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INTRODUCTION 

Technic~l Assistance .. ·-- ----- ·- --· ···-- --

This document provides guidelines for the preparation of school 
district plans for the implementation of microcomputer instructional 
programs ,-ecommended by the Arkansas Commission on Microcomputer 
Instruction. School district planning for microcomputer instruction 
sho~ld be correlated with the planning done in implementing Act 7 as 
outlinAd in Guidelines for Educational Planning, Arkansas Department of 
Education. It is imperative that school administrators realize that any 
stal e funds for microcomputer basic skills instruction must be approved by 
lh c le~islature. Therefore, school districts should commit resources to 
this plHnning effort with the realization that the scope of state funding 
will not be d e termined before the 1985 legislative session. Regardless of 
the availability of state funds, school districts should find this 
documcint a valuable tool for planning and implementing microcomputer 
instructional programs. 

Tl1~ lMPAC Technical Assistance Program to school districts begins 
with the gu i delines in this document. The IMPAC staff will continue to 
hnve as jts hithest priority its work with the IMPAC project schools and 
projP c t teach Rrs. Therefore, much of our assistance will be by telephone, 
le tl 1• r s , r e source materials, workshops, regional conferences and, when 
possiGlP, on - site visitations. 

§d!~~>_l · I) i stri c t P 1 anning 

A s c hool district's microcomputer utilization plan should include 
b asir d a ta on the school district, and the school administration should 
pr ovicl P l e adership in implementing the following activities: 

A. Establish a Committee on Microcomputer Instruction, under the 
lead e rship of a coordinator, to study the IMPAC approved programs 
and guidelines and make recommendations to the appropriate school 
officials. The committee should include representation from 
t e a c h e rs and administrators in grades - 3-8. Representa ti on fro m 
lo c al business or industry, the community and the sch oo l board 
is also recommended. 

R. Ch a rK e the committee with securing a description o f t h e 
instructional programs now in operation at all grade lev el s 
in c ludinR business education, programming, literacy , special 
e duc a tion and basic skills. The fundin g sources such as 
Vocational, Chapter 1, Chapter 2, Special Education, Business and 
Industry and local funds should be specified. See App e ndix A for 
an outline that may be followed by your local Committee on 
Mi c ro c omputer Instruction in clearly defining each program. 

c . l d Pn t. i fy IMP AC recommended programs and develop a plan for 
imp lementation. The guidelines provided in this document should 
li e fo llowe d and evidence given that the district can implement 
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the program successfully. IMPAC research in Arkans as and outside· 
the state has provided a basis for the present guide·! i11Ps, n11cl 
refinements can be expected. 

Th e t y p e o f mi c r o comp u t er i n s t r u c t i on a 1 p r o ~u· a III t· h " cl i .c; t r · i , · t 1~ , , " k s 1 c, 
implement will determine the in-service education requir,-d, lltt'. ha1 · clw.t1·p, 
software and maintenance ne e ds, as well as the funds that must l>P 

allocated. 
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MESSAGE TO THE SUPERINTENDENT 

Act 5~8, enacted during the 1983 legislative session, established a 
nine - memb e r commission to assist Arkansas public schools in utilizing 
micror·ompu ters in basic skills instruction. The Commission is providing 
l e adership in the development, implementation and evaluation of the 
Instrucl.ional Microcomputer Project for Arkansas Classrooms (IMPAC). 
IMPAC emphasize s the instructional application of microcomputers in the 
t~aching of basic skills in mathematics, reading and language arts. 

Tb P. Commission has developed an experimental program using 
mi cr ocom1,ul e rs for basic skills instruction in grades 3-8, developed 
softwarP in the a reas of instructional management, reading and language 
arts nnd worked cooperatively with colleges and universities in Arkansas 
in establis hing guidelines for in-service training. Resource materials 
for scho,11 distric ts and the results of an annual microcomputer survey 
have heen provided to Arkansas school districts. These research programs 
and Pv11.luat ion activities are resulting in technological programs that are 
cost effective and improve instruction. 

The implementation of the new standards as mandated by the 
legislRture during the 1983 special session for education is a top 
priority for all Arkansas school districts. The Commission's position is 
lhat mi croc omputer instructional basic skills programs should be designed 
to complement the efforts of a school district to have qtiality education 
progra ms . The Commission's goal is to assist school districts in 
idcnt ifying ed ucationally sound, cost effective programs that meet local 
nreds nnJ lielp implement those programs over a three-year period. 

