluation research conducted at Evaluation
'84, the joint annual meeting of the Evaluation Network and the
Evaluation Research Society. A fourth training session involving
a software information ekchange also.took.place during Evaluation

‘84, A total of 50 people attended these two sessions.

Cost Analysis

Six events provided training exreriepces for practitiorfers on
cost analysis topics. One‘was a workshop attended by 15 Colorado
educators held in cooperation with the Northetn Colorado Board of
Cooperative Educational Services.

There were also three workshops sponsored by the Chapter 1
Technical Assistance Program at the°Laboratory. These were
conducted by an ROEP staff member using Program developed
materials. A total of 52 people attended these sessions (25 in
Arizona,'12 in Cglifornia. and 15 in ﬁashington). The workshop
materialé used in these sessions are in Appendix D.

The last two cost-related everits involved the é}esentation of
papers on practical topics at Evalhation '84, the joint‘annﬁal
meeting of the Evaluation Network and the Evaluation Research
Society. These sessions, attended by 70 people, addressed the
topics of "Economists' and Evaluators' Perspectives on
Cost-Outcome Analysis: A Call for Convergence,” and "The Use of

Cost Analysis in Health Evaluations: A Review of the Literature."

.
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Summary

In summary, several hundred contacts were made with
practitioners during 1984. These contacts were through providing
support materials, comsultation, and direct training. These
assistance activities were conducted as a means of service
delivery as well as a way to field-test and refine the evaluation
approaches and support materials being develéped by the Program
through its other 1984 reséarch and development activities.

un 17



Footnote

It should be noted that Report 101, Guide to Evaluation
Methods, appears in several of the lists. The reason for
-this is that guides in the report cover microcomputer. cost

analysis, and other topics.
. .

18
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APPENDIX A

Cost Commuaiques
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‘much more straightforward and understandable than they first appear.

COST COMMUNIQUE ' . No. 4, February 1984

R EEEEEEEEEEEEEEEENEENRIIEIIEI I I B I NI B N I RN

. NWREL COST STUDY WINS NATIONAL AWARD

&

" A study titled "Alternative Teacher Preparation Programs: A

Cost-Effectiveness Comparison” by Nick Smith (NWREL) and Jon Denton
(Texas A&M University) has received the Assocation of Teacher Educators'
1984 Distinguished Research Award. The study, described in the last
issue of the CO$T COMMUNIQUE, concerns two questions, (1) which of two
existing. secondary education teacher preparation programs is more
effective in preparing students to teach, and (2) when program costs are
considered, do the increased student performances warrant the
differential increase in costs?

- The full report is No. 86 in the Research on Evaluation Program Paper and

Report Series. ¢

COST ANALYSIS FOR EDUCATIONAL ADMINISTRATORS

A recent article by Jana- Kay Smith and Nick Smith has appeared in the
School Information and Research Service Bulletin (SIRS). Using a
conversational tone, the authors introduce administrators to four .common
cost-analysis methods, and provide examples to illustrate that these
techniques, as applied to the evaluation of instructional programs, are _

[}

The four formal cost-analysis methods seen as having the greatest

usefulness in education are cost-feasibility, cost-utility. cost-benefit,
and cost-eifectiveness analyses. The first method, cost-feasibility
analysis, is useful for determining whether a program is affordable
within budgetary constraints. The last three methods enable one to
combine outcomes with costs to determine the most cost-efficient

program. - Smith and Smith first discuss each cost-analysis method and
then apply it to the same hypothetical educational problem to help
highlight the differences in the methods.

In summarizing their article, the authors suggest that the
cost-feasibility methqds should be used when determining whether a
program is economically feasible under budgetary constraints. No outccme
data are taken into account using this method, and consequently there is
no evidence to suggest which program is more effective. 'Cost-utility
analysis goes one step beyond cost-feasibility and adds estimates of
program putcomes. Because the outcome data are estimated rather.than
actually measured, however, the reliability of the analysis can be
questioned, although it may be helpful in planning situations.
Cost-benefit analysis places a dollar figure ‘on program outcome which is
then compared to the cost of the program. It is often difficult to value
educational outcomes in dollar terms and, as a result, the usefulness of

15
20



CO$T COMMUNIQUE _ 2 . ' No. 4, February 1984

this method is generally limited to vocationally-oriented instructional
prodgrams. Finally, cost-effectiveness analysis involves collecting data
on program effects using traditional evaluation measures. These measures
are then compared to the cost of the alternati@es. Cost-effectiveness
analyses are appropriate for evaluating programs with identical or
similar outcome measures. ’

The authors recommend cost-effectiveness analysis, of the four
techniques, as the best method for use in the full evaluation of
alternative instructional programs. Only for programs like
vocationally-oriented interventions designed to improve student
marketability or job performance would cost-benefit analysis be the
preferred method. »

Ih conclusion, Smith and Smith point out that the differences between the
four major types of cost-analysis methods are clear and easy to
understand. Although conducting a cost analysis study can require

considerable time, effort, and expertise, it is stressed that
administrators already have a sufficient understanding of the basic

approaches to consider using formal cost studies in their own work.

ASPECTS OF MEASURING COST EFFECTIVENESS IN ’
EVALUATION~TECH§ICAL ASSISTANCE EXPLORED

Gary Estes' 1983 paper presented at the annuzs meeting of the American
Educational Research Association focused on ‘:he issues which need to he
considered prior to promoting "cost-effectiveness" strategies for
evaluating Chapter 1 Evaluation Technical ASsistance Centers (TACs) .
Estes makes the emphatic point in the paper that a need exists to be
explicit about desired outcomes, costs for providing services, and the
relationship between costs and outcomes. '

Decisions about "cost-effectiveness" should be based on a close
examination of (1) where resources are allocated or used, (2) the
specified outcomes, and (3) the hypothesized relationship between the
inputs and outcomes. For exagple, in regard to Chapter 1 evaluation
technical assistance, the workshops, consultations, phone calls, and so
on may be considered input since all of the TAC's resources are used to

: provide these services. The cost ingredients list regarding inputs

includes: personnel, travel, phones, materials, facilities, indirect
cost and fees, and other costs such as client travel and outside
consultarits. The anticipated effects of these expenditures, as defined
by the goals of Chapter 1 evaluation technical assistance, might be
defined as (1) the number of Chapter 1 reports submitted, (2) the quality
of the data in these repoits, (3) the utility of evaluation results in
making local decisions, and (4) client satisfaction regarding the
services provided. However, as Estes reports, specific effects/outcomes

and criteria for judging the magnitude of these effects are not clear.

el
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In the absence of clear criteria for these effects, previous studies
evaluating the cost-effectiveness of TACs have defined effects as the
number of services provided (e.g., workshops, consultations), as the
number of clients served, or as the number of client contact heurs. Such
studies substitute as the criteria for judging cost-efiectiveness, the
easily quantifiable means of providing service (i.e., consultations,
workshops, etc.) or, at best; the nominal effects of service (i1.e.,
clients served and contact hours) in place of the true goals of
evaluation technical assistance. He states that these criteria could
easily be viewed as input measures rather than as effects or outcomes,

Estes-1lists six additional criteria that represent the goals of technical
assistance as: number of reports turned in to the states by districts;
number of districts included in the state report; number of instances in
which services result in program modification or in a particular
evaluation approach being used; extent of client satisfaction with TAE
services; amount of local capacity built; spin-offs such as better tests

" or testing practices, and other programs using materials or ideas. He

goes on to say that the number of reports and the number of districts are.
quantifiable and could be collected. It is also possihle that the number
of instances of service impact or the extent of client satisfaction could
be quantiried albeit with greater’ e’fort and possibly less reliability.
‘Other criteria might also be scaled and collected.

Estes provides an extensive example of how one might determine cost-
effectiveness if workshops, consultations, phone calls, 3tc., were viewed
as the inputs for producing effects which were measured by criteria
related to the goal of getting clients to atiempt a provess evaluaticn
using a handbook. Such an approach would providé much needed information.

In conclusion, he notes thav: (a) it is critical to te informed with
data about where and how costs are cistributed for a program; (b) an
explicit agreement on the effects arnd criteria for effects is necessary
if a program is to know how to place priorities aimong goals and
objectives; (c¢) using information from (a) and (b) in making programmatic
decisions will improve efficiency in accomplishing gbals; (d) like
evaluations, cost-e.fect studies will be only one piece of informatior
which is used in decisions to continug, discontinue, or moGify a

program.

More information abou: "Cost-Effectiveness in Evaluation Technical
Assistance: Different Aspects of Measuring Cost and Outcomes," may be
obtaiped from Gary Estes, Director, Evaluation and Assessment Program.
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TAC ACTIVITY INCREASING IN
THE AREA OF COST ANALYSIS -

4

The Chapter 1 Evaluation Technical Assistance Center (TAC) has recently
engaged in three activities aimed at improving cost-analysis skills among
Chapter 1 personnel. :

e Cost-Analysis Workshop Offered .

. In December 1983, a cross-section of Chapter 1 teachers and
administrators, state and federal Chapter 1 evaluators, and °
Bureau of Indian Affairs personnel, were provided with an
introductory workshop on cost analysis methods. The workshop
was intended to introduce basic cost analysis concepts,
provide a structured forum for exploring the ‘possible

' advantages of cost_ studies, and help participants select

' appropriate cost methods. Participants reportedly appreciated
the workshop, especially the use of the ingredients approach
to identifying program components. Additional cost analysis -
workshops are being planned to help Chapter 1l staff apply
cost-analysis methods to specific Chapter 1 problems.
Peaders can learn more about the TAC cost-analysis workshops
by talking with Jana Kay Smith, Technical Assistance Center.

e Using Microcomputezs as Tool for Cost-Analysis and
Cost-Modeling Studies . :

The use of spreadsheet programs such as Multiplan and ;
integrated software such as Lotus 1-2-3 are being considered
in conducting cost-related sensitivity analyses. These
programs offer a powerful way to test the implications of
changing cost values ahd@ assumptions. A practical applica-
tion of these tools is in the assessment of national
Chapter 1 cost and participation data. They may also be used
to develop models which allow for different interpretations ‘
of the results of cost studies. Fovr example, the effects of
the following factors on the results of cost studies may be
modeled using microcomputer-based spreadsheets and database
programs: (a) different scaling propertics of outcome data,
(b) violations of scaling assumptions, (c) varying sample
sizes, (d) different rates of inflation, and (e) price
adjustments. Readers can learn more about the use of
microcomputers as tools for doing cost-analysis and cost-
modeling b+ talking with Steve Murray, Technical Assistance
Center.
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e Evaluation Technical assistance Staff Given
Inservice on Cost-Analyis ,

In October 1983, two training sessions were held for staff
from the Region 2 Technical Assistance Center, representa-
tives from the United States Department of Education. One
.session focused on cost-analysis as applied to Chapter«l
ptograms, while the other session addressed the issue of the -
cost-effectiveness of TACs. As a result of the session,’
Region 2 is considering a needs assessment of SEA and LEA
evaluators.reqéiding their interest in cost-analysis
training and technical assistance. For more information
about other TACs'.activities in the area of cost-analysis,
cdontact Steve Murray, Technical Assistance Center,

COST STUDY OF LOCAL SCHOOL DISTRICT'S
INSTRUCTIONAL MANAGEMENT PROGRAM PROPOSED

v <

A proposal for doing a cost study of a computer-based instructional
management system is currently being developed. The proposed study would
assess the cost-effectiveness of a system which provides computer-
generated printouts to teachers for the purpose of planning and monitoring
students' programs. The system is based on computer scored and/or
recorded tests and the resulting reports generated by the computer. A
design combining cost-feasibility and cost-utility elements is being
proposed since the data needed to conduct cost-effectiveness or
cost-benefit studies are not available. The cost ingredients of the
system have been identified as (1) cash costs such as teacher aides, data
processing, and the program coordinator, and (2) non-cash costs such as
teacher and schoql level ‘administrator time. The value of the outcomes
of the system (i.e., instructional management information) will be
assessed by having teachers, principalq? district administrators, and
other staff “g-end" a hypothetical "budget" of $100, $1,000, or $10,000
on various outcomes. For more information on this proposed study, '
contact Bill Savard, gvaluation and Assessment Program. °

SHARE YOUR COST RELATED WORK

If you are engaged in any studies, technical assistance, or other
activities that involve cost analysis, share your insights, problems, or
results with CO$T COMMUNIQUE readers by letting PetLr Gray (ext. 387)
know,

CO$T COMMUNIQUE is a periodic internal publication from the Research on
Evaluation Program, Northwest Regional Educational Laboratory. OQuestions
concerning CO$T COMMUNIQUE should be directed to its editor: Peter J.
Gray .extension 387).
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FOUR DIFFERENT APPROACHES TO COST ANALYSIS

Cost analysis as envisioned in this. nawaletter can be a formal or an
informal activity based on academic cost analysis techniques or on
practical budgeting and accounting methods. As we reflect on our
experiences in confronting cost related problems in school districts and
other real settings, it is clear that in many cases formal techniques are-
more appropriately seen-as hueristic devices rather than as prescriptive
procedures. This newsletter is dedicated to the recognition that costs
play an important role in program evaluation.

In tpis issue, four practical uses of cost analysis are described. Thret
of them 3re related to Chapter 1 technical assistance work and the other
is related“to a program evaluation contract with a school district.

The - first Chapter 1. example demonstrates microcomputer based analyses of
comparative cost effectiveness data. The microcomputer is shown to be a
valuable and powerful tool for cost analysis. The second Chapter 1
‘example concerns the relationship between changes in funding at the
national level and the extent and type of services provided to Chapter 1
students. The relationships demonstrated have evaluative ‘mplications,
but the analyses do not fall precisely under any of the four cost
analysis methods, namely,.cost feasibility, utility, benefit, and
effectiveness. Nonetheless, they are valid uses of cost analysis
concepts. The third Chapter 1 example describes a workshop on cost
analysis that is currently being offered for schoul admipistrators. Its
purpose is to help them apply streamlined ccst analysis techniques to
everyday problems. The final example of cost analysis concerns the cash
and non-cash costs associated with a computer based instructonal 5
management system. In this case, cost data are used to illustrate where
program improvement may most appropriately focus.

| ANALYZING COST EFFECTIVENESS VIA MICROCOMPUTER

Chapter 1 projects may have many different configurations in regard to
the use of aids, materials, and other resources.. Various configurations
may result in different start up and operational custs, average normal
curve equivalent (NCE) gains, and cost effectiveness ratios. -Steve
Murray has developed the following tables tu illustrate how presenting
data about these resulting factors in varying formats can help one
interpret the cost effectivenegs of different Chapter 1 programs.
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SURRARY Ur PROJECT COST AND DUTCORE INFORMATION
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The general format of each of the preceding tables is the same. That is,
they each represent a summary of project costs and outcome information.
The project code letters are listed down the left side of the table
followed by the comparable cost per student in.the form of acquisition,
operational, and total costs. Next, the average pre~ and post-NCE score
and NCE gain for each project is listed. PFinally, in the far right

" column the cost effectiveness (C/E) ratio is shown. This ratio is the

result of dividing the total cost per student of each project by the
average NCE gain. What differs in the tour tables is the way the data
for the projects are sorted. ' . .

Using a microcomputer based spreadsheet program like SuperCalc or an
integrated program like Lotus 1-2-3, it is possible to enter the data
needed to set up the first tableswhere the projects are simply listed in
alphabetical order. This layout is useful in that it is relatively easy
to find a particular:project, but it is not so easy to compare projects
in terms of total cost, average NCE gain, or C/E ratio. With programs
like 1-2-3 and SuperCalc, one can sort the data used to set up the first
table by these other areas, The resulting- formats are shown in tables 2,
3, and 4. Using these tables one carn easily 'find the programs that are
least expensive, have the greatest NCE gains, and/Qr achieve the lowest
C/E ratio. The advantage of using a microcomputer for such analyses is
that once the data are entered, the generation of any of a variety of ¢
tables is left up to the software program and no additional work is
required of the user except to specify the type of ordering to be
performed. This is far less labor intensive than having to hand-type
each new table. ’ . ,

Ir addition to being a convenient way to organize the presentation of
comparative cost: data, the microcomputer can also help one to betfer

understand the limitations of cost effectiveness comparisons. Using

another set of data, Steve Murray has produced the following table to
show how sample size and the related margin of error in NCE gains can
influence cost effectiveness estimates.

The implications of using different estimated gains (low, middle, and
high) based on the error associated with different sample sizes are worth
noting. Using the low cost effectiveness estimate (i.e., cost per
student/ reporteéd NCE- gain + NCE error) the projects fall into the
followirg order: B ($67), A ($87), C ($92), E ($111), D ($130). The same
order is obtained using the middle estimate (i.e., the one listed in the’
table): B ($111), A ($133), C ($167), E (8$175), D ($225). However, using
the high cost effectiveness estimate (i.e., cost per student/ reported
NCE. gain ~ NCE error), the order of most cost effective to least cost
effective program changes entirely as follows: A ($286), B ($316),

E ($422), D ($844), C ($913). Clearly, one should consider the effect of
measurement error when cémparing programs' cost effectiveness.

For more information on the use of microcomputers in doing the kinds of
analyses shown in these tables and on their implications, contact Steve
Murray, extension 404. ’
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_ CUST-EFFECTIVEN-SY ANALYSIS WORKSHEET : -

Progran @ - Progran @ Prograsn C -Program D Prooras E
Rt R iR AR AR R Rt P RE iR Rty itttiipgtinegitegeipietiitetiiqsiiietittitiets

lotal Costs 20,00 $20,000  $20.000 820,000 .$20,000

MusDer Served . W v B ( E 15
Cost Per Stugent LW S5W seb] 82,00  $1,333
Nt bain . R 4.50 4.00., 8.90 1.60
Sasol e (N) T 30 24 6 13
CCost-Efiectiveness (oW 847 $67. W2 8130 1
Cost-Effectiveness \Rid) us sl s 92 s
Cst-Effectiveness i %86 SSl6 WIS M WD

O T A L A L T TR )
NCE Ervor: N(6) = + 6.53; N(13) = + 4.44; N(16) = + 4;
N(24) = + 3.27; N(30) = + 2.92.

i TRENDS IN TITLE I/CHAPTER 1 FUNDING AND SERVICE LEVELS

The recent changes in authorizing legislation, from Title I to Chapter 1,
and th. change in' the overall appropriation to school districts have
heightened interest in federally funded compensatory education. However,
the sources of information useful in tracking such changes are often used
in isolation from one another. And to date there are no comprehensive
summaries of the various sources of information. As a result, the
picture of what is happening in Chapter 1 is fragmented at best.

A paper presented by Steve Murray at the Spring Conference of the
Washington Educational Research Association aggregates existing data
sources to address two policy questions of interest at the local, state,
and federal levels. These questions are:

1. How has the national funding level for basic Title I/
Chapter 1 grants to districts changed since 1979-80?

2. What are the associated national trends in Title I/
Chapter 1 participation? '

The paper is a woxking document. It is suggestive rather than
definitive; it outlines areas for study rather than closing off study.
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Murray summarizes the conclusions of this paper under the following three
topics: '

Punding level: When corrected for inflation (using annual
increases in teacher and instructional aide salaries paid),
dollars appropriated to districts declined each year from 79-80
through 82-83 with a slight increase in 83-84. By 83-84, the
cumulative effect of appropriations from 79-80 amounted to a
28.1% reduction in support for Chapter 1 programs.

Participation from 79-80 through 81-82: Overall, the number of
students served dropped bL_° 9.9%. However, in the aggregate,
districts have tended to redute services disproportionately in
high priority areas (e.g., reading and mathematics- programs and
‘elementary programs). The proportion of students receiving
services in more than one program area may have also dropped
slightly." - ’

Punding and Service: The number of students served relates, on
the average, to the overall budget cut.. By adjusting for- -
iriflation and improving the validity of the data on students
served, the relationship is closer to proportional than using the

~ more superficial measures. Moreover, analyses show that using
superficial indicators of funding and service underegtimates the
impact of budget cuts on Title I/Chapter l. ”

Murray states that the data are equivocal regarding the question as to
whether the changes in funding and service suggest more oOr less efficient
programs. - He points out that the reduction in the number of students
served from 79-80 to 81-82 was somewhat greater than the reduction in
appropriations before correction for inflation. While this might seem to
suggest less efficiency, correcting for inflation depicts what could be
the opposite trend of increased efficiency.

Noted in the paper are two reasons to be suspect of either conclusion.
First, dollars appropriated, whether or not corrected for inflation, do
not match dollars available for 2 given year as funds can be carried over
or reallocated from the prior year. Adjusted dollars appropriated, thus,
can be a misleading measure of support. It is reasonable to expect some
school administrators to use carry-over to pbuffer significant cuts. The
net effect of this carry-over management would be to delay or mask the
effects of budget cuts. A second reason for not concluding that the
schools were less efficient in 81-82 is the use of participgpt count as a
measure of service level. ’

In addition to possible changes in reporting practice from year~to-year,
there is a more significant problem in using an aggregate count of
participation as a measure of service level. Namely, there is no reason
to expect the cost of services per student to be equal across categories
of service or even across time. In other words, a count can have '
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different cost implications depending on the program, the service area,
and the year in which the count is taken. A 1976~77 study of
compensdtory education program costs found, for example, that Title I
reading programs required about 1.6 times more financial support than did
Title I mathematics programs in grades 1-6.

In general, this paper highlights the difficulties of using national data
collected for differing purposes] to answer speeific cost questions..
Murray does an excellent job of inting out possible interpr-~tation of
the data while adding important cautions. '

4

COST ANALYSIS WORKSHOP

A workshop on cost analysis for school administrators has been developed
which provides an introduction to four coat analysis methods. This .
workshop teaches skills needed for selecting the most appropriate cost
analysis method to use in the evaluation of an educational program.
Developed by Jana Kay Smith, thiu cost analysis workshop has been
conducted in educational agencies in Arizona, California, and Colorado.

The three-~hour worksbop begins with a discussion of the rationale for
conducting cost analysis atudies. The participants are introduced to
potential applications of cost analysis methods, beginning with 2a
discussion of eight common questions that can be answered by these
methods. These are questions often asked by administrators, program
coordinators, program participants, and even members of the community.
For example, community members may ask, "What are we getting for our tax
money?"

Once the purpose of cost analysis methods in educational evaluation is
made clear, four methods, cost feasibility, cost utility, cost benefit,
and cost effectiveness are defined in everyday terms. For example, the
participants are encouraged to imagine themselves on a car lot looking at
new pickup trucks. They are given the scenario that they have saved
$6000 to buy a new truck (and don't want to use credit). They see

Truck A for $5500 and Truck B for $7500. Which purchase is feasible
within their financial constraints and which is not? Obviously, it is
feasible to purchase Truck A. This is an example of coct feasibility
reasoning.

Suppose, however, the participants wanted to go beyond feasibility and
try to get the most for their money? If hey were in farming and wanted
the truck to haul hay, they might look at the power of the trucks. In
this case, Truck A will haul up to 3 tons of hay, while Truck B will haul
up to 9 tons of hay. By comparing the ccst of the trucks to their
hauling effectiveness, you can see that it will cost $1,833 (5500/3) to ,
haul a ton of hay with Truck A, compared to only $333 (7500/9) to haul a
ton of hay with Truck B. Clearl’, Truck B is the most cost effective
selection.
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After the participants understand the difference between the four cost
analysis methods, examples of applications of these methods to
educational evaluation are described. A flow chart iz used to duiineate
the steps of method selection.

The workshop concludes with a discussion of methods of "streamlining” the
steps of valuing ingredients and measuring outcomes. For each step, a
minimum of four streamlining techn/ques are offered. For example, in
gome cases, only the largest ingredients might be listed, or already
collected measures of outcomes may be used. The effect of each ,
streamlining technique on the reliability and validity on the study |is
emphasized and participants are-encouraged to consider adopting an§ of
the streamlining techniques only with caution.

Development of the workshop was funded by the Region 4 Chapter 1
Technical Assistance Center and the Research on Evaluation Program. For
more information about the cost analysis workshop, contact Steve Murray.

PROGRAM EVALUATION/COST ANALYSIS COMPLETED

Bill Savaré has completed a study of the costs and associated effects of
a math and reading objectives baased instrictional management system. The
intent of the study was to provide information to school district
decision makers regarding the system. A major portion of the study dealt
with finding cut the feelings about the program on the part of the people
associated with it (including teachers, principals, and aids). 1In
general, the program has the support of most of those involved, although
approximately 60% of tae regular teachers and 44% of the Chipter 1 ’
teachers see problems with it at present. .

These resnlts suggest “lat the system should be retained but that changes
should be made. Cos- data were reviewed first to determine whether the
cost per student for the system was reasonrable and second to determine
what monetary” impact changes might have. <Costs were broken out item by
item to ¢etermine per child cosats. '

In order to calculate per child cost., Savard used thLe averuge daily
membership (ADM) figuze of 8,587 for 1932-63, for grades 1-6, supplied by
the district. Average daily memhership is usually higher—-than average
daily attendance (ADA) but lower than total enrollment and perhaps
provides the most realistic base for calculating per child costs. The
overall per child cost was $55.62. Of this amount, approximately $1.66
is attributable to che district office, $48.06 to the school level, and
$5.90 to data processing. Within the data processing costs, $.70 per
child was for paper, forms, answer sheets and other supplies. Within the
school level, cost was $12.06 per child for aides and $31.23 for teacher
time. '
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Examination of the various cost categories reveals that some can be
described as cash costs, others as non-cash costs. Cash costs can be
defined as being directly attributable to.the program and which could
reasonably be expected to be saved if the program were eliminaied.
Non—-cash costs are defined az being either directly or indirectly
attributable to the program, but which could.not be reasonably expected
to produce cash savings if the program were eliminated.

In summary, it would appear that the system costs about $477,644 per
year. About a third of that, $151,149, is made up of cash costs. This
amounts to about $17.60 per child. The other two-thirds of the total
consists of non-cash costs, costs which would remain even if the program
was eliminated. Several non-cash cost categories were identified that
deserve particular scrutiny, including district office staffing (perhaps
not enough), principals' time (perhaps not enough), and teacher time:
(perhaps not used efficiently). Making changes in such non-cash cost

© areas would not result in budget increase.

P

Savard has effectively united program evaluation and cost analysis into a

» synergistic whole. This has been achieved -by looking not just at the
reagsonableness of the costs of the system but also at the cash and
non-cash costa of the system and then relaling these to potential
modifications of the system suggested by input from those associated with
it. For more information about this study, contact Bill Savard,
extension 342.

CO$T COMMUNIQUE is a periodic internal publication from the Research cn
Evaluation Program, Northwest Regional Edncational Laboratory. Questions
concerning CO$T COMMUNIQUE should be directed to its editor:

Peter J. Gray (extension 387).
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Three studies are reported in this issue of the CO$T Communique. Th;

~ first is a study of state education agency (SEA) evaluation units

regarding their past, present, and anticipated future uses of cost
methods. The second is a similar study of local education agencies
(LEA) .~ Both of these studies were conducted by the Research on
Evaluation Program. The third study focused on alternative Chapter 1

- elementary reading programs. It was conducted by tha Assessment and

Evaluation Program.

SEA STUDY

'Of the 50 state departments of education contacted in this study, only 37

had centralized evaluation units in 1983 and 29 of them (78%) responded
to our questionnaire. Although a few evaluation units had done as many
as a dozen cost studies in the past five years, the mode was clearly
zero. 3ingle program cost descriptions and cost~feasibility analyses'

. were the most commonly done studies. Although the number of studies done

was low and the methods used were relatively simple, the units doing cost
astudies reported being pleased with the impact of their efforts. :

Surprisingly, 48 percent of the units said there ‘vas currently a formal

expectation or requirement that they do some form of cost analysis work
and they estimated devoting an average of 11.5 percent of their budgets
to cost work. Pifty-nine percent of the units anticipated having a -
formal requirement to do cost studies in the next five Years and expected
to spend an avetage of 17 percent of theiz budgotl for that purpose.

When we asked why the units were not currently doing more cost studies,
some respondents said that they were simply not being asked to do them.
Most respondents, however, said that it was difficult to relate cost data -
to educational outcomes and that they had few examples, texts, or
guidebooks to follow in conducting cost studies.

The evaluation units did expect to be using a wider range of cost methods
in the future, especially cost-utility analysis and cost-feasibility
analysis. PFew of them expected to be using the more complicated methods
which include actual comparisons of costs with outcomes, such as
cost-effectiveness and cost-benefit analysis.

When we asked why they didn't use cost-effectiveness analysis more (the
theoretically best method for this work), they reported either not
knowing much about it or thought it was simply too complicated. %

For more information, contact Nick Smith, Research on Evaluation Program.
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LEA STUDY

Of the 67 metropolitan school districts surveyed in this study, 52 (78%)
completed the guestionnaire. Most evaluation units had had sGhe
experience with cost analysis methods, particularly with cost
descriptions and cost feasibility analyses. Although, in general, the
number of studies done was low and the methods used were relatively
simple, the units doing cost studies reported being pleased with the
impact of their efforts. S '

At the time of the survey, 21 percent of the units said there was
currently a formal expectation or requirement that they do some form of
cost analysis work, and they estimated devoting an average of 3.3 percent
of their budgets to cost work. When asked to project future requirements
to conduct cost analysis work, 71 percent anticipated having a formal
requirement to do cost studies, and expected to spend an average of

9 percent of their budgets for that purpose. Clearly, the respondents
anticipate conducting more cost studies in the fucure.

The impediments or problems in conducting cost analysis studies were also
investigated. It was evident that as experience increased (measured as
total number of cost studies conducted in the past S years), the
impediments or problems in implementing cost studies decreased. Since
the pumber of cost studies conducted by school districts is expected to.
increase over the next few years, we would expect evaluators to have

fewer problems in doing cost studies.

For more information contact gick Smith, Research oh Evaluation Program.

ALTERNATIVE CHAPTER 1 PROGRAMS

This study concerned an evaluation of three alternative remedial reading
programs used at the intermediate level in Chapter l programs. Three
elementary schools were involved in the study. The three instructional
programs were: 1, computer assisted instruction; 2, computer managed
instruction; and 3, an individualized instructional program guided by
reading specialist without use of computer technology. A cost benefit
study was commissioned to determine the relative merits of the three
instructional approaches.

The purpose of the study was to document the relative costs, utility, and
benefits to identify which program provides the greatest benefit per
dollar. In this instance, the effectiveness in increasing student
achievement was equal for the three programs, while the costs varied a
great deal. On this basis alone the traditional program was the most
desirable. Other utility considerations such as curriculum alignment and
skill mastery rates suggest that the computer managed instruction program
was also worth further consideration. 4
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The computer assisted program is effective and received good ratings of
quality and utility. Unfortunately, it is both costly and has poor
alignment with the district's adopted reading curriculum. Other
evaluation information, such as student attitude, was not collected for
this study, which might have supported the program. This study

"~ i{llustrates the breadth and depth of information that can be added to an

evaluation through cost analysis methods.

For more information contact Steve Nelson, Assessment and Evaluation
Program.

7 -

EDITOR LEAVES

With this issue of the CO$T Communique I leave the'Laboratory to assume |
the position of Associate for Evaluation at Syracuse University. Please
feel fre» to contact me at:

Pet2r J. Gray

Syracuse University

Center for Instructional Development
115 College Place

Syracuse, N. ¥. 13210

(315) 423-4571

w

CO$T COMMUNIQUE is a periodic internal publication from the Research on
Evaluation Program, Northwest Regional Educational Laboratory. Questions
concerning CO$T COMMUNIQUE should be directed to Program director Nick
Smith (extension 384). + '
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MATERIALS FOR A WORKSHOP ON USING
MICROCOMPUTERS IN EVALUATION AND ASSESSMENT*

S INTRODUCTION

3

‘The purpose of this workshop is to introduce participants to. the many and

varied uses of microcomputers in evaluation. Microcomputers may be
thought of as very powerful all purpose tools., They can be of-benefit at
every stage of the evaluation process. As shown in the figure below,
they can be used from proposal writing and planning to reporting.

The diversity of software programs which have specific uses is what makes
mictocomputqra so versatile. With word processing programs a computer ~
can be used to create, edit, and print textual material. With electronic
spreadsheets and statistical programs computers can be used to record,-
manipulate, analyte, summarize, and report numbers. With graphic
programs computers can be used to commmunicate information in visually
attractive and understandable ways.

Bach of the major types df‘ptog:ans listed below is described in this

'booklet. Those descriptions consist of a discussion of the concepts

related to each program type, a sample of representative commercially
available_pzogzams, and a list of references for more information.

SUMMARY OF EVALOATION USES OF MICROCOMPOTERS

word Data. Test Calc/ Graphic Telecony/
Activities Proces, Bases Genera. 3tats Present. Network,

Proposals & o . : '
Planning Y X X X X X
Management X X X ' X
Data

Collection X X . X
Data . .

Analysis X X . X
Reporting X X X

*Adapted from Research on Evaluation Report No. 89 of the same
titl. by Peter J. Gray and Dennis Deck, Northwest Regional
Educational Laboratory, Portland, Oregon, November 1983,
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WORD PROCESSING .

- ”

The main concept behind word processing is the notion of asdocuﬁent,
that is, a letter, book chapter, entire report, proposal boiler
plate, or any discrete body of textual information. The creation of
such a document starts with the use of.a keyboard, more or less like
a standard typewriter, to enter the text into the word processing
system, Pormatting, editing, merging, and printing are the four
things that a word processor has to offer in addition to simple
typing of text. o ;

[}

Formatting

_There are some features of,word processors which heip to arrange

words on a page as a document 1s created. Formatting refers to the
arrangements of the words themselves. Like a typewriter, a word
processing program allows you to indent the first word of a paragraph
or to tab the headings and subheadings of an outline. It is pussible

" to automatically center headings. Whole blocks of text can be

indented and single spaced. In fact, the spacing between linés can
be altered by using the return key ju like on a typewriter. 1In
addition, some word processors allow avtomatic underlining,
subscripts, and superscripts, Special features include the creation
and editing of multi-columns of text or tabular information and the
creating of footnotes. '

-

Editing . - -

Once text has been entered, extra letters, words, and so on, can be

inserted or deleted without having to ret the surrounding text.

The word processing program automatically rearranges the text to
accomodate these changes. In fact, words, phrases, sentences, and
whole blocks of text may also be moved from one part of the document
to another if the order of things needs to be.changed.

Another interesting feature of most word processing programs is the
ability to search for a particular word, such as one that may have
been consistently misspelled, With most word grocessots it is

possible to automatically replace- th -another one, such-as
the correct spelling of a misspelled word, wherever it occurs,

There are even programs called spelling”checkers whichLare electronic
dictionaries. They "look at" each word in a document nd check to
gsee if it matches the words in the dictionary. ' I1f not, the worddis
presented for a decision about its carrectness. .Still more
sophisticated are programs that .check for diction, style, and clear

wording such as the one being developed by Bell Laboratories.

-

Northwest Regional Educational
Laboratory, Rortland, OR
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Merging

Since word processed documents are stored electronically, it is
usually possible to combine them in various.ways, The simplest
way is to attach one document to another. For example, the parts
of a proposal that were created as separate documents can be
~linked with a standard institutional description and disclaimers
a without having to rétype or cut and tape them into place., Whole
.letgers may be built of smaller blocks selected from a variety of
paragraphs that provide different options for reporting results

to various audiences. 0ld text may also be merged with new text
as when a standard letter is customized by adding a unique

beginning 2nd ending, or by searching and repld%ing a symbol
(such as "*"; with the name of a particular person. In this way ,
names, addresses and text can be merged to produce personalized
form letters,

- Blank forms such as activity logs can also be created and stored.
They may be retrieved and completed for individual events and
then stored again. At the end of a project the logs may be
printed to document the activities which took place.

Printing. , .'

Some of the formatting features described above may have already
set the general layout of.a page, but with many word processors,
* f£inal choices are made at the time of printing as to where the
' text is to appear on the printed Fage.

The first concept here is margin, that is, the blank space at the
top, bottom, left, and right of the words. In most word _ .
processing programs you set the margins at values which are 1ised
most commonly (for example, letters or manuscripts), and only

- make changes for special cases (for example. outlines). When
printing-a document one must also decide if the text is to be
rigut justified, that is, whether the words are to line up on the
rign. side of the page in a straight line as they do on the left
side of tha page.

-

&eadere~end—footere—which—do—nét‘appelr”tn“EHE‘Eiif‘ﬁi? bé added.
at the time of printing. Page numbers maz.also be added
automatically at the top or bottom of the page by the program as
the document is being printed.

Spacing between th: lines of text is often chosen at the time of
' “ printing (i.e., single space, double space). It is also possible

to adjust the number of lines of text on a page, or to put it

another way, to decide where each page stops, so that there are

no widows or orphans at the top or bottom of a 'pege.

In summary, word processing programs provide flexibility in the

organization of text from its initial typing, to editing, to
merging with other text, to printing.

~
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A Sampler of Word Processing Programs

The programs presented in the following table are just a sample
of the nearly 110 word processing programs available. There aie
many competito:s, especially at the middle and upper price
ranges., The articles in the reference list°provide detailed ,
evaluations of programs in terms of their specific features.

_Program Company Cost System Comments
- Bank Bruderbund $70 Apple The Volkswagon of word .
Street . : procersing programs. This
Writer. ; menu driven program is ideal
: for draft production and other
every day uses. “
Pie Hayden - $150 Apple ‘Has many features of more
Writer _ sopiiisticated programs, but

it takes some practice to
be able v se them all.

Electric 1JG $86 TRS~80 Like Pie Write, a good low ’
Pencil Computer cost ystem., This one for .
Services TRS-.0 machines.
Wordstar Micro $495 CP/M The top of the line program
Pro IBM with most of thu features of

professional word proeessors.

AN
4
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DATA BASE MANAGEMENT

’ -’
A microcomputer data base may be thought of as an electronic filing
system. Like a paper f£iling system, a data base consists of a
. consistent set of records. . Each record is a completad form and on
- each page of the form there is specific information. The 1tems of
informatio. on the page are called fields. For example, the first
pPage of a student data base might have fields which contain an
identification number, the student's last name, first name and middle
initjal, the student's grade, teacher, and school, sex and racial
dataj and any other demographic information needed. The second page
of a\student data base may have a set of test scores over a number of
years., The third pace may have parent information, such as parents'
names, work and home addresses, and so forth. Togetler, the
completed pages of this form make up one student record, and all of
the student records created using this form constitute a file.