J,: ff<• r· tive learning through microcomputer instruction depends on the 
c:: n ~Hl io11 of a classroom climate that is conduci ve to learning. The use of 
c <>mp ut <-'1- :1s s ist.ed inst.ruction (CAI) assumes the existence of a classroom 
c nvt 1·n11m<·11t· in whi ch th~ teacher serves as a catalyst to pupil interest in 
l r nrn1 111t, ,~nhances mot ivatio n through well planned lessons and establishes 
posit iv<~ attitudes toward new learning. Learning through reinforcement is 
lit(• key I<> th.-• success of CAI and is more likely to occur if the above 
,- <> n d i l i o n s a r· f! es t ab 1 i s he d . 

In preparing- a room for stand alone microcomputers or for use as a 
lab,,ralor y with 12 - 30 microcomputers, the electrical work and location of 
work stations are critical . Inadequate e lectrical power and improper 
~roun ,tin ~ can cause serious maintenance problems. Please work c l osely 
with thr 1MPAC staff or a vendor that has extensive experience with proper 
,·oo m pr-epa ration. Also, maintenance has been a major concern in the 22 
fMP AC schools. It would have been wise to have purchased two complete 
ha c k up systems for every 24 microcomputer systems purchased to assure 24 
syst<'ms operating in the classroom. Units must be repaired and back in 
th<' <· l :1ss r' nom within 7 days or instructional classroom management problems 
t"q(in lo ;iffi><·t th,· morc1le of teachers and students. 

AppPndix I. pro v ides a detailed summary of costs associated with each 
IMl'AC pi- o .i (•ct ov1:•1 · a fiv" ·year period. The cost figures are based on 1984 
pun-hast: s under competitive bidding. 
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There are a few practical considerations related to the us e of 
microcomputers in instruction. These relate to the promise, I imitat tons 
and reality of this new instructional mode. The promises of 
computer - assisted instruction include: more active l<><1rning, vnrif• d 
s ens or y and con c e p t u a 1 modes , con c en t rat e d on t as k 1 ea r 11 i n g a 11 d t u r· i,,; P l i 11 g 
specific student needs. Limitations and problems relat('d t o 
microcomputers, courseware and instruct ion a 1 environments i 11 r I ude: I" c k of 
standardization of languages and disk operatin g sys tems, lack of 
comprehensive quality courseware especially in reading and languag e arts, 
classrooms not designed to accomodate microcomput er furniture und 
equipment and the increase in noise and activi ty related to microcomput p 1· 
instruction in the classroom. 

As educators, we must use common sense with respect lo innovations. 
The human element must not be overlooked - the teacher cannot be r·ep I HCE!d. 

Technology must be a servant to the teacher, and the wise us ~ of 
technology by the teacher provides a way for more d ir ect involvement 
between teacher and pupil - more one on one contact - not l ess. 

Stand alone microcomputers and microcomputer networks an:> being us Pd 
effectively as conveyors of basic skill instruction and for classroom 
management. Some critics of the use of the curr ent generatit111 of p1•n,011 :il 
computers in delivering CAI suggest that their e ven tual rolt~ wi I I hf• ro 1· 
problem solving, simulations, programming and word proces sin ~ in gr.id.es 
9-12. Because of storage, speed limitations and the lack of <·omprl'h.-nsiv<· 
basic skills courseware, except in mathematics, it is argu ed l11<1! 
microcomputer use in grades K-8 will be short term. ReseRr c h by the TMPAC 
staff does not support that position. They predict that the future 
conveyor of CAI-CMI courseware will be minicomputer professionul systems 
developed by such companies as Control Data and WICAT. Most experts in 
the area of computer-assisted instruction feel that serious attempts hy 
some of these companies to market professional systems wi 11 ocrur dur·i11!{ 
1985-87. Courseware designed for use on minicomputer systems may have 
almost unlimited branching, audio, animation, and storage capabilit.iPs 
which provide comprehensive basic skills CAI, managment a1id tPsting. For 
most Arkansas school districts the cost of such systems is present Ly 
prohibitive. However, IMPAC will con tinue to monitor the progress of the 
minicomputer educational system development approach and, wh e 11 t·easiGle , 
give consideration to establishing an experimental site. 

Arkansas school districts should continue to be cautious about 
implementing microcomputer instructional programs one system wi,le basis. 
IMPAC recommends, at most, the invol vement of six teachers with nu mor<: 
than 24 microcomputers in order to be better prepared for e11h anc(c'd CM I CA I 
delivery systems. 

IMPAC resear ch indicates that networks for microcomput er systems 
connected to hard disk drives with 40+ megabytes of storag e (eq u i vuJrnt In 
150-200 floppy disks), letter quality printers and using co mpr ehensi ve 
basic skills courseware in 3 to 5 subject areas with management f,,at ur·es 
will compete with the minicomputer systems. Technology is ch ar1ging 
rapidly and within two years the major options for system wid ~ 
ap p lications of computers should become clear. However, a 4 · :i year 
commitment to a particular approach is the absolute maximum 11umh rr· of 
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yPnr· s ll1at one can expect a system to have appropriate software and 
mainl P11anc e support. 