Let's look at the gener&l chatacteristics of data base management
progranms,

Function: . Facilitates the storage, retrieval, and .
repor=ing of information
) ’ V“‘(
Prngrams: ¢«PFs Fille, DB Master, dBase II
Advantages: Handles many kinds of information

Viary flexible can be used to create many
different files (e.g,, student records,
personnel records, equipment inventories)

Easy to maintain information by editing,
deleting, updating, sorting’, and indexing
records . '

Can be used to retrieve information about
individual records ¢ about groups of
records meeting certain criteria

Disadvantajes: Requires considerable time to set up
Requires time to learn the operation of the
more complex programs
Limited statistical analysis-)
Requires trained personnel to maintain the
data base

There are three sets of concept related to data base management that
will help you understand what data bases are and what they do. One
set concerns getting up a file. Another set has to do with how to use
a data base management system. And the third set concerns generating
reports.

Northwest Regional Educational
Laboratory, Portland, OR



Setting up a file

There is a considerable amount of planning that has to be done so
that (1) the creation of a data base can be accomplished in an
efficient manner and (2) the data base will have maximum
utility. The first step is to decide how the file is to be
organized; that is, what the primagg key is to be. The primary
key has the same relationship to.a base that a main entry
card catalog has to a library. The "records® in the library are
organized by some shelf location code. This code consists of an
indicator for the subject area, a code for author's last name,
the publication date, a title code, the copy number, and so
forth, until that "record" is uniquely identified. Similarly,

the primary key is a code for each record in a data base. It may '

be as simple as a Social Security number or it may be more

complex and, for example, consist of last nanme, first name, and
birth date. ' '

It is often the case that recbrds are not eritered in primary key
order. For example, the students in grade one ay be entered
after the students in grade five, even though their
jdentification numbers come earlier in the sequence. The primary
key is used by the program to f£ind each record. The shorter the
key, the quicker the program will be able to operate. Of course,
there are many ways to organize the records in a data base. 1In
fact, they may be sorted according to any of the fields in a
record. These other organizations are called secondary keys and
are very helpful if the user wishes to review a group of records
organized in a particular way, say, by zip code and in
alphabetical order by parent's las. name.

Once the primary key has heen estaplished, the next step is to
lay out the rest of the fields in a record. These can be
alphabetic, numeric, or special fields, such as yes/no, social
security, telephone, date, and so on. The fields or a record
should be organized into logical sets and may he allocated to '
separate pages if necessary. The final step in‘creating a data
base is to determine the format which will insure.its utility.

In many cases the data base will be created as you specify the-
fields on each page of the form. Therefore, it is important to
have a good idea of the physical layout of the screen pages, the
basic characteristics of each field (i.e., the type of
information and the amount of space to be allocated to it in the
data base), and the special characteristics of each field (e.g.,
primary key, computed) . Then you can follow the program
directions on the actual setting up of the data base.

13
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Using a data base

Once a file has been created it may be put to many uses. The
initial use is to add records. When this choice is made, the
program will typically display a blank first page of the data

' base form.. The user simply begins antering the information field
by field. Let's look at a couple of ways to save time when

entering information into a data base. <

There are times when you will not want to enter all.of the
information in a data base at once. An example might be when the
test scores from the second year of a five-year program are
ready. It would be a waste of time to have to move page-by-page
and field-by-field through a form to get to the appropriate
place,. 1Instead, it is possible to extract just those fields
needad to identify each record (i.e., the primary key) and those
fields that need to be changed and to put them together into an
abbreviated form. When data are entered and saved, they are
inserted into their proper place in the larger record.

Another way to speed data entry is to use default values. These
can be specified at the time when the data base is first
created. Default values are those that will be used again and
again, for example, a particular telephone area code. In other
cases, temporary default values might be specified when a set of
records are heing added, for example, all of the reading scores
for the thiri~graders in Crest Drive School. A good data base
management program will facilitate the entry of data by allowing
you flexibility in formatting the pages in your form, by giving
you the option of creating short forms, and by providing you with
the ability to set both permanent and temporary defaults.

After rucords have been entered, it is then pbssible to search
for a particular record or a given set of records. In some

orngrams, an extensive list of options for searching the data
base is available. PFor example, you may wish to search for
records which fall within a certain range such as Aa to Cz, Or
there may be a need to find all of the records which start with a
particular ptefix, such as NWRELXXXXX. Sometimes records with a
particular string of letters or numbers are desired, as in a
gsearch for all of the materials which include the word
microcomputer. When the exact spelling of a word is not known, a
search can be conducted which will find any word that has all the
letters except the unknown ones (e.g., GR?Y). All of the
relational signs can also be used to direct a search,

including: =, €,7, and their various combinations.

Often these different types of searches can be linked together by
an AND or an OR condition. For example, you might want to
specify two discontinuous ranges, In this case you would simply
indicate the first range and then link it to the next one with an
OR statement.
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Having found an individual or group of records, it is then
possible to edit or delete them. Deleting simply removes the
record from the data bade. Of course, you must Le sure that you
want the record deleted. It is often a good idea to have archive
files of old versions of a data base with records that have since
been deleted, just in case you wish to retrieve them at some
later date.

Editing a record means cqrrecting, updating, or‘adding
information. Using a short form is a convenient way to edit
records. For example, a short form that just has grade level,
new clas#¥oon assignment, and end of the year test scores can be
used to quickly update student records., Often you may want to
send the edited record directly to a printer so that you have a
typed copy. There are, however, more sophisticated ways to print
out the infomation in a data base.

Printinggggports

Generating an interesting and informative report i's one of the

- most exciting and zevarding uses of a data base management
system. There are four different formana .hau. have to be
specified in creating a report, namely, page format, data format,
sort format, and select format. They form the cc.umn headings
for the following table with their respective sub-formats falling
under each heading. ‘

Page Format " Data Format Sort Format Select Format
page " comment lines sort fields record

number ing column titles subtotal chacteristics
report dating computed fields break fields (range,
lines/page data fields page break includes,
continuous/ comment fields fields starts with,

single sheet horizontal sub- (column relationals,
lines between & grand totals totals)- AND / OR

records record numbering conditions)
labels code fields

report width

Creating a good report takes as much planning as setting up the
data base to begin with, but once it is created you can use it

and/or its parts again and again,



Summary

Data base management packages are one of the more useful tools
available in the microcomputer toolbox. A good strategy for
developing an understanding of how these programs work is to
start with a simple one like Visirile or PPS File. As you gain
experiencé in designing more demanding data base applications,
you will outgrow these prograxs and look fur a package with the
extended capabilities you now need.

To_design an application, try the following process:

l. Deternmine your goals. Be clear about what you want to
accomplish with the data base.

2, Specify the data needed. Sketch the types of reports you
expect from the data base. Develop a list of needed
fields. Consider the requirements of each field.

3. Design the reports. Refine the sketches of reports and
iayout on graph paper.

4. Set up the data base. Enter the data base as you have
designed it. Enter some sample cases and format some

simple reports.

5. Revise. Learning from your initial mistakes, start over
with an improved design. Repeat as necessary., Now
format the standard reports you designed.

6. Pilot test. Ose the deéa base on real data for a period
of time. Manually confi:m that the results are correct.
Plan on tevising again. _ :

Three olanning aids are attached at the end of this section:

data buse planning checklist, data base estimation worksheet, and
a summary of software specifications.

Available Software

There are perhaps a hundred different data base management
pPrograms available on the market, ranging in price from ten
dollars to over a thousand. Obviously, all data base programs
are not created equal. It is useful to distinguish between three
types of programs: file management programs, true data base
Systems, and text-oriented data base programs.

File management programs can only access information from a
single file at a time. .This is fine for a simple mailing list
but not for an accounting system that must keep vendor
information in one file and detailed information about specific
orders in another. These programs are typically easy to learn
and use but are limited in the amount or type of information they
can store,
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on llrge mainttame computets, data base progranmns must be able to
access the information you want, even if the data are maintained
in different files. For example, the.request "please list the
addresses of students who were in Chapter 1 last year and scored
below tha 35th percentile” would require data from an address
file, a Chapter 1 participation f£ile, and a cest score file.

File hanagonont and'data base programs usually limit the size of

.a field to less than 256 characters or the record to less than

1000 characters. That is adequate for most applications, but not
if more than a sentence is required for any one field, A-
text-oriented data base allows fields to be a single word or a
whole page. It is usually possible to search the data base on
key words. Thuse data bages are well suited for maintaining
research notes, observations of students or staff, or
bibliographies.

Some popular programs includes

Program Vendor Cost- System* Type _ Comments
Visifile VisiCorp $250 Apple £ile easy to use but

management limited capa-

bilities

PFS File Software $125 Apple . file easy but
PES Report Publishing IBM management limited, need
both programs
DBMaster Stoneware $230 Apple file many features
IBM management but a little

difficult and
tedious to use

Infostar MicroPro $500 CP/M features sophisticated
- IBM of both data entry and

: report genera-

tion features

dBASE II Ashton- 3700 CP/M database great flexibil-
Tate IBM management ity with built-

' in language,

programming

skills

recommended

Datafax Link $250 Apple text . gasy to use,
Systems IBM oriented free form input

like a manual
filing system

* Apples and certain cther microcomputers can run CP/M software
with the addition of a special circuit board.
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INSTRUMENT GENERATION

A godd instrument generation progzam should have the following
characteristics:

'@ easy text entry and editing for item creation and
: modification

e  convenient and safe data storage so that items can
be quickly manipulated and reliably saved

e -gimple item retrieval to facilitate the development
of a complete instrument - .

® flexible printing options for generating
instruments, including last-minute editing of
items, as well as the creation of headings and
special directions .

Text Entry

Flexibility in text entry is the key characteristic that a
program needs in order to ease the task of developing items. A
good program will allow both immediate modification of items and
modification subsequent to their creation. Modification might
include altering an item by:

inserting or deleting material
reformatting

adding options (i.e., responses)
changing the item's descriptors

These characters facilitate the continuing improvement of items
throughout the life of an item bank.

Another important aspect of flexible text entry is the variety of
item formats that are allowed. Por example, programs differ in
their ability to handle true/false, multiple choice, matching,
fill-in-the-blank, or essay items.

In addition to item type, the provisions made by a program for
the inclusion of pictorial material is one that must be
considered if such material is critical to the nature of an

item. Pictures, diagrams, formulas with subscripts and
superscripts, .nd special symhols are almost impossible to save
in machine-readable format. soout the only ways to overcome this
limitation are (1) for a program to allow one t6 add a reminder
to an item that p.:storial material is to be included at the time

Northwest Reagional Educational
Laboratory, Portland, OR

49 45



of printing, and (2) for the program to allow designation of tﬁg
number of line feeds to follow an item so that toom.is provides
for the material. "

Item Storage and Manipulation

Safe item storage is related to a program's ability to verify new
material before it is written to disk and to check before items
are saved to insure that another set with the same name is not
inadvertently destroyed. -

There are two ways to handle the storage and manipulation of test
items. One way is to allow the creation of a large number of .
items, limited only by the capacity of the aixiliary storage
medium, such as floppy disk drive. In this case, items are
manipulated by transferring as meny as possible to random access
memory (RAM) and gradually working through the item bank. The
drawback here is the time needed to transfer items back and forth
tron auxiliary ltorago to RAM.

The other way to store and manipulate items is to limit each file
to as many items as will fit in RAM at one time. This makes for
faster manipulation of a.given set, but, of course, the set is
smaller than a file whose size is related to disk capacity. And,
if items from separate sets scattered throughout a disk are to be
manipulated, then the task can be even more time consuming than a
similar task performed with a progran which is based around disk
storage limits. _ R o

-

\

Some programs that are RAM based provide for the merging of
subfiles into larger units, and for breaking bigger files into
smaller ones. This can facilitate the task of manipulating a

given set of items. :

Item Retrieval

The simplest method of retrieving items is to assign each one a
number as it is created. Then, using a master printout, one can
locate and call up each item by its number in response to a
prompt provided by the program. Another way is to be able to
display items on the screen in numeric order and to be able to
Press a single key to identify an item to be selected. For large
item banks, the use of item descriptors can help to narrow down
the number of items to be reviewed in order to identify those to
be selected. For example, descciptors might refer to (1) type of
item (i.e., item format), (2) subject matter, or (3) classifica-
tion in relation to a taxonomy (e.g., Bloom's taxonomy) .

In some programs, the answer line can be used not only for
storing the specific answer to an item, but also for information
that can be used to help find items., For example, the following
might be stored in the answer line:
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key words in an essay, notes to oneself or any

. alphanumeric information, or if the items are based on a
set of objectives, the abbreviated name or. number of the
objective tested by the item.

Another piece of information that would be useful in retrieving
appropriate items for a given instrument is an indication of item
difficulty. This could be acconplished by simply placing in the
answer line a rating of "easy," moderate," or "hard.” A more
sophisticated method would be the ability to include both

. difficulty and discrimination indexes for all item alternatives,
Using a sort routine, items could then be selected on index
values, as well as information on content, format, and other
characteristics. ' ' :

Thig inclusion of specific information useful for item retrieval
.adds a whole new dimension to instrument-generation programs.

Printing

Once items are retrieved from the bank for a particular
application, it is helpful if they can be edited to tailor them
to that setting. It would also be useful to have the option of
saving the edited items in a separate file for later use. In any
case, the original set of itéms in the item bank itself should
not Be permanently altered by these last-minute modifications.
This is especially important if the item bank is intended to be
generic;'tor example, if it is a set of essay items on current
events where the details of the items are to be added in relation
to the latest happenings.

In addition to editing capabilities, a useful program will allow
one to format an instrument to a particular situation. Using
special headings or titles is one way to accomplish this. Being
able to tailor the instructions can greatly improve the utility
of an item bank, tou. The capability to determin2? left and right
margins, to determine the number of lines of print and total
numbers of lines per page, to require a pause after each page is
printed, and to print all or just part of a test are all program
print features that can help improve the face validity of an
instrument. :

.

Summary

Programs exhibit these characteristics to varying degrees.
Trying different programs is the only way to determine if the
features you need are included and readily usable.



Instrument Generation Sampler

Program/Company

Author I
Radio Shack
Education Division

The Learning
System, Microlab

Highland Park,
Illinois

Test Bank 2.1
Advanced Technology
Applications

San Diego, CA

Teacher Utilities
Vol. 1

Minnesota Educa-~

tional Computiny

Consortium

~ (MECC)

Cost

$150

$150

$450

$37

System

‘TRS~-80

I/111

~
P

Apple

TRS-80
I/111

Apple II

51

Comments

Test assembly, on-line

testing, and the devel-'

opment of student
records/profiles are
features of this program

On~line testing of items
from a program item

. bank, class statistics

and student profiles

- are all part of thiq

program.

Flexible text entry,
item editing, test -
preparation are just '
some of the features of
this program .

Item files, on-line
testing, test assembly,
test printing, plus
clags statistics and
grades are features of
this program.
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ELECTRONIC SPREADSHEETS

Some say that the electronic spreadsheet 'in the form of~the first
VisiCalc program is what started the microcomputer revolution,

. and particularly the Apple computer. With this very basic tool,
a microcomputer can be used to do anything that it is possible to
do by hand using a multi-column ledger page. For example,
spreadsheet programs can be used to:

' prepare-.a budge:, make an income tax projection,
calculate cash flow, do cust analyses, determine ovekliead
allocations, generate sensitivity analyses, calculate
weighted averages, prepare statistical summar es, analyze
survey results, prepare bid specificationa, keep track of
study participants, and more. v -

In a few short years spreadsheets have grown from not much more
than electronic ledgers to programs that include present value'
function, -linear programming, and calculus functions. - They also
are likely to be able to read d° x from files created by other -
pfograms, such as accounting ap, .cations or data bases. .

Integrated programs are often build around a soghisticated
spreadsheet. One form of integration is the program that
includes spreadsheet, graphics, and word processing programs all
in one super program. Examples ofsthis type of program are MBA
(Context Management System; Torrance, CA), and 1-2-3 (Lotus

' Davelopment; Cambridge, MA) . Companies like VisiCorp provide
compatibility among the different programs in their line, such as
visiCalc, VisiFile, and VisiPlot so that data can be shared among
these separate programs. A new development is the integzation of
spreadsheet and data base management programs sich as LogiCalc
(Software Products Int'l; San Diego, CA). 1In tryin/\to decide
among different approaches to integration, one must consider both
the quality of the individual programs and the ease with which
data can be transfered. “

Examgles

The examples on the next several pages illustrate what the
visiCalc program can do.

Northwest Regional Educational.
Laboratory, Portland, OR
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WHAT CAN VISICALCS DO%7? s
CALCULATIONS, e

Like a calculator, VisiCalc excels at perforaing calulations
ladding, wsubtracting, multiplying- dividing). In the exasple
_below, sossone enters the nuaber of students participating in a
Chapter 1 progras in the shaded arsa. The VisiCalce worksheet
totals the nusber of students at each grade and in each subject
[ 4 1 : . 4

By

MUMBER OF CHAPTER I STUDENTS
Srade -nud\ ' Math Total

RECALCULATION

Unlike a calculator, VisiCalc can easily recalculate the results
when any value is changed. In the example below, we reduce the
FTE . for Denison ¢o try to reduce the project total to a wesore
reoasonable figure. VisiCalc iamediately recalculates the totals

using the new value for FTE. o _ -
- V4 " . k
o STAFF BUDSKT

Stats FTE  Salary Benefit Total

«Jones L 470

Deni sen 13270

Williams 8470
Clark 16680

Faddis | 15270 '
Totdl Salaries and Banefits 38560

+

-~

33
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° PROJECT STAFF BUDSET o
¢ Staf¢ ¢ FTE Salary BDenefit Total

' . .+ Jones 9450 18%0 S670

o - Denison - 12725 - 2BAS 7738
= Williaes .3 = 9450 1890 3670

Clark 1.0 . 13%00 2780 16680

. Faddis 1.0 ~ 12725 2845 13270

Total Salaries and Benefits ‘. 51028

-

TABLE LOOKUP

Often we have to look up values in a table (e.g. test score,
salaries, bonus points) before doing & computation. VisiCalc
“can do the table lookup for us. In the exasple, we enter a code
and the workeheet locks up the proper points and . computes the

tbﬁll.. N
. : Bornus Bonus - ' Bonus
Activity code points Student Teast Fawk code Total
X ' Books read 1 10 Janice A. BN o7
- Participation 2 20 Dennis B’ 1U4
44

. - Extra report 3 40 Janes »

DATA STORABK

. inforsation can be stored on flappy dizks for later. use. In the
exasple below, program expenditures are added to a VisiCalc
template each sonth. The computer recosputes the Year-To-Date

" Expenditures and Percent of Budget Expended.

PROBRAM EXPENDITURES W TO BUDGXT

- Act _ YTD 2 of '
¥ Account Budget Expend Budget 8P OCT DEC JAN
> 100 Salaries 536000 14000 s e e o
200 Banafits 14300 3423 2
300 Pch serv 1200 800 &7
400 Supplies 1800 2100 117
500 Outlay 0 0
400 Other ] o

BEST COPY AVAILKBLE
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LOSICAL DECISIONS

. Oftan we want to do a computation only if some condition is true.
For eoxample, we will consider students elgible for a special
progras only if their test score or grade point is above or below
some criterion. The worksheet below sarks a student as elgible
for Chaptyr 1 services only if the test score is below the
cutofs,

Chapter I Student Selection Worksheet

Cutoff on Reading 33
test? Math 39

Asad Math Reading Math
Student Score Score [Klgible [Elgibdle

SIMPLE BRAPH.ICS

Do you ever tire of reading tables of nusbers? VisiCalc can help
by constructing siaple bar graphs. Here we enter nusbers in a
oraphing worksheet which rescales and displays the results.

MISRANT STUDENT ENROLLMENT BY MONTH
Month Enrol laent

S5
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Advanced Spreadsheet Features ' -

Recent spreadsheet programs provide extended features that are
not available with the original visiCalc. The table below

_ suggests some features to look for in the new generation of
sproadshnct programs such as Multiplan, Supe:Cach, and Advanced
VisiCalc. .

Feature Désc;igtion

Consolidation Allows worksheets to be linked together
' (e.g., Years Summary worksheet accessas
totals from 12 Months Summary worksheets).
Makes the spreadsheet seem three-dimensional.

Sort Allows the rows or columns to be sorted in
numeric or alphabetic order (e.g., reorder
list of students from lowest test score to
highest for selection purposes).

Execute Executes a series of commands from a command
file that you have created (e.g., load a
worksheet, print the results, change a
value, print the new results).

Spreadsheet Program Sampler

Program - Systen Comments
VisiCalc Apple I1 The first spreadsheet
TRS-80 II, III program, very popular. .
_ Atari
¢ Commodore Pet
IBM '
Advanced Visicalc Apple III Includes a number of advanced
features over VisiCalc.
SuperCalc CP/M . Similar to viaiCalc with
IBM . some minor improvements
Multiplan CP/M ™. Called software package of
IBM the year by Infoworld
magazine .. -

Note: CP/M stands for microcomputers using the CP/M operating
system, (Control Program for Microcomputers) . Moat
business-oriented microcomputers, such as TRS-?7 Model II,
Northstar Advantage, DEC Rainbow, Csborne I, and Xerox 820
fall into this category. Also note that an Apple II with
a ZBO softcard can use CP/M software.

56
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STATISTICAL ANALYSIS

’

At the heart of all evaluation and assessment efforts is the
analysis of data. Statistical analysis programs on main-frame
computers have provided the main statistical source of support
over the last 25 years. Actcessibility to mainframe systems and
their steadily increasing costs, together with the rapid advance
of mini~ and microcomputer technology, has begun to change that
picture! Recently microcomputer based programs, ranging in price
from $20-$2,000 have become available. Of course, taey vary
greatly in their features.

There are 5 sets of features that should be examined when
considering the purchase of a microcomputer based statistics
program. The first is documentation. This includes the written
information about how to use the program and about the technical
aspects of the program. The second feature is data management,
including data entry and editing. The third feature concerrs the
statistical manipulation of data in terms of descriptive and
inferential statistical procedures. A fourth feature is the:
printing of information. Included here is the simple printing of
raw data and the generation of complete reports. There is a:
fifth, general feature which might be termed special ‘
capabilities, such as the availability of a random sampler and
the extent to which the program can be configured to a particular
system. Each of these features is examined in more detail in .the
following discussion.

Written Information

The documentation for a program can be a major factor in
facilitating or hampering its use. Good documentation for
statistical software will at least Provide some description of
(1) the way the software is organized, (2) soue basic information
about each feature of the program, and (3) more detailed
information about the statistical procedures an@ when different
procedures might be selected. Welcome addit.ons are a set of
examples on a tutorial to show how to use each program feature
and the results obtained, and examples showing what printed
versions of the results will look like from a simple printing of
cases to finished reports. .

Exemplary documentation will include the particular algorithm
used in each analysis so that the user can be fully aware of its
assumptions. T1he best documcntation will also provide
instructions for modifying formulas to better ueet particular

gituations.

Northwest Reyional tducational
Lahoratory, Portland, OR
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Data Management

Data management starts with the ehtty of data into the program.
Some programs provide the option of entering data either directly
from the keyboard or from a data disk.

A very elementary question to ask about a statistical program is
‘what kind and how much data can it handle? For example, can one
enter integer, alphanumeric and/or decimal data? And what is the
total number of variables and the number of cases that are ‘
possible?

Two data entry procedures exist, case-by-case entty; where all
variables for each case are entered at the same time, and
variable-by-variable entry, where all cases for each variable are
entered as a group. Better programs give you a choice between
these two procedures.

If it is possible to enter data from another disk, one must know
if data from a data disk needs to be formatted in a way unique to
the program, or if data formatted in a standard way, such as DIF
files, are acceptable. If DIF files are acceptable, then data
can be shared with such programs as VisiCalc and DB Master. It
is also important to know if data are stored in sequential files
or random access files, and if conversions are possible, because
of the different ways these files are accessed.

Once data are in the program, there should be procedures for’
maintaining them. At a basic level, maintenance includes adding
new data, correcting erroneous data, and deleting unnecessary
data. There are some programs which allow transformations by
constants, exponentials, ranking, and so on. Being able to add
new data can help to make a statistical program more like & data
base management. program, since the features can be used to build
a record regarding a given case or a particular variable.

Statistical Procedures

Programs vary in the range of statistical procedures they iiclude
and in the variety of procedures regarding any one type. The
following list is a sample of the range and variety of procedures
that may be offered:

Descriptive Statistics
Frequency

Mean

Median

Mode

Range

Standard deviation
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Measures of Relationship -
Correlation (e.g., Pearson product-moment correlation
co~efficient) '
Contingency tables/cross—-tabs
Linear regression

Distributions used in statistical Inference
Normal :
Chi _
F .
t

Analysis of Variance (ANOVA)

‘One Way (Fixed effects)
equal N's )
unequal N's 0

Two Way (Fixed effects) o ‘ )
equal N's S '
unequal N's

One way and multifactor analysis of variance '
randomized designs
factorial designs R
split-plot (mixed) designs

Not all programs contain all types of procedures, and some
include different specific procedures within a type. Therefore,
it is especially important to examine statistical packages in :
light of your specific needs and preferences before purchase.

Printing

There are times throughout the process of using a statistical
program that printing may be desired. When data are being
entered, for example, one may wish to get a printed case-by-case
or variable-by-variable summary in order to verify the accuracy
of the data. .Printed results of computations, especially of
intermediate processea such as a regression equation, wnich may
be used in other computations, can be helpful. Aand, of course,
the results of analysis should be printable in a format that is
consistent with conventions (e.g., contingency table, ANOVA
table) and should be clearly labeled so that one can easily
interpret them.

Beyond the printing of individual results, it is often useful to
present a graphic picture in the form of scatter plot, histogram,
and so on. These may then be combined with the results of N
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analysis to form 3 report. For example, a report summarizing an
item analysin might have ‘he following information:

e item analyzed
® number of reampondents
number checked
~ numbar selected
number sslecting each response
percentage selected regardiny this -esponse
percentage answering this response
totals -for each of the above
no answers -
median value
average value
standard deviation
a histogram of responses

OO0 030 0800

When looking at report generation features, one should seek the
kird of flexibility offered by the best data base manageme-~t and
survey development programs. That is, a program should allow
control over (1) placing headings and footnotes on a page,

(<) formatting the arrangement of textual and other information, .
-and (3) storing completed reports for later ‘use.

Sampler of Statistical Avnalysis Programs

The listing of computer s*atistical aids which appear at the end
of this section summarize some of the current programs. It is
vitally important to review first-hand any of the programs listed
in this section. In fact, a good way to find a reliable vendor
is to inquire about preview privileges and technical support. A
30-day trial period to assess the quality of a program should be
allowed before making a final decisinn. During that time
frequent interaction with either the local dealer or developer
will indicate the quality of support available. .

With this experience, you and your staff can gaih confidence in

the performance of a piece of software and in the technical
support available as backup.
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A LISTING OF MICROCOMPUTER Package - Language
STATISTICAL AIDS Hame & and
. Aprx.§ Vendor Description _Bystenm
The listings below have been adapted from mlﬁ?gg . ¥
Statistician, Peb. 1983, Vol. 37, Wo. 1, pp. §3-86. DAISY  Mainbow Descriptive, regres- MK
(NK = "Not Known".) $80 Computing, Inc. sions, transforms, Apple
B T 19517 Business ‘' tests, ANOVA, non- ?
Package Language Center Dxive, paramstric, time
Mame &' and Morthridge, secies, modeling,
Aprz.s  Vendor Description _Bysten - a 9134 plots
Abstat Anderson-Bell Data Manipulation X pyna- Dynacomp, Inc. Negression, ANGVA Basic .
$295 8336 8. Crocker editing, regression, = CP/M comp 1427 Monroe Ave Apple
Littleton, OO ANOVA, Cross-tad, bt Reg-$119 Rochester, MY ¢ Atari
60120 ohi-sq, histograms, ANOVA 14618 TRs-00
‘ plots, descriptive, $119 ”T
tests, others
BdStat- Univ, of Descriptive, freqs., Basic
AIDA Action-Rescch, Nistograms, ANOVA Basic Pac Mich., School Chi-Squsre, ANOVA Apple
$235 Morthwast descriptive, bivari- Apple $20 of Bducation Two-¥Way ANOVA, non-
11442 Macine ste multivariste, Ann Acbor, NI  parametric, regression
View Dr. W tests correlstions, 48109 ootrelstion, Chronbach-
Seattle, WA regression, plots, o Alpha
90146 transformation,
weighting Math- Mathematics Descriptive, cross- IBN-IC
stat Prolicy Re- probability func- co/Mm
A.87AT Roaen Grandon Tcrsnsformatiors, Basic $750 search,Inc. _tions, oorrelstion,
$125 Ass0C. descriptive, cem P.0.Box 2393  ANOVA, regression,
296 Peter Green frequencies, tables, Apple Princeton, data management
Road, Tolland, regression PET “RJ 08540
CN 06084 '
, Micro- Boosoft Data Minagemant Basic
Curve Interactive Best fit, scales, NK stat PO Box 68602 transfocrmation, des- CcP/M
ritter Microware, average, smooth, Apple $328 Indianapolis criptive, tests, I
*35 Ino, interpolste, lesast Indisna ANOVA, plots, regres-
PO Box 771 ‘squares 46268 sion, time series,
oL t. 8K nonpacasetric, cross-
~.ate College - tabe, distributions,
PA 16001 chi-square
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Package '

Name &
Aprx.§

Scien-
titic

Plotter
$25

Speed

- Stat 1

Statis-
tics
Pac
$100

Vendor

Intecactive

Microwave, Inoc.

20 Box 771
Dept. 8K
State College,
PA 16801

.t Coxp
International
229 puber
Village Blwd, -
“Westerville,
oa 43001

Creative
Discount
Sof tware
256 8. Robect-
son, Bte 2136
Beverly Hills,
CA 9021}

STATPRO Wadsworth

$1995

STATPAK
$500

Rlectranic
Publ. Co.

20 park Plasza
Boston, MA
02116

Nocthwest
Analytical
Inc.

PO Box 14430
Portland, OR
97214

Desct 12:1&1

Drcawa X/¥ graphs,
20 symbols,

ercor barcs

Preqs., crosstabs,
corcelations,
descriptives

Data Management,
curve fitting,
probability, genecal
statistics

Database management,
Descriptive, corr.,
Regress., extensive
multi-variate,
graphics time series,
ANOVA

Pile management,
probability, des-
criptive, regression,
nonpacametrio,
distributions, tests,
chi-squaced, ANOVA

* plots, random numbers

Research on Evaluation Program
lorthwest Regionsl Educational Laboratory

e
and

Systes

»K
Apple

Assen/
Basic
Apple

Basic

Apple

Pascal

Apple
IBM

Basio
crMm
IBM

Package

Neme &

Apex.$  Vendor
INTRO=  Ideal Systems
STAT P.0.Box 81
2.2 Fairtield,
4150 IN 522550

THX STATISTICS SERIES

Desoristion

Descr iptive, cross-
tabs, totals, Mann-
shitney t, Wilcoxo::,
1=2--way AROVA, 2
variable scattecplout,
Pearson worrelations,
simple linear regres-
sion, ¢ata filc
arnagenent

Human Systems Dynamics
9249 Raneda Blvd., Suite 107
Morthridge, CA 91324

ANOVA II
$.50

H8D
$100
STATS

PLUS
$200
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ANOVA, ANCOVA, many
designs, 1 to ¢
factors, 2 to 12
levels. All inter-
actions, marginals,
means, cells, plots
o AR o

25 vars., M0 carmes,
predicted, residuals,
plota

General BStatiscics
package, database
nanagement, nonpacs-—
..t“c.. !‘.q.o'
corr., t-teats,
regressions

Apple
FtH

Apple
I

Arple
I8N
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GRAPHIC TOOLS

Pages and pages of reports. who will read them? ' How can you sparkethe
reader's interest? Some authors would argue that graphs and charts are
the most effective way to communicate an idea. Most people hate tables
of numbers and refuse to read more than a page, oz two of text. “Rather,
most people are visually oriented and can glean the basic message from
a properly constructed graph.

Typically, we do not use graphics in our reports because we cannot
afford a graphic artist and lack the necessary skills ourselves.
However, .e versatile microcomputer does have graphics capabilities,
Suftware ' N , b
There are two basic types of software aids to graphing. Business
graphics packages are designed to produce bar graphs, line graphs, and
Pla charts. The user enters the data values to be plotted and then
selacts the type of graph desired from a menu. The program
automaticzlly creates the graph on the screen 2d allows the user to
change or dreas it up before printing.

The cecond type, design or pfﬁnentation graphics software, is more
analogous to an artist's pellet and canvas. You draw lines, shapes,
and colors on the screen and then edit them (shrink, expand, move) ,
Thie type of graphica is not well suited for bar graphs, but its
£lexibility is perfect for diagrams, flowcharts, forms, and simple -
illuestrations. . :
The choice of snftware will be greatly limited by the-computers and
prigters each package supporte. Other considerations include such

QYres as options for inputting data, variety of graph types, and
flexibility in editing the graph tefore printing.

[ ]

Hardware

Will my Brand X microcomputer handle graphics? Perhaps. Obviously,
the computer should be able to display graphics @n the monitor screen,
either in black and#yhite, or color. While taken for grantad with home
computers designed for video games, this capability has been left out
of most business microcomputers until recently. The resolutior (or
clarity) of graphics displays varies widely. .

. Actually, the :eal problam is getting éhe graph on paper. 0ntil the

last two years, most printers could handle only the simplest of
graphics, and other printers were too expensive. Today there are a
number of low-cost deviges that can print graphics, though the visual .
quality still falls onrt f what a grpphics artist could do.

“»
The following examples iiﬁustrate three options for creating graphics.
\\,

Northwest Regional Educational
Laboratory, Portland, OR \\\
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o Character graphics. Standard characters like #», /, and X
are used to create a graph tha: can be output by any
printer. The limited characters available usually result in
poor visual quality. ‘Figure 1 shows results that were

. plotted using characte: graphics. Tha connecting lines were
drawn by hand. , :

R4

Figure 1. School achiwn.n't profile using
character graphics.
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' © Dot graphics. A dot satrix printer with a graphics option

. can produce graphs like Figure 2. The print head of a dot

satrix printer consists of a row of pins which strike a

carbon ribbon to form typewriter characters. With the

proper software, the pins can be asade to fire in any

' sequence  to duplicate the shapes on the computer screen.

‘The "Prism by Integral Data Systems even has a multicolored
ribbon to- add Folor. . : ' _

Figure 2. Bar graph of achievement gains
: using dot graphics.
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o Plottes graphics. A specialized device called 2 plotter can
be use to generate good cquality graphs like Figure 3. The
graph is drawn by a colored pen held by a aschanical aras
that <functions such like the human arma. Examples of low—
cost plotters include the ‘Hewlett—Pacl.ard 7870A, tihe Houston
Instrusents Hiplot DMP-29, and the gtrobe Graphics Plotter.
At $800-2000, ' these plotters are still rather expensive
since a printer will w=till be needed for standard text.

Figure 3. Example of ~lctter graphics cquality.
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Sampler of Business Gfaphics Software
. = . .

Package Computer comments -

APPLEPLOT Apple i1 “ Fasy to use but f( ‘er features than some
PFS: GRAPH  Apple II  Works with PFS: FILE

3

visipLaor 'Apple I1I Best suited to time-oriented data

lotus 1-2-3 IBM | Combines graphics capability with sﬁreadsheet

and file management:

GRAFTALK CP/M Supports a variety'of printers and plotters,
and terminals

References.

Bayle, E. Picture this--aAnd do it yourself. Personal Comruting,
August 1982, 50-54;-58; 64; 150.

Bonner, P. Communicating with presentation graphics. Personal
Computing, July 1983, 110-119,

Bowerman, R. Creative communication with computer graphics. Interface

Age, October 1983, 68-69; 71-74; 160-168.

Mastering business graphics: Special report. Popular Computing,
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Reviews: Graphwrite for good graphics, 105-108; Business graphics for
the IBM PC and Apple 1II, 124-126; Interface Age, October 1983.




COMMUONICATION TOOLS

Most people recognize that computers can communicate with other
computers, but few people understand why this is important. Assume
that you have test scores of a thousand students on a large computer
and want to be able to analyze them on a small computer without
re-entering the data; the computers must be able to exchange
information even though the large computer may be miles away.

Currently the major applications of computer communications in
evaluation are:

e Data communications - transferring data from large
computers to small ones, transferring word processing
documents between machines, transferring programs from
one microcomputer to another.

® Remote data processing - use microcomputer as a terminal
to control the analysis of data on large mainframe
computers, using statistical software like SPSS.

e Online data base searching - access information utilities
such as the Source, Dialog, and BRS to conduct
bibliographic data bases maintained by those utilities.
Two educational data bases are ERIC and RICE.

e Electronic message systems - Electronic mail systems,
computer conferences, and electronic bulletin boards are
examples of systems that allow other computers to,call in
and leave or receive messages.

There are several ways that communication may occur between computers,
but we will focus on the most common form, telecommunications.
Briefly, here is how it works. The computer is connected to a device
called a modem which converts the electronic signal coming from the
computer so that it may be sent over standard telephone lines. The
mocem at the other end translates the signal back to its original form
and relays it to the computer, Thus, what you type at the keyboard is
passed over the telephone 1 .ne to the other computer and vice versa.

Software

The software tool used most frequently for telecommunications is known
~. a "terminal® program since the program essentially turns the .

microcomputer into a terminal (keyboard and display) hooked to a large
computer. The main function of the program is to send characters typed

at the keyboard out the cable to the modem and to interpret characters
coming back from the modem. '

Northwest Regional Educational
Laboratory, Portland, OR
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A Sampler of Terminal Programs

" Program . Computer Comments

'ASCII Express Apple II Many fine features.
Crosstalk CP/M, 1IBM Available for a variety of

computers; many features, such as
protocol file transfers.

LYNC cp/M ‘Unique license is for the
institution, not just for a single
computer, Available for a variety
.of computers.