IMPAC will move with caution. A statewide comprehensive prog ram 
using pres e ntly available hardware and courseware may not be the ap p roac h 
for IMP AC t.o following during 1985-87. Additional programs in 30-60 
sc: hool districts in grades 3-8 and technical assistance to school 
districts for program planning in grades 9-12 is a plan that deserves 
serious consideration. 

s~hool administrators must face several realities associated with 
progr e s s in the use of microcomputers in the classrooms. The decision to 
c·onsid e r the purchase of microcomputers creates a budget priority problem. 
Hefor e and a ft e r purchase, teachers must be trained and courseware 
srl e ,· l e <l and pur c hased. A decision as to how teachers and students wi l l 
be initially involved and how the community will be informed can be 
c ruc · i a I. Comput e rs in self - contained classrooms provide the s t udents 
ac c ess mos t of the day. Semi-departmentalization limits the amount of 
t imr th a t stud e nts are actually in the room with the computers and 
~ oursewar e . De partmentalized elementary schools generally dicta t e a 
IRborntor y Approach and may require a teacher aide in the labora t ory. I n 
addition equipment must be inventoried, insured and on occasion repaired. 
Lo c:: 11] and state lP adership is needed to develop a sensible approa c h to 
d ec ision ma king affecting the use of microcomputers in instruction. IM PAC 
provides a basis for the state leadership function. 
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RECOMMENDATIONS FROM THE ARKANSAS COMMISSION 
ON MICROCOMPUTER INSTRUCTION 

The information in the appendices that follow this planning guide 
provide direction for the development of microcoaputer instructional 
programs grades 3-8. This planning docuaent is preceded with the 
following recommendations from the Coa■ iss ion . 

RBCOMMBNDATION 1: The procedure for initiating aicrocoaputer programs in 
schools is 1) select the software progra■s that are congruent with the 
curriculum materials to be taught, 2) select the hardware that is 
compatible with that software and 3) plan for in-service and/or staff 
support to assure the successful use of the software and hardware. 

RBCOMMBNDATION 2: Computer-assisted and computer-managed instruction 
designed for the purpose of teaching basic skills in the elementary school 
provides the greatest justification for expenditure of funds for 
microcomputers and educational courseware. 

RBCOMMBNDATION 3: A formal microcomputer literacy or awareness course is 
not recommended for learning about ■icroco■puters in the elementary 
school. 

Learning about computers and communications technology should be 
integrated into the . total instructional prograa of the school. This 
suggests that students should have experiences using microcomputers 
th rough the regular instructional program which would allow for the 
devel opment of computer competencies. These competencies should include 
loading and running a program, care of equipment and software, using 
editing features and interacting with an instructional program. Learning 
about computers should occur as students work with a co■puter in programs 
ident ified in computer-assisted instruction and as they use a computer in 
applications and programming at the high school level. 

RBCOMMB NDATION 4: School districts might find it helpful to utilize IMPAC 
equipment bid specifications and maintenance agreement guidelines in the 
purchas e of microcomputer hardware. The type of microcomputer purchased 
should be based on do c umented evidence that courseware, maintenance and 
trai ning support are available to make the purchase cost effective over a 
fiv e year period of use. 

RBCOMMR NDATION 5: A program of in-service training needs to be 
cooperatively developed and implemented by the Arkansas Department of 
Educat ion, institutions of higher education and local school district 
program coordinators. 

RBCOMMBNDATION 6: Maintenance support by vendors and a program of 
preventive maintenance by teachers is crucial to the success of 
microcomputer instruction programs. School districts should budget for 
repairs once equipment warranties terminate. United Parcel Service, 
Federal Express or a comparable service is highly recommended for a 
one-week turn around on repairs. 
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IMPAC PROGRAMS AND ACTIVITIBS 

Act 528 relates to the establishment of pilot progra■s to find cost 
effective ways to utilize microcomputers in improving the teaching of 
basic skills in mathematics, reading and language arts in the elementary 
school grades. The Arkansas Commission on Microco■puter Instruction is 
carrying out that responsibility. 

IMPAC has been involved in the development, i ■ple■entation and 
evaluation of four programs in twenty-two Arkansas school districts 
involving 111 classroom teachers, grades 4-6. A brief description of each 
program is given below, and additional facts about these programs are 
provided in Appendix B. 