Omniterm TRS-80, IBM
ST-80 TRS~80 Many features, such as error
: detection
VisiTerm Apple I1I
Hardware

The main piece of hardware required for communications is the
modem, the device which sends signals over the telephone line and
translates the incoming messages. The other piece of hardware
needed is a serial port. The computer aust have a way of
transferring information out to the modem. This interface or
port is usually known as an RS232 serial port, Most printers, in
contrast, require a parallel port. Most business computers are

sold with both ports, but others, such as the Apple I1, need an
additional circuit board,
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A Samplar of Modems*

Company/Product .
(Price) Computer Comnents
Rayaa/ RS232¢ This auto-dialing, direct-
Smartmodem 300 Interface connect modem is full duplex,
($289) ~with a variable baud rate of
110-300., Audio monitoring
and self-testing are also
features
MFJ/ RS232C This acoustic coupler, full
MFPJ-1232 Interface; or half duplex modenm lLias
($129,95) PTL/MOS both 110 and 300 baud trans-
: inputs/outputs mission rates. It may be
connected to the 2pple II
game port, with MFJ-1231
software.
Novatlon/ " RS232 This direct connect, auto-
D-CAI Interface dialing modem is both full
($199) , or half duplex with a 300

baud transmittion rate., It
has a self-testing feature.

* From The, I,, Data communications: A buyer‘s guide to modems
aud scftware, Personal Computing, March 1983, 102-103;
108-109.

Alternatives to Telecommunications

There are alternatives to the telephone for transferring
information between computers. Local Area Networks link
computers that are close in proximity so that they can share such
information and peripheirals as printers and hard disk drives.
when the information transfer does not have %o occur immediately,
data can be moved using floppy disks as there are now programs
which convert the form~ of & <.oppy disk from <ne computer to
the fo-mat of another.

References
fhe, L. Data communications: A buyer's guide to modems and

* software. Personal Computing, March 1983, 96-103; 108-11l1l;
114-117; 122-124; 127-128; 171; 173,
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NETWORKING

A local area network is a coordinated system for communicating
data., It is a system that lets computers, printers, disk drives,
modenms, and monitors interact with each other. A basic local
area network (LAN) includes five components:

° the hardware, made up of computers and petipherals

e the network interface, typically an exoanaion card
which plugs into the hardware

® the network master controller, either a chip on the
expansion card, a hard disk drive, or a dedicated
computer

) the network server, a hard di®k drive that carries

both the software for the LAN specifically and the
programs available to network users

) the wiring to connect the p;?ts of the networ Kk

The personal computer lo.al networks most often used are made by
Corvus systems, Inc, and Nestar Systems, Inc, Over 5,000 Corvus -
Constellation and Omninet networka, and nearly 1,000 Nestar
Cluster/One and Plan--4,000 networks are currently in operation.
Thes2 and some of the other more pcopular networks are described
in the sampler of networks,

Two davelopments have helped to spread the use of local area
networks, One is the change in the type of wiring which link
together the components of a system. New cables (coaxial
baseband wiring) have cut the cost of this important part of a

network by two-thirds. They also transmit information far more
quickly and may eventuzlly be used to carry data, voice, and

video message~ simultaneously.

Another improvement is che way the network actually functions.
The earliest systems used a star pattern, where the master
controller. (typically a hard disk drive) was located in the
middle of "slave" terminals. The network distributed data from
the center of the star along its arms to the terminal at each
point, Communications were slow because ev -ything had to be
cleared and approved by the hard disk drive before it could
proceed. But now a tus configuration is used where all of the
hardware on the network issues instructions independently and the
master controller simply directs the data traffic up and down the
length of wiring.
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As was noted in the article, Networking the Workplace, from which
the information for this section was drawn: -

‘Tha beauty of networking personal computers as
compared with using minicomputers or mainframes is that
with the mini or mainframe, each time you add a user to
the system—-sach time you install & new dumb terminal--
you detract from the overall coaputing power of the

system.

You simply slow-the system down,' says Jim

Pritchett, president of Trinity Computing Systems in
Houston, Texas, which sells LaNs to large installations.
'With the personal computer, though, ‘it is-just the

converse.
" enhance the network.

You add power to your system each time you
You are giving it more memory or

providing anothei peripheral or adding more storage

capacity.' (Rothfeder, 1983)

Hl.u of Matwocks*

nucuxt_wn

Progras/Company (Cost)  Computers
ouner Cotvvs joncept
Interfacn Jard, Apple i .
$493; watwork file Tal - C >
sezver (with 18-ib DEC Lii-al

drive), 84,185
Corvus System, Inc.
2029 0'Tocie Avenue
san Jose, CA
(408) 946-7700

13131

PLAN 4000

In“erfice card,
8595,

network file

server (wicth 65 M7
ceive), 822,700
Westar Systems, Inc.
2555 B, Bayshore Rd.
Palo Alto, CA 94303
(415) 4£3-2223

apple 1I, 112
YEM - 2C

*Rased on Rothfeder, J.

21 Professional

Omi.i:et links up to 64 workstations
~gr & Bazimum distance of 4000 feet
nging twisted-paiz wizine, The
ciaputer and peripheral interface
«irds contain a transporter or net-
work master gontroller chip., The
softwate server is attached to a
hard disk drive. Disvarate computers
on the network comsunicate vith each
other.

Plan 4000 links up to 64 workstations
workstations over a distance of up to
four miles using bassband coaxial
cable. The cmputer and peripheral
interface cards contain an intelli-
gent chip~—-called Resource Interface
Nodule (RIM)~--to serve as ths network
master control..%. The network file
server is attached to a hard disk
drive.

Networking the work place.

Pecsonal Computing. June 1983, 7(6), 85.
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nsnwmvml't) Computers Description

ARCnet Datapoint ARCnet links up to 233 ters over
Intecface cacd, " (TRS-80, model 4 distanae of up to four miles using

$495; Netvork file 16 and Mode 11 baseband coaxial cables. The irter-

seLver (with 10-MB
drive), 810,000
Datapoint Corp.
9723 pDatapoint pr.
- San Antomio, TX
78204

(313) 699=-700

by end of 1983)

face card contains the same intelli-
gent chip=~the AlM-~as the one used
in Neatar's PLAN 4000, The nctwork
£ile secver is attached to a hard
disk drive. Tandy Corporation has
aanounoed that it plans to have its
Madio Shack Nodel 15 and Model I

. Gomputers support AXCtet Dy the end

ot ﬁ..m.
ETERRSEARS .IBN =" PC Cherghare and ull cther 3Cos pro-
Interface card, Appls (by late ducts opersts on the Ethernet? nete
#930; Network file '0) : work, An intslligent chip ts con-
server (with 10-i3 nected te the interface cazd to .
drive), 811,530 ' manage the Retwork., The file sarve:,
3Com Corp. i & hard disk drive {s not obocon,
1390 shocebizd wmay Gan also be a dudicated computac.
Mourtsin View, CA .
94043
(413) 961-9602
*ETERRINTY Bthernet is an attespt to create a
latox Corp. univarsal metworking standard for
6416 wrenchwood ad, computers. It ia a comxial bageband
Dallas, TX 73252 bus netwoek that will hook up 1024
(214) 689-6045 o wtkstations over a distanoe of 3.3
. Kllumetars, Its architecture and
topology is not propeietacy so
deparate distributora s=1l
Pthernet-coapatible peoducts,
dpple Computers Mpple et is just ¢ ing macket.

APPLENET
intezface card,
$300; Watwoek
file secver, (to
be anncunced)
Apple Corp,

20525 Mariani Ave.
Cupertino, Ca
93014

(408) 99¢-2010

It can accammodate wockstations ovet
@ distance of 8000 feet in a bus
configuration.

References

Data banks: Opening the door to a world of

Neumann, R, i
: Electronic Learning, November-December 1982, 56; 58-61;

information.
83.

Rothfeder, J. Networking the work place. Pervsﬁnal Computing.

June 1983, 7(6), 85.
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PLANNING POR MICROCOMPUTER USE

People often find it is difficult to decide whether or not to buy
a computer or wiat computer to buy without knowing what :
"capabilities® compu.ers have. It should be clear from this
work: avp that a somputer is a very sophisticated, generic tool .
that can be supp..ied with multiple capabilities including: word
processing, data base management, calculation and statistical
analysis, graphics, and communication. The only restriction is
that the program having the instructions for these capabilities
nust be compatible with a given sys:um in terms of the system's
central processing unit, random access memory size, disk
operating system and auxiliary atorage features, and so on,
Therefore, in making decisions about computers, one should start
with an analysis of capabilities in relation to classes of
scftware. .

L4
A three-step process can be used to guide one from the
consideration of capabilities to the selection of a microcomputer
system.

Step 1l: Know Your Needs

The best place ¢ benin is with an analysis of the tasks you do
that could bs accomplished using a particular microcomputer baped
program. These may be listed on a form such as that shown on tae
following pages, "Tanks/Software Matrix," Obviously, many tasks
. could be accomplished with the aid of a microcomputer; the
question is, which ornes should be transferred to a computer
system? The following zre some criteria to use in describing
which tasks shouid be transfecred:

1. Identify and eliminate casks that are already being
efficiently accomplished

2. Rate the remaining tasks in terms of
~ a, potential for tvime/cost savings
b. relative importance

L-

Rating the tasks can be based on the general capabilities of
software. For example, if much production typing is done, and
any one document goes through many drafts, a word processing
progcam would save the time and money associated with repeated
typings.

Northwest Regional Educational
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Step 2: Identify The Best Software

Once the. top priority tasks are identified, the moqt'aﬁp:op:iate
- software must be selected. This is where the evaluations
presénted in the various buyer's guides listed in each reference
section of thé workshop materials come in handy. These. guides
typically present extensive lists of programs with some <
.identification of their features. The features are the ones
described in the narrative sections of the workshop materials.
For example, a buyer's guide to data base systems might include:
number of records per file, humber of fields per record, maximum
field size, whether the files are fixed or variable, format of
‘files, index scheme, special features, hardware requirements.

Evaluating software beyond the features listed in buyer's guides
cari be very confusing. The criteria listed in the following
section, "Criteria for Review of Profesaional Software," are
intended to facilitate reviewing professional software. They are
grouped under the following topics: description of the package,
documentation, inputs/operation, outputs, and.general
characteristics. The only way to assess software in-regard to,
these criteria is to try it out. ' . :

Step 3: Identify Appropriate Hardware

/"""\

As noted above, many software buyer's guides include hardware
requirements. The form "Hardware Specifications Worksheet" on
the following pages lists various hardware specifications, A
Separate sheet can be generated for each scftware package.
Hardware selection can then be made based on the number of
preferred packages that will run on a particular system. A
formal way to make such a decision is shown in the "Hardware
Evaluation Worksheet®™ shown at the end of this section. 1In
making a final choice regarding a system, it is important to be
aware of the families of microcomputers and the machine#®
belonging to each family.

Compatibility among machines in a given family can broaden the
range of poszible choices., There are various types of

compatibility. These include: . ‘ , o
°® complete software compatibility
°® video compatible
°® disk compatible .
® operating system compatible
°® compatible cer.tral processor chip

A demonstration of a particular software package on a particular
system is the only sure way of proving compatibility. 0

A
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Tasks/Software Matrix .

--Word Processing | Pile Management | Spreadchests . " | Test Generation Deta Collection Statistical Graphics Telecom. &
Enter, edit, Creamt maintain|] organize and Create, edit & Gather data - Analyse and Display results KetworkIng
and print text | records; print manipulate print instru- directly or susmarize of data ' Communicate
reports numbers 27 | mants via mark sense data manipulation asmong cowputers
L. ]
4
“*
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Two Sides of the Coin:

/ Microcompuferé as Tools for Conducting'

" Evaluation Reseokch ard as the Focus of
" " Evaluation Research
ﬁresenfed by\

Peter J. Gray, Ph.D.

. @ecrch Assocw'

Research on Evaluation Program

. @ . wig
Northwest Regional Educational Laboratory
300 S.W. Sixth Avenue - Portland, Oregon 97204

JUNE 1984




MICROCOMFUTERS AS TOOLS FOR
CONDUCTING EVALUATION RESEARCH

<

POTENTIAL BENEFITS

o'Appropriotc m_icrocomputer software

for evaluation research tasks

POTENTIAL PROBLEMS

e People, orgrnizational, and

. technological factors to consider

s} PJG/ROEP
D JUNE 1984
NWREL
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{  EVALUATING THE USE OF MICROCOMPUTERS
"IN EDUCATIONAL SETTINGS

ASSESSING CURRENT CONDITIONS

e Instructional, admgnistfofive, and

support services uses

DEFINING DESIRED USES

e Policy analysis as an evaluation

research me_’rhod

EVALUATING IMPACT

£
e Efficiency, equity, and quality issues
PJG/ROEP
d JUNE 1984

@ NWREL
33
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TOOLS FOR CONDUCTING EVALUATION
RESEARCH TASKS

2
TOOLS: -
- 1 Word Data Base |[Calculation &
l TASKS: Processing | Management| Statistics ° Graphics |Communication
. ‘—4—4— - -
| Proposals & - | | ‘

Planning
: LMonagement _'i

Data Collection,
Araly<=, and
Interpretation

I Reporting

PJG/ROEP *Stand alone or integrated packages (.
JUNE 1984 oY
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WORD PROCESSING .

| PUG/ROEP
JUNE 1984
NWREL

Text Entry Plus

e Formatting
o Editing |
e Merging -
‘¢ Printing

Advanced Features

Hard disk compatability
o Macro—commands
o P-eview printing
e Lreates standard files
o Split scréens or windows
e Print selected parts of file

e Mouse compatability

85
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DATA BASE MANAGEMENT

« FILE CREATION AND MAINTENANCE
e FILE STORAGE AND MANIPULATION
« RECORD RETRIEVAL

* PRINTING

PJG/ROEP
JUNE 1984
NWREL
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CALCULATION AND STATISTICS
- SPREADSHEETS '

e Calculate and recalculate

e Table look-up
e Logical decisions

e Printing
STATISTICAL ANALYSIS

e Descriptive Sfd.’f-
e Nonparametic stat

e Linear models

e Time series

'l PUG/ROEP
J JUNE 1984
NWREL
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EREULIEE

GRAPHICS TYPES

. Busmess/presentohon |
. DeS|gn

PRINTING TYPES

e Character
e Dot matrix |
e Plotter (color, 3-D)

PJG/ROEP -
JUNE 1984 ul
NWREL

"ERIC
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| COMMUNICATION

TELECOMMUNICATIONS.

e Data communication
e Remote data processing
* On line data bank searching

e Electronic message systems

LOCAL AREA NETWORKS (LANs)

e Similar machines/programs

e Different machines/programs

d PJG/POEP
JUNE 1984
NWREL

89

‘ ‘ 91 -
] .



" PEOPLE, ORGANIZATIONAL, AND

TECHNOLOGICAL FACTORS......
PEOPLE:

o Attitudes
e Knowledge -
o Skills

e Interpersonal relationships




ORGANIZATIONAL:

e Goals

. Siruciure

"o Funding |
e Planning and development

e Implementation and evaluation




TECHNOLOGICAL: .
. Sofiwqre/h&rdwcre: / ,l'/ ,
Selection, Maintenance. Service, Support
o Facilities: ‘ |
= Spdée,FunHure.nghﬁng,

Power, Security

PJG/ROEP
. JUNE 1984
NWREL




ASSESSING CURRENT CONDITIONS '

FACTORS . ,

| Technological Organizoﬁonqi

| Instructional

CAl .
Problem Solving

Computer
Literacy/science

: _
Administration | S,
and R
|Support Services| = . B

U Y

Locaﬂ .
District—wide .

L
|
|
|
1

PJG/ROEP ~ | /
JUNE 1984 | ™~ ‘ ¢,
NWREL | e -

-

93 - J 1%
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DEFINING DESIRED USES

N

HELP WITH: =~

. -"Clorific_dtion
¢ Question developm'ent

e Data collection, gnalysis

Qnd inierpr'eiatidn.

e Adoption of alternatives and

their implications

PJG/ROEP
B JUNE 1984

NWREL
o 94 +4
LERIC L , 96



EVALUATING IMPACT

e EFFICIENCY

8

~« EQUITY

o QUALITY

PJG/ROEP
JUNE 1984
NWREL
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' . Presenter's Guide

Cost Analysis Workshop
\

The workshop follows the outline order exactly. First look at the
outline and read the "Cost Analysis Workshop" article. These two
resources describe the workshop.

Ner.t look at the transparency set. They follow the order of the

“outline. Important points and transitions are noted in italicized .
’ comments.* ' ' :

° The "Cost Analysis Workshop" article lists the materials to be handed out

to participants. All materials are included in this set of materials.
- See also the background materials file for additional materials.

’

*Following the transparency used for the workshop is the same transparency
shown with notes and comments.
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[9¢ 2

a
COST ANALYSIS WORKSHOP

[4
¥
-

Introdhction
what is cost -analysis? : y
Why do a cost study? '

Terminology '
. Cost analysis versus cost effectiveness analysis ... -
Descriptive versus_comparative:cost analysis studies

what is Cost Analysis? - <L .
Cost feasibility ' '
v Cost utility
. Cost benefit
Cost effectiveness
How to select a method tfg N
Consider the decision problem; are there alternatives?
Is the relationship of cost to outcome important to
the decision maker? ~ :
what outcome data are attainable?
Are effectiveness measures most relevant to the decision
maker? - b
How to conduct a cost analysis
Identify ingredients g .
what ingredients should be included? ,
when should different ingredients be included?
what is learned by listing ingredients? .
identifies components of the program -
points to reliability of the funding sources
Why budgets are not used as lists of ingredients

. cost out the ingredients
pricing
market
shadow
adjustments
if ingredients are shared (joint)

if ingredients last longer than 1 year

(annualized values)
if program lasts more than 1 year (present values)

distribution of costs

100
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Putting costs and outcomes_together B

Pransportation study gxample (see handout)

Computer training example in "Cost analysis for educational
ministrators®™ paper -

3 - ‘ .
Factors to cdrgider when deciding whether to do & cost study
Pragmatic .
are alternatives being considered - '
time .
cost '
availability of cost data
availability of outcome data
expertise of the staff 2 .
availability of expert resdurce
Political ) v

~ . 1s the decision maker interested in the results?
What factors besides cast and outcome might influence
the detision makers? : ‘
what are the advantages and- .disadvantages of cost’
analysis information?

rs -2

Exdrcises and discussion (20 minutes) e
Summary
-Streamlining’
Ingredients
! list only additional ingredients if program is an

/ adjunct to an existing program’
list only the.largest ingredients
use 4ngredients list of a similar program
set up budget so that future studies can use the
budget to list ingredients .
Costing out
use market prices as estimates . )
look at one year of program only so to avoid
- .having to adjust the prices ‘
' do not cost out "free" ingredients such
as volunteers :
use cost estimates figured by-a similar progran.
Outcomes
ignorg effects (feasibility)
estimate effects (utility)
use already collected data (last years)
use another program's data

Wrap-up .
Review the 4 methods
Discuss questions that could be answered in own district
using these methods 2
101
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c«sitmlysi?swmshop

A wockshop on cost analysis for school adminie-
teators hes been developed which provides an
introduction to four cost snalysis methods. This
workshop teaches skills needed for selecting the
most appropriste cost snalysis method to use in the
svsluation of an educationsl progcem, Deveioped by
. Jens Rey Smith, this cost snalysis workshop has besn
conducted in educational agencies in Acisons, a
Cslifocnis, end Colocrado.. .
Bach workshop participant ceceives s packet of
matecisls which includes sn outline of the workshop,
s glossacy of cost snylysis tecras, definitions of
the four cost snslysis methods, a set of exercies, .
snd 8 cecently published paper by Jena Key Saith snd
Nick L. Smith (1984) entitled ®Conversstional Cost
Anslysis for Rducstional Adainistrstocs.® T™ise
papec desccibes the four methods in detsil and
provides s listing of useful refersnces.

From Research on Evaluation lewsletter Vol 6, Isasue 4, Apr&& 1984, b. 2-~4 -

Rusearch on Evaluation Program

Northwest Regional Educational Laboratory
300 sS.W. Sixth Avenue

Portland Oregon 97204
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Tprogrem participants,

~

he three~hour workshop btegine with @ discuseion of
the ratlonals for conducting cost snelyeis etudise.
It ie pointsd out that traditionsl economiste haye
-looked only st costs, whils traditipnel sducational
ressarchers have logied only st program outcomes.,
At the present time, given funding cuts end the
gesulting increase in questions sbout the reletion-
ship of program costs to progrem outcomes, decision-
focused svaluators have begun to look at toth
progras costa snd pFogram outcomes.

The participante eze then introduced to potentiel
spplications of cost snalyais methods, beginning

with s discuseion of aight common questions that cen
be answered by theas methods. Thess ere quast ione
often ssked by aduinietretore, projram coordinators,
ond even mambece of the
ocomsuni ty. PFof exanpls, comsunity membere may ssk, -
*Mhat are w gotting for out tax money?® Workshop
perticipanta are sncouraged to genearate additional
cost-gelated questions that they have srcountered in
their own aveluation sxperisnce.

L4

.Onco the iurpon'ot cost shelyels msthods {n

°

sducst ional svaluation ie mpde clear, four methods,
cost teseibility, cost utility, cost benefit, end
cost aftectivaness srs detined in every dey terms.
Jor sxemple, the participante sce sncouraged to
imsgine themselves on @ cer lot looking st new
plckup trucke, Thay are givep the scenario that
they have saved $6000 to buy a nev truck tand don't
want to use credit) . They see Truck A for $5500 and
fruck B for $7500. Which purchase is feasible
within their financiel Eonstraints snd which ie

not? Obviously, it le fesasible to purchaes®

Truck A. This s an exemple of cost fesaibility
reasoning, .

Suppoas, however, the participante wented to go
beyond feaaibility end try to get the most for their
money? 10 they wers in farming and wanted the truck

. to haul hay, they might look st the power of ths

L

[

_ ante such ‘sa volunteera snd equipmcnt.

trucks. In this case, -Truok A will heul up to )
tons of hey, while Truok B will haul up to 9 tone of
hay. By comperirg the cost of the trucks to their
hauling effectiventss, you cen see that it will cost
$1,833 (5500/3) to haul a ton of hiy with Truck A,
compared to only $833 (7300/9) to haul a ton of hay
with Truck B, Clesrly, Truck 8 is the most cost
sffectiva selection. =

Once the diffarence betwesn the four cost snalysie
methods is urderstood, examples of their spplice-~
tions for sducational svalustion ste described. A
flow chart is used to delineats the steps of method
sslection. ‘ .

" the workphop .then becomes mors specific end looka in

detail st the atep common to ell cost snalyeie
msethodss assessing the coste of e progrem, ror
asesssing the costs Of a program, the ingrediapts
spprosch proposed by Menry Levin (1983) ie
recommended., Participante sre given the opportunity
to generste a comprshensive liet of 81l ingrediante
(factors) necessary to run a hypothatical second
grade reading program. Thie 1iat sust include sll
ingrediaonts of 8 Program, incuding “free® ingredi-
The coet of
equipment used must be cslculated sven if it i just
borrowed from another program for o few houre a week
(8.9., & computer). _ ;

‘Pollowing generation of this list of ingredients, en

sxplanstion is given ss to why the use of @ budget
for sstimating the cost of s program is insutticient.
For axewpls, & budget doss not include frae :
resources, 98y not include injredisnts that M ve
already bean peid for (such as the building), emd
way omit ingredients that are chared scroes programe.
The budgat, because it omite thess ingrediante, may
rasult in a dletorted pic:ure of what it tekes to
tun a program. Such 8 budget could not be used by
adminfatrators of snother school to estimate what it
would take for them to adopt the programe
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Once the concept of ingredients is clear, techniques
of determining the costs of such ingredients are
touched upon, HNere we look st uss of market snd °

> ghadow prices, snd price sdjustments that say be
needed if the program lests seversl yesrs or if the
ingredient has s longer life than the program

+itself, BSrcause these adjustments sre quite
technicsl, participants are introduced to the '
concepts in s genarsl, rsther than a detsiled,

. sAanner. ' 48_1

Pollowing that, actusl applicstions-of the four cost
snalysis methods in educational evsluation sre
discussed. Also st this time, additionsl Cactors
vhich may sffect the conduct of s cost snslysis sre
discussed. Proe the Resesrch oa Bvaluation Pro-
gram's ongoing series of studied on impediments to
the conduct of cost saslysis in education, a set of
pragmatic tagtors, such as the aveilsbility of dats,
snd the time anu the cost of conducting studies,
have been identified which sffect the conduct of a
cost analysis study. In addition, political
Cactors, such as the ‘ecision maker's support for
the study, have been shown to influence the conduct
of the study snd the use of study results.

Cconsiderstion of thesa factors is importsnt when
deciding whether to conduct s study and whién select-
ing the sost appropriste method for the analysis.
Pollowing this discussion, participants sre given s
set of excrcises which contain s practicel aix of
pregmatic and politicsl constraints snd sre ssked to
select the most appropriste cost snslysis method for
the evaluation.

Ths workshop conclules with s discussion of methods

of "streamlining® the steps of (1) listing ingredi-

ents, (2) valving ingredients, and (3) measuring

outcomes. Por each step, 8 minimum of four stresm-

1ining teuiiniques sre offered. PFor exasple,- in some
cases, only the largest lq:cdhnu might be listed,
Or already collected messules of outcomes may be

©

o

o

‘adopting any of the streamlining techn us. ¥
[ .

. 21-27. -

N LA
\ —
used. The effect of‘eh strenmlining e~ . Y
the relisbility snd validicy on the stud TEN
sized snd participants sre encouraqed tu £

with glutlon.

Develogsent of the workshop wes funded by the
Region ¢ Chapter 1 Technicsl Assistsnce Center snd
the Resesrch on Evsluation Progrsm. Por more infor-

_wmation about the cost anslysis workshop, corntsct Dr.

Jana Ray Smith, MWREL, 300 8.W. Sixth Avelue,

Portisnd, OR 92704,
Relerences
Levin, N, M, (1903). Cost-Effectivensss: A

Primex. Beverly Mills, CA1 Sage Pudblicstions.

Smith, J. K. & Smith, W, L, (1984), Convarsstional
cost snalysis, Manwsgement Information, 8chool

Informstion ahd Research Service, Olympia, WA, 1(5),

14
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This i8 a u;}t@red transparency. Points 1,2,3 refer to ‘layers of-t?e_transparenay set, .
) ’ . - L] J ’ * ’ ..
Why do we look at costs and outcomes in evaluatidon?? /p". .o ot
' . ) ) : t
In the past traditional economists looked only at costs, However, in doing this the decision.maker
may select the least expensive option without knowing i}ﬂit workg! You can rot cssume that an expensive
pregram works while an inexpensive one doesn't work) o Lo - -
- - : - . ) -

/ . : - > L
In contrast, educattonal'?eseapchers have focused on outcomés.' The problem here is that a program that is
‘only slzgﬁtly more effective may be much more expensive, You wouldn't know without looking at costs also.

The lDecision Focused View looks at what it costs to producd outcomes, This vidw has evolved due to reduced

funding to education. The methods were developed in Sgutnik era. (all three layers of transparency down For
: . e _ _ -
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- @ COST ANALYSIS WORKSHOP OBJECTIVES ®

f "Toincreuse understanding of.

4

e Four cost analysis meth,'od.s
» Method selection
e Cost ingredients 3

o~

o Cost-outcome ratios

e Factors affecting cost enalysis methods

® Techniques of "streamlining"

To practice identifying appropriate application

f.ﬁl



\,

-
o
Ye/

*The analysis ts limite
in terms of the infor-
mation it can provid
- but it can be useful
in _certain situations.
We'll talk about those
sttuations... contest

Ol uae.,

*We'll look at compari
8sons across 2 or more
programs-hence it is
a way to do a program
evaluation usually
within a school or
district. (not natio
wide or policy)
Programmatic level

*Aaalysis congists of
discrete steps--each
gtep alone can provid
useful tnformation,
You don't need to do
the whole thirg to
get goed information

*Have them look at packet materials now?*

4

®© COST ANALYSIS WORKSHOP OBJECTIVES .

Set parangters of the workshaﬁ
" and limitls of the appropriateness, of
the Methqds heve. Point out:

To increase understanding of: L

e Four cost analysis methods

e Meth Od S electi |0 n ‘given a situation or problem, which. analysis is
- most appropriate?

e Cost ingredients

L

e Cost-outcome ratios

e Factors affecting cost analysis methods - roziticar and

practical

e Techniques of “"streamlining"

or ways to make the analyst:
more feasible or "do-able" in
educatignal evaluation

3

To practice identifying appropriate application using set of

rerciges involving
. ] eaucatzonal/evaluation

¢

. | 111



QUESTIONS ASKED BY.:

MANAGER (OR CONSUMER)
e ADMINISTRATOR g
® PARTICIPANT

COMMUNITY

ile



Why did the decision focused view evolve:

To answer

QUESTIONS ASKED BY:

® MANAGER (OR CONSUMER)- s somitris

adopting the program

.. ADMI N ISTRATOR - #ere o the most moneﬁy being sp%nt?

. OTITIT -

® PARTICIPANT - et an 1 gecting son my money:

C O N\ MU NI T Y.. Where do our tax monies go?

You can either show the next slide and tdentify the askers of the questions - -
Or have participa.ts generate a list of questions about costs and/or outcomes

\) * 1 1 4 .
- b J - .
A i Tex provided by e B .




TO ANSWER QUESTIONS

e What resources are needed to run the program?
o Whut_m"akes the progruam so expensive?
® Cen we afford the program? B N

® Can we afford the program in 19877 .

[
[
N

® Will we have funding in 19877

® What are start .up versus maintenance costs?

® Which progrdm gives us the most outcome for the least money?

® How can costs be minimized?




Such As...

¢ .
9

® What resources are needed to run the Program?- ranager/admin,

e

® What makes the program so expensive? - adwin./comunity
® Can we afford the program? - (can we afford to start it? Can ve afford to
: maintain 1t?)

® Can we afford the program in 1987 7?- given infration ete.

® Will we have funding in 1987 ? - How reliable are the funding sources

£TT

® What are start up versus maintenance costs?

L Which'program gives us the most outcome for the least money?

® How can costs be minimized?

———-

Cost Analysis steps can answer these questions. The resultant information can be used in decision makirg.

118
N 117
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¢ COST ANALYSIS ¢

~eCOST FEASIBILITY

eCOST UTILITY
eCOST BENEFIT

eCGOST EFFECTIVENESS

114

119



Definition time. PeopZe will get terms mixed up.
to describe. the 4 methods below.

deseribe the 4 methods.

We use Cost Analysis (CA)
Levin used cost effectiveness (CE) to

The problem here ig that people start|asking about

the CE of, a cost utility analysis!, Be careful to not mix the rms up as you
describe them

e COST ANALYSIS

.COST FEASIBILITY - Deseriptive of

1 program or comparative to gelect between 2 or more programs

eCOST UTILITY

() C O S T B EN EFI T | - Comparative - to gelect

| between & or more programs

¢

—— Comp

e COST EFFECTIVENESS

115



INPUT

4

Costs

Costs

. “Costs

Costs

COST-ANALYSIS METHODS

OUTCOME

Estimates

PDirect measures

Monetary measures

121

METHOD

‘Feasibility

Utility
Effectiveness

Benefit



. © . 3
Refer to hand-out that defines the 4 methods.
Cover columns & and 3 and point out that the common denominator of all methods is assessing cosis!
The difference between the methods is the way they look at outcomes. Say "We all do cost analyses
every day," and describe each method in practical terms.
For example, consider buying a car”

*

4

i

o ‘  COST-ANALYSIS METHODS

INPUT OUTCOME | METHOD

- \
Costs | cecceee Feasibility - can T afford 1t?
- Costs Estimates Utility - Do I need it? Is it useful? ,
Costs °  Direct measures Effectiveness - ich model runs

better for least money?

Costs Monetary measures Benefit - #hich model has better

resale value? Can theoretically compare
different types of outccmes. There are
some definition problem. that may be )
brolight up by participa tg, - say that, for
now, CB 18 best for comparing outcomes of
game or gimilar types of programs-

e.g. not $ value of health ed. versus

$ value of typing training. Rother
corpare typing with computers (e.g.
stmilar skills)

* Of course, in buying a car these lypes of
information won't determing exactly which
car you'll buy! Other facciors always
affect a decision such as family needs,
personal preferences for sportiness etc.

A 18 not a determinant - just another

bit of information for decision making.

N\

123




PRICING METHODS - ° ADJUSTMENTS FOR PRICING
' MARKET PRICING  JOINT COST
'SHADOW PRICING' ~  ANNUALIZED COST

PRESENT COST:

P
2
bz




f ]

I don't use this gince it is too complex. You should, - however, be aware of these concepts.

‘ " PRICING METHODS  ADJUSTMENTS FOR PRICIN

1/2 time

MARKET PRIClNG J0|NT COST - if shared ingredients e.g. Ms. Jones

SHADOW PRICING - ANNUALIZED COST - if computer or building

lasts more than 1 year - figures value based on
depreciation and interest

PRESENT COST - if program lasts more than

User annualization table in Levin's book one year

61T

> ——_y
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4+

Mention CF first gince there are no outcomes. Next move to CU & CE - both use
outcome measures very familiar to evaluators Could have partivipant generate
this list,

‘"\\“‘&ugfrst we'll luok at conceptual models then go back and deseribe them step-bu-

| \ UTILITY AND EFFECTIYENESS"

—

o LEAIR' NING .. —

° SATISF AC.TIO N - parents, éommnity, participants
-PHYSICALSKILLs-tyingshé%s, o

® PROGRAM COMPLETIONS

e REDUCTIONS IN DROPOUTS

e EMPLOYMERNT o% GRADUATES

COLLEGE PLACEMENT OF GRADUATES'

120

127



“UTILITY _AND EFFECTIVENESS

LEARNING |

SATISFACTION

PHYSICAL SKILLS

PROGRAM COMPLETIONS
REDUCTIONS IN DROPOUTS

EMPLOYMENT OF GRADUATES

COLLEGE PLACEMENT OF GRADUATES

121



BENEFIT _ o
O.-DOLLA’.R VALUE OF LITERACY "
| e INCREASE IN INCOME

e DOLLAR VALUE OF IMPRIOV‘ED QUALITY oF LIFE

6 DOLLAR VALUE OF INCREASING LIFE
1 SPAN BY 2 YEARS

® COST SAVINGS TO PARTICIPANTS

Pt
g
w



Mention again, benefit allows comparison.of very d1}farent. types of outcomes auch as math and veading. Note
"that such aomparisons rarely oaou: in eduo. evaluation, Ratheyr, it i8 a comparison of reading CAI versus
reading Tutor. For this workshop we will attend primarily to lenefit of programs wtkh same or similar outcomes.,

BENEFIT

e DOLLAR VALUE OF LITERACY

} | .

® INCREASE IN INCOME - o.g. woaationa eduation

e DOLLAR VALUE OF IMPROVED QUALITY OF LIFE-eweee

reduction, '"willingness to pay"

€21

® DOLLAR VALUE OF INCREASING LIFE .o mokin
S PAN B Y 2 YEARS heart patient rehabilitation

© COST SAVINGS TO PARTICIPANTS - i taughe o do sametiing

they 'd have to pay someone else to do,e.g. mechanics,

gelf care,

13c A




~ PMETHOD SELECTION ¢

-J_m .

DECISION PROBLEM?

IS THE RELATIONSHIP OF COST TO OUTCOME
IMPORTANT TO THE DECISION MAKER?

) ~/’No. - " Yss\ L
COST FEASIBILITY ARE GUTCOME DATA
ATTAINABLE? |

| oV ‘ YES\' -
COST UTILITY ARE EFFECTIVENESS MEASURES|
- MOST RELEVANT TO THE
DECISION MAKERS ?

COST BENEFIT 151 gosT EFFECTIVENESS) .




re

o peview the methods just deseribed have participants work through this decision tree.

'
o)
wn

¢

PMETHOD SELECTION ¢

S
I make them answer each step while - : '
DECISION PROBLEM?

I keep the answers covered. On last
step the "No" step to (B is awkward -

and another step would gsk

IS THE RELATIONSHIP OF COST TO OUTCOME
IMPORTANT TO THE DECISION MAKER?

YES |
\

‘|- ARE GUTCOME DATA
L ATTAINABLE?

YES
\

/NO

COST FEASIBILITY

,_._a_JI / I |
17 . NO . YES
Yes / . ; _ | \
’ ‘ COST EFFECTIVENES S’

- LCOST BENEFIT
132 | , ' '

| /NO -
COST UTILITY ARE EFFECTIVENESS MEASURES
. ‘ MOST RELEVANTTO THE
I8 a dollar value of outc'omé relevant? DECISION MAKERS ?

bk
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INGREDIENTS

®ALL RESOURCES LISTED ( INCLUDING VOLUNTEERS )

oFINE DETAIL NEEDED (E G, PERSONNEL VERSUS TEACHER A,
TEACHER B, ETC.)

®CATEGORIZE BY ORDER OF COT MAGNITUDE
 (E.G. PERSONNEL FIRST)

/

‘



-

“Now to Costs -
First step ia to list "Ingredients” or "Factors! needed to _run_the program, Cpst i8_irrelevant. here. .

s e gL yourwant 1e a—Zzstzng ‘of “items necesadary for ‘the program.

[
N
~

QCATEGORIZE‘ BY ORDER OF COST MAGNITUDE
1 (E.G. PERSONNEL FIRST)

. INGREDIENTS -

oALL RESOURCES LISTED ( INCLUDING VOLUNTEERS )

and 'free'! resources

not but rather

) oFINE DETAIL NEEDED (E. G/\PERSONNE' VERSUS/\TEACHER A,
TFACHER B, ETC.)

136 \ N 13y
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INGREDIENTS . BUDGET

/ Includes "freed resources

Includes "sunk'" resources

Includes only financial resources

May not include "sunk''resources

Shared materials may be included

All materials even if sharad
inonly one program's budget

by another program
(e.g. computer)

821

Costs figured for total Costs figured for fiscal year ol'nly

program span

-Based on spent resources Based on allocated resources

138




ERIARTEL LA b

NETTIe Ve e

Inevitably people say - Well, why can't we just use our budget?

ottt e Jem gt 4 s S She S0 8eam 0% etesasTasl Sim mupiesTer - e smamamter o b e e
[Gemrer it iagt o in Mt hati A I 2 PR e R Lo -

K INGREDIENTS

Includes 'free" resources

: Includes "sunk'" resources
' ' e.g. room rental if building already vaid
Wit dden® All materials even if shared
costs —J Dy another program

(e.g. computer)

.
°

Costs figured for total
Progrﬂm Spﬂn-to avoid one time -

capital outlay distortion (e.g. bus cost)

Based on spent resources

BUDGET

Includes only financigl resources

I May not include "sunk"resources

Shared materials may be included
inonly one program's budget |

Costs figured for fiscal year only |

Based on allocated resources

Shows - maybe, what your school pays-but wouldn't tell
others what they would need to implement the program!

141



THE ..INGRED_IENTS APPROACH TO MEASUﬁlNG COSTS

CATEGORY ~ COST  TOTAL .




»

Have them 1ist ingredients. You might provide a descrzptzons of a program
. and have them generate ingredients such as:

S THE INGREDIENTS APPROACH TO MEASURING COSTS

"'« Note: Note how useful it 18 to Just list tne ingredients to ‘show what it
takes to run tha,program!

. CATEGORY  |cosT 7 jOTAL | q

' Pergonnel

Mre. Jones 1/2 time

Mr. Smith full time

Susie - tutor

Rental

roc rental

| Equipment .

Apple ITe

baper

manualsa

Mise. evaluation
staff training

LY

/

You could use the Chapter 1 example here too.

131 1 43
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COSTS TO:

e SPONSOR
| * OTHER AGENCIES

e VOLUNTEERS (CONTRIBUTED INPUTS)

(IMPOSED INPUTS)

PARTICIPANTS

144



N

Besides identifying costs, the reliability of funding can be :.:termined. This lets you better
angwer the question - will we have funding in 19877 . ) .

% DISTRIBUTION OF COSTS %

You may find a distribution for program to be 2/3 district
funded, 1/6 State and 1/6 federally funded. .

COSTS TO:

e SPONSOR .

e OTHER AGENCIES

-EET

¢ VOLUNTEERS (CONTRIBUTED INPUTS) - donatei cquipnent

personnel time

PARTICIPANTS (IMPOSED INPUTS)



b

. PROGRAM

A

COMPUTER SKILLS TRAINING -
COURSES

# STUDENTS

20

20

147

134

LANGUAGE

BASIC”

HANDS-ON

N¥ORKBOOK



— " COURSES,
- ,ProcrAM  * # STUDENTS LANGUAGE
A 20 . BASIC
| HANDS -ON

|
!
|

)
{

°

T e

Now to an example., SIRS paper (Cost Aﬁplysis for Educational

Administratars)“p.~21 , '

o
.
s

t
\

This example compares 2\
\

COMPUTER SKILLS TRAINING -

B o 204 WORKBOOK

[

mLooécat p. 22 where program costse are figured.

WHERE

cC

HS

Point ‘out

that only costs in addition to regular classrvom costs are

caleulated.

*Smith .&’ Smith (1984).
135 1

The listing of the costs is the cost feasibility analysis.

&



- TABLE 2

COST-UTILITY ANALYSIS

PROBABILITY
UTILITY
EXPECTED UTILITY

COST PER PUPIL

COST-UTILITY RATIO

PROGRAM A
6
6
{.6) (6)-=3.6
$500

$500/3.6+$138.80
149

PROGRAM B
2
6
(.2)6+1.2

- $300

$300/1.2+$250.00



[
W
~J

P, 23* This example only looks at one outcome so utility. doesn't really ne. ! to be included.
had, say, a "comfort" index for computer use you'd add the written-in figures.

COST-UTILITY ANALYSIS

8

b. Probability (inoreasing comfort)
UT“_]TY (increasing test scores)

b. Ucility

- EXPECTED UTILITY (zest)

b.  Expected Utility (comfort)

COST PER PUPIL

Q

(increasing comfort)

!

COST-UTILITY RATIO

©AOf Smith and Smith, 1984.

PRORABILITY (increasing test scores)

TABLE 2.

PROGRAM A

Do

o
(.6) (6):3.6
(.6) (5) = 3.0

$500

$500/3.6-5138.80

500/ 3.0
+
3.6
500/6.6 = 75.75

PROGRAM B

2

.4

6

(.2)6+1.2

(.4)(8)= 2.0

$300

$300/1.2:$250.00

If you also

v
. -t

-

<




| TABLE 3
COST-BENEFIT ANALYSIS

AVERAGE
- AVERAGE COST BENEFIT OST/BENEF! _NET BENEFIT
@ \
PROGRAM A $600 $400 500/400:1. 25 -$100 |
PROGRAM B $300 $600 300/600= .50 +$300
152




- P24 *
TABLE 3
COST-BENEFIT ANALYSIS
Increase znaoin‘eA pér ye N .
| AMEBAﬁE_C.QSI .BENEFJL:‘ ~ COST/BENEFIT ~ _NETBEMEFIT
" » .
® Restricted job market since less It cost 81.25 to raise 400-600 =
PROGRAM A $500  lowwae->$400 500/400=1, 25 inocpe $1.00  $100
. Perhaps more jobs since more It cost 60¢ to raise 600
PROGRAM B 300 s 5600 300/600= .5( g b $1.00 *szﬁ&
*0f Smith aﬁd Smith, 1984,
154




. TABLE 4 |
COST-EFFECTIVENESS ANALYSIS

, - cosT-.
COST PER PUPIL EFFECTIVENESS _EFFECTIVENESS
PROGRAM A - $500 20 POINTS $500/20-$25
PROGRAM B '$300 5 POINTS - $300/5 -$60

ot
o)
ol

1



PROGRAM A

PROGRAM B

" TABLE 4
COST-EFFECTIVENESS ANALYSIS

o

COST-

COST PER PUPIL EFFECTIVENESS _EFFECTIVENESS -
$600 20 POINTS $500/20-$25 =—
$300 ~ 5POINTS © $300/56 -$60 =—

If Ch 1 audience might mention error band around
NCE's or how to interpret if gain i8 in percentiles



COMPARISON
CosT | _ o - SELECT
FEASIBILITY - B
| Uity N o | A
BENEFIT | B
EFFECTIVENESS | : ] A
o
157
142

ERIC

Full Tt Provided by ERIC.



p. 26

COMPARISON OF EXAMPLE ANALYSES OUTCOMES

-

CosT T | SELECT
FEASIBILITY  “ st dosts | .B
UTILITY effectivencas = hands on A
BEN‘EFIT income = workbook | B ®
EFFECTIVENE#S effectéveneu = hands on A —

/
/
’

\ This pointa to the tmportance of identifying relevant
program outcomes prior to conduct of the study, . JYou
would not ordinamly do all 4 analysea, This is for
example only. .

BEST COPY

143
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ERIC . ‘
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PRAGMATIC
EXISTENCE OF ALTERNATIVES

CTIME

COST

AVAILABILITY OF COST DATA.

'AVAILABILITY OF OUTCOME DATA

EXPERTISE OF THE STAFF

AVAILABILITY OF EXPERT ADVICE

144



»

Congider theae carefully béfore undertaking a CA study.

PRAGMATIC

® EXISTENCE OF ALTERNATIVES - 2o

more programs ..eed to be compared? if not - what's the decision?

@ T I M E - It ay not more time than an outcome
evaluation dependi on dvailability of cost data

e COST

© AVAILABILITY OF COST DATA-if"_ot»

Just do outcome evaluation

o AVAILABILITY OF OUTCOME DATA

Consider CF or CU

o EXPERTISE OF THE STAFF

l ® AVAILABILITY OF EXPERT ADVICE

160
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POLITICAL

J IS THE DECISION MAKER INTERESTED?

| ¢ WHAT OTHER FACTORS MIGHT
~ INFLUENCE THE DECISION MAKER?

e WHAT ARE THE ADVANTAGES AND
DISADVANTAGES ?

161



LPT

POLITICAL

¢ IS THE DECISION MAKER INTERESTED ?

Will the informaticn be used? If not, why bother?

S
e WHAT OTHER FACTORS MIGHT
INFLUENCE THE DECISION MAKER? - If decision makers

can't agree on outcome measures - no analysis will fit.

Is funding available to support at least 1 -program?

e WHAT ARE.THE ADVANTAGES AND
DISADVANTAGES ? o wins ohis infomasion

What if the most pulitically preferred program is least cost effective? ete.

* Exercises should be complete! by participants now.



OUTCOMES

® IGNORE EFFECTS (feasibility)

® ESTIMATE EFFECTS (utility)

®© USE ALREADY COLLECTED DATA (last years)
,. -

® USE ANOTHER PROGRAM'S DATA

STREAMLINING

164

M



OUTCOMES
o IGNORE EFFECTS (feasibility)

® ESTIMATE EFFECTS (utility)

® USE ALREADY COLLECTED DATA (last years)

® USE ANOTHER PROGRAM'S DATA

STREAMLINING

Conclude with discussion of uses in the audiences schools/districts

165



COSTING OUT

® LOOK AT COST OF PROGRAM
FOR ONE YEAR ONLY

® DO NGT COST OUT "FREE" INGREDIENTS

® USE COST ESTIMATES FIGURED |
BY A SIMILAR PROGRAM

STREAMLINING

166 |



T . . . |
Y . |
\ | o

These teohniques are reasonable - they do, however, compromise the results. Hence, their influence on
anclysie resulte should be recognized...These streamlined techniques should be used for local evaluations

only(not to be published ete. since they estimate cost for the speaific school/district only)

COSTING OUT

¢ LOOK AT COSTOF PROGRAM '~ Then annualized & present
FOR ONE YEAR ONLY value adjustments are not necessary.p

® DC NOT COST OUT '"FREE" INGREDIENTS

® Only cost out ingrecients *hat go beyond regular program costs. (additional ingredients
only)

® USE COST ESTIMATES FIGURED
BY A SIMILAR PROGR/‘\M - if in youb district ete.

IST

e e e e e —ee et
STREAMLINING

Note: Listing ir;vedients is sinple, s0 no streamlining is »ecommended for that step. 168

L4
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HANDOUTS .AND REFERENCES FOl
PRESENTER'S GUIDE COST ANALYSIS WORKSHOP

4

COST AMALYSIS METHODS
“n

ooof fcasibility cstimates the costs of a progras or programs with |
‘ Tescurces avallable to see if they are atfordable

+ useful for program planning .
does not measure effectiveness

cost utility ocompares coitc and outocomes for two Or more
progzams, where outcomes are gstimpted

many types of outcomes can be included
‘imperfect information and uncertainty can be
eddressed systematically

- results are not replicable

e

cost benefit .compares the costs and outcomes for two or more
' programs, wvhere cutcomes are measured in dollars

many types of outooces can be included
analysis is replicable
it is difficult t= ~alue educational outcome

monetarily t ‘ -

+ <+

cost effectiveness compares the costs and cutocomes £or two or more
programs, where outcomes are msasured in test

scores, behavioral ratings, etc.

+ effects data may be availesle
+ analysis replicable
- can only compace programs with similar ocutcomes

oY

BEST COPY

Research on Evaluation Program

Northwest Regionel Educetional Laberatary
& 300 8., Sbah Aveaus
Portiand, Oregon 7204
Telsphone (503) 248-0800
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Conversational cost analysis -
for educational administrators .

By Jana K.-fmith and Nick L. Smith

-~

Thete is no need to begin this paper with
a description of the stress placed on educe

tional systems by budget reductions. MNor is
it necessary to point out increased demands
for accountability. These are now familiar
issues faced daily by educational administra-
tocs. What is not as familiag to most of us,
however, are the seeaingly esoteric cost
analysis techniques that are being touted as
the best methods for managing remaining avail-
able funds and for peoviding accountability
data. . o

 Cost analysis is not really.
as unfriendly or forbidding

as many educators imagine

-

Cost analysis sounds mechanical and un-
feeling, and scme pecple would probably prefer
to keep such methods out of education. BEduca-
tional benefits cannot be translated into
dollars! Other people are put off by the
apparent complexity Of ocost analysis tech-
niques. Fowever, cost analysis is not reslly

as unfriendly or as forbidding as many educa- .

tors imagine. .

In.the next few pages, we will introduce
you to four common cost-analysis methods and
provide examples to illustrate thut these
techniques, as applied to the ¢ .cluation of
instructional programs, ate Nuch more
straightforward and understandable than you
aight have thought. We are assuming that most
school administrators will mot econduct cost-
analysis studies themselves but instead may
work with consultants or evaluators who do.
Still, the administrator needs to be able to
understand the aethods sufficiently to make
decisions based on the results as wvell as to
explain his or ber decisions to others. After
describing the four methods, we Otffer guide-
lines, suggestions, and references for doing
cost scudies. -

Cost-Analysis Methods

The four formal cost-analysis methods seen
as having the greatest usefulness in education
are cost-feasibility, cost atility, cost-
benefit, and cost-effectivemmss analyses
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From: ‘Management Information, School
Informatiori” and Research Service,

°

(Leving 1981). The first method, cost-feasi-
bility analysis, is useful for detendining
whether a program is affordable within budget-
ary oconstraints. The last three methods
enable you to combine outcomes with costs to

First a method to determine
. budget feasibility; three
methods combine outcomes,
costs to determine most
cost-efficient program..

dou:pino the most cost-efficient prograns,
Levin (1981, 1983) provides an excellent
introduction to the use of these four methods.

We will first discuss each cost=analysis
method and then apply it to the same hypothet-
ical educational problem tO help you compare
the differences in the methods, The problem
concerns a camputer skills training -course for
‘high school seniors, for which two alternative
ten-week instructional programs are being
considered. Program A involves teyching 20
students five hours weekly in the programming
language BASIC at & community college Rmicro~-
computer laboratory across town. BEach student
is o have a persomal microcomputer for use
during classroom hours and Aaccess to the
laboratory's ptogramming consultant as well as
to the special computer instructor hired for
the program.  Program 3 is offered by the
computer instructor to the 20 students at the
high school and involves intensive workbook
exercises .in three different computer lan-
guages. In addition to four hours of weekly
instruction, these students will receive one-
hour weekly °®hands-on" experience scheduled on
the - high school's single microcomputer. We
will return to this problem to illustrate each
of the four methods,

Cost~M :8ibility 'Mllylil

Cost-feasibility analysis e:it.sates the
cost of a program or of alternative prograns
to see whether the program or vhich of the
alternatives are possible within existing
financial resources.

Management Information, January 1984 21
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arious components of each alternative
and then compare total costs with the amount
of tesources available. Cost estimates might
be the costs projected befoce programs are
actually implemented, ot tabulations  of agtual
costd incurred by existing pecograms.
feasibility does not deal at all with program
outcomes, and therefore provides no way of
combining costs and outcomes in an onuu
analysis, .

cost of

c:m-eo'uuuu:y methods are most ’appco-
priate when program outcoses can be sssuged to
be equivalent or when decision makers conndu
' program outcomas to be irrelevant, ‘rot
example, one cost-feasibility s conducted
in Ocegon determined the costs of owning & bus
tzansportation system versus contracting for
bus transportation services, The achool
district assumed that both alternatives would
ptovide oqutulont transportation :vteu and
80 outcomes were not measured (J.' K. Saith,

. .

Coat= .

LY

studies, however, is that summarizing costs
without mmung ‘outcomes results in know-
ing which of several alternatives is cheapest,
without 'knowing whether any ol thu ptoduco
the desized zesults., -

| ~'c«-:sMcasmmty methods

are most appropriate when
program outcomes are
oqulvalont or irrelevant

In the case of th: computer eutntng pro=
gcams, cost-feasibility is simply determined
by estimating the expected (or actually
incurred) costs of each alternative, The
total cost s calculated by identifying all
the components (ingredients)

needed to un .

1983) . The problem with most cost-feasibility each program, “deteraining the cost of each
’ ) : ‘ . l/
]
Table 1 ‘
Cost Bstimates®* of Two Computer Skills
Training Prcgrams
Program A Program B
Personnel Computer Instructor $4000 Couputer Instructor $4000
($80/day x S-day/wk = 10 wks) ($80/day x S=-day/wk x 10 wks)
" Programming Consultant $1000 '
($20 per hour x S hzs x 10 wka)
Pacilities Rent of microocomputer
laboratory and machines. $2400
($48 per hour = S hr/wk x 10 wks)
Materials Computer Manuals $ 600 Ooqutu Manuals $1800
($10 per manual x 1 language x ($10 per manual x 3 languages x "
3 manuals x 20 students) 3 manuals x 20 students)
Wor kbook $ 200
" ($3.33 per workbook x 3 work-
books x 20 students)
Transportation Bus to Microcomputer
' ' Labocratory s $2000
($20 per trip x 10 trip/wk
x 10 wks)
Total $10,000

$6,000

*Only program costs in addition to normal school costs are included here, a full cost listing would
include all costs (e.g., even cost of "rent® on program use of classtoom, etc.).

171 BEST NPV
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_Table

.. for the course.
tor would select Program B, since it is -the
T "less expensive option. . ' -

SawsT COPY

H

{ngredient (ul.utn{. and summing the oosats.
1 contains a sample cost sumsary for the
two prograss. The to*al- costs are estinmated
to be $10,000 for Progras-A and $6,000 for
Progzam B. At 20 students per class, the cost
per student is $500 in Program A, and
Progzamn 8. Which program alternative 1is
feasible depends upon the budget allocation
Most likely, the administra-

A

. In contrast to cost-analysis methods,
traditional educational evaluation studies
exanine outcomes without attention -to costs
and can resylt in selecting a progran alterna-
tive that is only marginally more effective,
but pomidoub&y"ﬁ?o expensive than other
alternatives. Wew instructional technologies
often fall into this latter category. In our
computer training cost-feasibility example, we
can see that examining only costs tells us
nothing about the outcomes of either alterna~

~$300 in

tive.' Only by incorporating both costs and ~

outcomes within comparative studies of program
alternatives can one reliably detersine which
uto:ntivo is more effective for 8 given
cost, or how much it would cost to obtain s
desired level of outcome.

The following three

technigues allow us to combing both costs and .

outcomes in a single analysis.

~

Cost-0tility Anllxli s

Cost-utility analysis goes one step fur-
ther than cost-feasibility and estimates the
probability of the expected outcones of each
alteznative, In this method, no actual out-
cone data are collected, but rather estimates
of outcomss are projected. This analysis is
helpful wher outcoms data are unavailable,: but
scme assesssent of probable outcome is pos
sible and desirable., One problem with cost-

© o

——100l for adainistrators when funds

'

e . -

utility analysis is that the measures and
analysis are not based on actual measures ot
outcoma, oconsequently, the results will usual-
1y ditfer, depending on who does the analysis.
This form of analysis is useful as & planning
for a
formal evaluation are not available, when time
constraints prohibit a lengthy data collection
process, or as an aid in group discussions of
possible program effects. .

Cost-utility analysis Is
. useful as a planning tool
~ when funds for a formal .
‘evaluation are not available

Cost-utility analysis can readily be
applied to our computer training course
example. Pirst, ve already Kknow that Program

A costs $500 1= pupil and Program B costs
$£300 per pupil, However, Ve have no indica-
tion which program is more effective. Cost-
utility analysis provides a systematic way to
estimate the probable outcome of esch alterna-
‘tive. The Steps of a cost-utility analysis of

‘the casputer training alternatives are listed

" bglow and summarized in Table 2.

1. REstimate the probability of desired out-
comes for Prograa A and Program B. Assume
in this case that the expected outcome is
an increase of five points on & standar &~
ized test of casputer programming skills.
yor Program A, a 60 percent chance of such
an increase is anticipated because of the
excensive time spent on the machines,
while for Program B. only a 20 percent
chance of such an increase is expected
(Bee Table 2). Estimates of probable out-

\ Table 2

Cost-0tility Analysis of Two Computer
Training Programs

Probability of raising computsr
programning test scores by S
points

otilicy of raising computer
programming test scores by 5
points

Expected utility

Coat per pupil -’
Cost=utility ratio

“4

156

__brogramh __Program
.6 .2
3 6 '
(.6) (6)=3.6 (+2)6=1.2 f
$500 $300
$500/3.6=$138.80  $300/1,2=8$250.00
172  Management information, January 1984 23



comés can be based on prior knowledge of
similaz programs, consensual agreement
among knowledgable individuals, an average
rating of a number of Ataff, or even &
single individual's estimate.

3. Place an importance or utility value (usu-
ally based on a l0-point scals, with 10
ceptesenting the highest value) on the
estimatad outcomes. In oOut example, ve
judged that the utility of raising the

- computer programaing test scoles Was the .
. same for each program and gave it a' value

3. Calculate the o(p.ctod utility of each

©  peogzam by sisply multiplying the expected
outcome by its utility. As illustrated in
vable 2, the expected utility for Program
A is three times that of Program B (3.6
versus 1.2). , '

4, Compute the cost-utility zatio by dividing
a the ¢ by the expectsd utility. In out
' example, the cost-utility ratio for Pro-

gcan A is $138.80 (500/3,6) and the cost-
utility ratio for Program B is $250.00
(300/1.2) . )

The decision maker would probably select
.progtam A as the best alternative. Given its
higher probability of achieving a five-point
gidin, Alteznative A is the must cout efficient
and the best use of resocurces in spite of its
higher coat.

Cost-Benefit Analysis

Cost-benefit analysis is based on objec-
tive outcome measures which can be expressed
in terms of dollars. Therefore, it prevides
ceplicable ctesults and snables you to compace
not only alteznatives for a given progras, but
even alternative programs which have different
outcomes. Because all outcomes are expressed
in common terms (dollar benefits), one can
compate Crteading prograss with counseling
ptogtams with athletic progtans. The major
prtoblem with using cost-benefit analysis in
evaluaticns of instructional programs is the

!
!

and educators alike are skeptid¥l about dollar
values assigned to such outcomss as increased
music appceciation, teading ocomprehension,
self-confidence, of math skills, and aay oon=
sider cost-bensfit analysis as imappropriate
for pcograms with these outcomes.

A cost-benefit analysis can be applied to
our cosputer Sfaining exsmple. Assume that
both computet, tzaining prograss have been in
effect for ,Cvoul. years, each in a different
high whoo}. Because of the tecent push for

- vocationsl training, adainistrators ace inter~

ested _in the differential earning povers of
students from the two prograns, We alrzady

" know that Progcam A costs $500 per pupil and

Progzam B costs $300 per pupil. We can com~

‘pate the yearly income of a sample of recent
graduates of both programs to the tncao,o:/- -

studeits who did not pactticipate in eithe

pcogram. Assume that ve find graduates grom
Progtam A earned an average of $400 more a
year and graduatus from Prograr. B eatned an
average of $600 woze a year than the compat i-
son .group of graduates who patticipated in
neither program. We might suspect that Pro-
gzam B graduates earned moce than Progcaa A
gtaduates because they knew & wvider range of
prograsming languages than Progras A students.
(In this example, we are looking at only
stacting pay diffetences and so did not esti-
mate 1life-long incoms., There arce standacd
econcmic methods for estimating life-long
incoms, but those methods go beyond the sccne
of this papsr and are not diacussed hete.)

The cost-benefit ratios for this example
can be found by dividing the cost pet atudent
by the benefit for each student (See Table
3) . 1In this case, the cost exceeted the bene-
git in Progzas A (B500/8400); it cost $1.25 in
progtam funds to increase each student's in-
come by £1.00, The cost-benefit ratio (§00/
$600) from Program B, however, shows that the
benefits are twice that of the cost: it cost
only 5%0¢ in progcam funds to increase each
student's income by $1.00, Nst benefit, or
the amount of benefit accrued beyond the cost,
can bs calculated by subtracting cost from the
benefit, For Progran A, the net benefit s

~$100 per atudent, while for Program B, it is

difficulty and meaningfulness of assigning
$300 ‘per student. Based on the coat-benefit

“ dollar values to Pprogtam Outcomes, Pazents

Table 3

Cost-Benefit Analysis 'ot Two Computet
Training Programs

t

Average
Avetagd Cost Benefit Cost/Benefit,  Net Benefit
Per Student Pez Student Ratio Paz Student
Program A . $500 $400 $00/400m1,25 -$100
Program B $300 $500 ' 300/600= .50 +8300
Q
B : . 1 r
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ratio and the net benefits, Program B is
clearly the better of the two alternatives if
one is interested in increasing student inocome
after graduation, Progras B's overall cost is
less and its benefits ace greater.

Program B is clearly

better if one wants

to Increaseé student
income after graduation

/ .

gu-luocuvonul Mllxlll

Cost-effectivenass analysis consists of
representing projgams outcomes, not in terms of
dollar units, but in terms of other effective-

_ ness units, such as reading scores, attitude

scores, Lehavioral ratings, and s0 oh, Many
of these effectiveness measures are the stan-
dard outcome BeAsures curzently used in educa-
tional evaluation.. Because you do not convert
all outcomes to the same unit (i.e., dollars),

you cannot use cost-effectiveness analysis to '

compare actoss programs (€.9., to ocompare
reading programs to athletic programs).
Ganerally, however, this bas not bean a peob-
lvm in educational evaluation,’ since such

_comparisons bave been of less interest than

comparisons between progranm alternatives, .such
as which of two instructional stzategies mos
effectively improve reading soores. .

let us now apply cost-effectiveness apaly-
sis to our computer training programs. The
program costs are the same as in the preceding
examples. Suppose we obtain a measure of
effectiveness by administering a standardized
test of general computer programming skills at
the beginning of each ocourse (pretest) and at
the end (posttest). The effectivenass of the
two programs can then be compered by seeing
how much the students gained (posttest = pre-
test) . Suppose studen.3 in Program A gained

- an average of 20 points on the test, while

students in Program B gained only an averige

v

of 5 points. When the prcjram cost is divided
by its effectiveness (i.e., its average test
soote gain) for each alternative, it is clear
that Progtam A, although the most expensive
alternative, costs less per point gain (see
Table 4). That is, each point gain in Progran
A costs $25 (8500/20), compared to each point
yain on Prpgcam' B which costs 960 ¢8$300/5).
vhe decision maker would likely pick Pzogram A
as the best alternative based on this analy- .
sis, which loocks only at increases in test-
measuzed programming skills. The calculations
for this analysis are summarized in Table 4.

o

.+ piscussion

she results of the preceding examples arce
summarized in Table 5. AS you can see, Ve
have applied four methods of cost-analysis to

Applying four methods to
same program résults in

different conclusions

the same program and cose up with different
conclusions. The cost-feasibility and cost-
benefit analyses point to Program B as the
best alternative to select (it is cheaper; i

contributes to increases in student income),
cost-effectiveness .

while cost-utility and
analysis point to Program A as the best alter-
native (it has. a higher probability of suc-
cess; it contributes to incteased student
programaing skills). One possiblc reason for

~ these discrepant results in this example is

that Program A, with its mure intansive hand o~
on training, results in higher performance on
the standardized test. When it came to the

_ students receiving a higher paying jab, how

ever, Progam B came out ahead because stud~
ents were exposed to mocs computer languages,
;nog. could apply for a wider range of conputer

We have constructed these nmislta to
demonstrate the isportance of salecting the

Table &

Cost-Bffsctiveness Analysis of ™o
Conputer Training Programns

, Cost Per Pupil
- - Program A 8500
$rogran B $300

Bffectivensis Cos t-
{Inzreass in 2ffectiveness
test scores) Aatio
20 points $500/20 » $25
S points $§00/5 = 960 ,

174  Mansgement information, January 1984 25
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Table 3

( werison of the Pour Cost-Analysis Methods Wen

! ApPlisd to the Two Camputsr Training Prograns \

Cost Per

Nethed Progsam _gtudent Outoome
Coat- $300 w—
Feasibility | $300 —

. T Bxpectsd Utilicy
Cost- A $300 J.6®
Otilicy ) 3300 1.2¢

Dollar Benefit .
Cost- A 300 $409
Senetit . ) $300 . $600

Test Swre Gain
Cost- A $360 a0
Rffectiveness | $300 ]

*See Table 2 for the derivatiim of these figures.

proper cost-analysis sethod. In most cases,
instructional wmethods or progitass aze not
intended to affect directly a student's income

Mtio

$500/3.6=8138.80 A

intecpcetation

Salect
Costs more than available budget
| Costs less than available budget

$300/1.22$250.00 Ras a lower probability of Juccess
$500/400=$1,25 Each $1.00 earned costs $1.25
$300/600=8 .50 | Rach $1.00 earned costs $0.30
$300/20= $25 A Each point gain costs $23
$300/3= $60 Rach point gain costs $60
/f
' Te oatra, cost-feasibility analy. ‘s
shoule De wused v.e determining whether a

- We have constructed these
exam_les to demonstrate
Importance of selscting
proper cost-analysis method

but rather are intended to facilitate future
learnin; and school performance. For exanple,
& cost-benefit analysis c. third-grade teading
instruction methods would not only de diffi-
cult, but usually irrelevant to the instruc-
tion2l questions of isportance. In contrast,
& cost- ifectiveness analysis of tho ceading
instsuction methods would be M’hly eppeopr i~
ath . ) ¢

%e Dbelieve that, for the majuzity of
educational evaluations, cost-effectiveness
anslysis is the best cost-analysis method to
use whan a full evaluation is possible. only
for vocationally-oriunted programs where the
goal is t» {mprove studeat macketability or
jab performance would cost benefit analysis be
the preferred method., For our computer train-
ing program examplu, either cost~effeciiveness
or cost-benefit analysis is appcopciate. In
selecting which method to use, the administra-
 tor would have to assess carefully whether
tett performancs or incose was moce important,
and then use the method which incorporates
that uutcomeo. Generally, this decision is
made prior to the ocost analysis and only a
single analysis is sonducted, but «as we have
illustrated, one could conduct both analyses
in order to make a more informed decision.

l{fc" School Information and Resaarch Service
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Program is esonomi. - iy feasible under budget-
ary oonstraints. NO outcome' data are taken
into aoccount using this mothod, ar’ conse~
quently ther¢ is no evidence %o suggest which
program is acce effactive. Cost-utility anal-
ysic goes one step beyond cost-"vasibility and
adds estimates of program dutcomes. Because
the outcome data are estimated rather than
actually measured, however, the procedure is
not Jeliable but may be belpful in planning
situatiory, Cost=benefit analys!- places a
dollar gure on prograw outcome which is then
com ... . to .the cost of the program. It is
oft « ¢ Ificult to value eduentional cutcomes
in oc” ‘.z terms and, as a result, the useful-
ness of this method is gererally limited to
vocationally-oriented instructional programs,
Pincllvy, cost-effectiveness snalysis involves
collecting data on program effects using
traditionsl evaluation measures. These ma-
sures are then coapared to the cost of the
altetnatives, Cost-effectiveness anilyses are
appropriate for evaluating programs with idene
tical or similar ocutcome measures. 0Of the
four techniques, we recommend cost-effective-
nNess analysis as the best method f£or use in
the evaluation of alternative instructional
programs,

A few aids are available for those admin~
istrutors 4-teres“ed in learning wve about
cost-analysi. procedures, We have develop~d a
comprehensive checklict for planning, deasign-
ing, conlucting, ard reporting a cost-effoc-
tiveness study. The checklist can also be
used in reviewing past cost~effectiveness
studies as well, The entire checklist is too
long to reproduce here, but a free copy may be
cbtained by wziting the sscond author of this
Liper, We have alac listed a few roeiptal
toadings in the rcferences which follow to
help you pursue thess methods further,

% npsT coPY

Eas & higber probability of sucoess

”

vogs !



~

-—

ST COPY AVAILABLE

As you cen see from our exssples, the
«ifferences betwesn the four major types of
cowt-analysis methods are clear and easy to
underatand. While conducting a cost analysis
study can fequire considezable time, effort,
and expertise, you already have a sutficient
underatanding of the basic approaches to begin
~onsidering the use Qf formal cost studies in
your own setting. Who knows, with help froa

" some evaluation and 'business office staff,

there may be a cost ' study or two in your
future, Good luck! :
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\ CHAPTER 1 EXAMPLE 11.237.1H
PROJECTED COSTS
™ TALS
Salaries and Benefits
Director/Teacher ¢ .SFTE* 13,747.10 .
Aide ¢ .8PFTE* ' 8,280.00
- 22,027.00
Consultants
Evaluator :
Title I outcome evaluation 2,.700.00
Process evaluation of program 1,800.00"
Reading Specialist _
7 days consulting € $100/day 700.00
Travel expenses (mileage @ '
15¢/mile) _ 6§9.90
. : $.,269.90
Travel
Title I teacher attends National
Reading Association Conference in
San Prancisco, Feb. 4-7 .
Per diem ’ 160.00
Travel . 420.00
£80.00
PAC Activities :
Needs Assessment 450.00
Attendance at atate Title I conference 75.00
Arrangements for 2 open meetings 55.00
PAC consultants (2 for 1 day @ $60/day) 120.00
| 700. 00
Materials
Books

4 copies each of assorted reading

bocks for 2-~5 grade readers

(list available upon request) 100.€0
S sets--Special Rea“er's series 300.00

*The other .2FTE for the teacher and aide are spent with the Title I Math
project.

BEST COPY
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11.237.2H

Projected Budget-page 2

Tapes/FPilrs/Filnstrips
Pilmstrips with the Special =
Reader's series 380.00
Pilms of episodes in four books ‘
purchased last yeuir 80.00
Videotapes for plays put on by
students 140.00
Supplies and Copying
Scissors (15 pairs) 7.50
Paper -8C.00
Photocopying 30.00
Constzruction paper _ 100.00
Ditto masters ) 20.00
Tests

Comprehensive Achievement Battery-
100 tests fall and spring, plus

publisher's scoring 150.00
Reading Diagnostic Test
150 .ests . 7%.00
150 student report forms - 25.00
Tnformal test booklets for the _
Special Reader's geries 25.00
“ 1,512.50
Equipment
Reading resource console 725.00
Videotape machine 1,086.50
Replacement of 2 reading
machines @ $550 each , 1.,100.00
_2,910.50
TOTAL PROJECT 33,000.00 33,000.00

vl 1
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. COST ESTIMATION WORKSHEET
BUDGET CATEGORY COST l . TOTAL -
Salaries + Benefits | -
Director/Teacher

Aide

Consultants

Travel

PAC Activities

NWREL TAC ' 7/79

163 1 79
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_COST TAL
Materials |
Audio-visual
Supplies + Copying
Tests...
)
NWREL TAC T

164 ...180.




11,236, 5T
BUDGET CATEGORY -~ COST TOTAL
Equipment
- . _ : 1 )

Building ° | | | o \

Other

r

Q lés
]: MC NREL TAC . /79

Full Tt Provided by ERIC.
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 COST EFFECTIVENESS. RATIO

11,238.17
aecount *s EXAMPLE 1 °** -
’ A 8 i
Estimated total project cost $33, 000, 00 $33, 000, 00
Estimated number served 11/ 17/,
Estimated average cost per ,
student served $428, 51 $330, 00
Estimated improvement in “ |
achievement caused by Title I 12 points - 8 points
A IALL ki fes '.
. Cost effectiveness ratio = | :
(avg. cost pér student)
| $35.71° $41, 25
(avg. achievement improvement) up = T wi s = IPEE
"= dollars spent par unit
improved achievement
— — —

*Therefore, Alternative A is more cost effective here.

N®REL TAC

BEST COPY AVAILABLE

EENGCTIR VIt “‘ -
33

\
4115 166
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COST EFFECTIVENESS RATIO - 13.022 1
** EXAMPLE.2 **

Alternative

A ‘ B
. Estimated total project cost $33,000.00 | $33,000.00
Estimated number served ol 7 | 100
Estimated average cost per
student served _ $428, 57 $330. 00
Estimated improvement in student
____achieyement caused by TitleI 5 points 15 points «
f Cost effectiveness ratio =
(avg. cost per student) ,
$28.57 $22, 00*
(avg. improvement in attitude)
= dollars spent per unit
) 9§
improved achievement

*Therefore, alternative B is more cost effective here,

NWREL TAC : 7/79

167 183
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EXERCISES

&

Instructions: Described on the following pages are six situations. For
each situation, answer all of the questions 1istgd below., Select a
spokesperson who willi report your conclusions to the rest of the group.

-

1. What program alternatives are being considered?

2. Whit cost analgsil method seems most appropriate (cost feasibility;
cost utility; cost benefit; cost e!fect;voness)?

3., What pragmatic factors might affect the gonduct of the analysis?

4. What political factors might affect the conduct of the analysis
and/or the use of the results in decision making?

5. Given the pragmatic and political factors youllisted in questions 3
and 4, do you still think the cost analysis method you chose in
gquestion 2 is most appropriate? 1If not, vhat else would you suggest?

%

6. Briefly outline the steps of your analysis and include a description
of your outcome measures (1€ appropriate).

BEST COPY
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13.007.1

1. Over the past several years, NCE gains for the elementary sc 1
Chapter 1 mathematics program in a large urban district have been
disappointingly low. In response to these results, the Chapter 1
program staff identified two new programs for consideration, They
decided to pilot test both programs to help them decide vhiéh should
be adopted by the district. Two schools with comparable student
populations and a Chapter 1 program in grades 2-4 were selected to
pilot test the two programs. Program A resulted in a project gain of
6 NCES, while Program B yielded a gain of 2 NCES. The costs of the
two programs were $300 per pupil for Program A and $75 per pupil for
Program B, : '

N °

-

2. The school board is concerned about the costs of bus service which \
have continued to rise despite declining student enrollment. They .°
are considering the follcwing 3 alternatives: (1) continue to
provide bus service; (2) contract with an independent bul_lervice:’
and (3) eliminate bus service.

3. In order to qualify for federal funding underOP.I. 94-142, local
school districts must invest a substantial portion of their locally
generated revenues to provide educational services to handicapped
children. In turn, this education is believed to help these students
£ind jobs and thus reduce the cost of unemployment and social
services, and help make handicapped pecple more self-sufficie. ..

b}
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13.007.2

/ ' - ~.....--:. PR B . ) !
’ ' ° /

A state department of education had a five year contract with the

federal government to provide teacher training assistance to school

districts in its state. The contract had a provision that allowed

the government to cancel the contratt. A number of similar contracts ' “-
with other state departments of education had recently been cancelled. y
Project administrators were debating whether or not tu start a new

training program that would take three years to complete.

A state funded compensatory education program provides funding in the

amount of $200 per qualifying pupil in grades 1-6.. Recent test N .
results indicate that the pupil shoys substantial success in the :

primary grades (1-3) while only limited success in grades 4~-6. The ,

state legislature is planning to provide additional funds for this L .

program, but first wants the Department of Education to provide - /
information as to how those funds-could best be spent. .. 1 /T )

t

A state is considerirg the huilding of gen regional vocational
technical training centérs at.a cost of fabocut $5.5 million each.
Before going through with these plans, stateidecision makers have
asked the Department of Education to provide them with information
indicating that the costs of the program will be justified through
measures such as incyeassd earning potential and better employment
prospects for vocaticnal/technicel graduates.
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