Computer-Menu~~~ ~nrl Computer-Assisted Instruction {CMI-CAI) 

A CMI-CAI program is being conducted to find ways to use 
microcomputers for basic skills instruction in mathe■atics, reading and 
language arts. Courseware and management software are on a twenty (20) 
megabyt e Corvus hard disk networked to twenty-four (24) Apple Ile 
mi crocomputers, one teacher at each of the grade levels 4, 5 and 6 has 
eight (8) microcomputers in the classroo■. Instruction is being managed 
so as to prescribe and monitor the actual lessons taken by the students. 
Records are kept on student perfor■ance and indicate mastery or 
n on-mastery of specific objectives. 

Computer-Assisted Instruction (CAI) 

The purpose of the CAI program is similar to that of the CMI-CAI 
program except floppy disk drives are used with stand alone microcomputers 
and computer-managed instruction plays a less important role in comparison 
to the CMI-CAI program. Teacher management and control of access to the 
microcomputers is crucial in both programs. In almost all schools two 
teachers at each of the grade levels 4, 5 and 6 have four (4) 
mi crocomputers in their classrooms. Commodore 64 or Apple Ile 
mic rocomputers are used at each site. 

Microcomputer Basic Skills Laboratories 

A Commodore 64 lab has been set up in one school district using a 
Richvale network and a 7.5 megabyte hard disk. Twenty-four (24) 
microcomputer systems are in one room, and several groups of students are 
brought to the room each day for about 24 minutes of on task activity . A 
30 unit Apple Ile lab using equipment similar to that installed in the 
CMI-CAI schools has been installed in another school district and 
functions in a similar manner as the Commodore 64 lab. 

Basic Skills Testing and Prescriptive Program 

Under the direction of Tom Bishop and Paul Burge from Arkansas State 
University, two school districts are i ■ple■enting an Arkansas Basic Skills 
Mathematics and Reading Testing Progra■ for the microcomputer. A 
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■anage■ent system and CAI progra■ are included in this project. The 
program, Computer-Assisted Inatruction Management , is referred to as 
C-AIM. 

Related Activi ties 

In addition to pilot progra■s, the Co■mission has provided leadership 
in several other areas vital t o long range goals. These activities 
include: 

A. The develop■ent of resource materials and guidelines for Arkansas 
school districts; 

B. Leadership conferences on in-service education related to 
microcomputer instruction; 

C. A writing conference directed by David Loertscher and David Carl from 
the University of Arkansaa at Fayetteville to develop course outlines 
for three levels of in-service training; 

D. Assistance in establishing a su■■er institute to train consu ltants in 
the area of mi crocomput er inatruction; 

R. An annual survey of school districts to maintain data on the status of 
program development and hardware acquisition; 

F. A feasibility study and development of comprehensive microcomputer 
reading and language arts courseware for general distribution to 
Arkansas school districts . 

G. A contract to develop a method of selecting high quality courseware to 
be recom ended for use by Arkansas school districts; 

H. The securing of grants or donations of microcomputer systems from 
Apple, Commodore , IBM and Radio Shack which provide the basis for a 
teacher in-service training center and software review lab at the 
Little Rock IMPAC off ice and State Department of Education regional 
education centers. 

Recommended Courseware List 

A recoJIJllended courseware list has been developed and made available 
to Arkansas schools for use in selecting basic skills courseware including 
mathematics, reading, language arts, social studies and science. The list 
will be updated with a supple■ent published every six months. 

Baaic Skills Mastery Manage■ent Systems 

Standards for Accreditation, Arkansas Public Schools, adopted by the 
State Board of Education , February 1984 requires that schools be 
responsible for assessing individual student progress in acquiring mastery 
of the competencies, skills and other subjects required by law and the 
standards . This requirement indicates the need for a system of evaluation 
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and place■ent of students on a basic skills continuua. IMPAC will provide 
information on computer-managed instruction programs that will offer a 
school district the option of developing a computer based assessment 
system. The C-AIM progra■ is an exaaple of such a ■anagement system. 

The primary purpose of the C-AIM program is to i■prove the management 
of reading and mathematics instruction through the use of microco■puters. 
It does that by evaluating student progress according to Arkansas Basic 
Skills Objectives and providing a printout of the results. 

Research Related to IMPAC 

A review of 53 research reports in co■puter related instructional 
activities, 1962-1984 sel ect ed from abstracts on 360 studies, suggest some 
common threads among the conclusions drawn by researchers. 

In particular, seven generalizations about CAI emerge from the 
research conducted national ly during the period of 1962-83 with enough 
regularity to inspire confidence in their use. 

a. CAI is most successful in helping learners attain clearly 
specified objectives , especially in the basic skill areas . 

b. CAI saves significant amounts of time over "conventional 
instruction", as much as 20 to 40 percent. 

c. Retention rates following CAI are at least as good as, and often 
better than, retention following conventional instruction. 

d. Students have positive attitudes toward good CAI programs and 
dislike poor programs, especially those over which they have no 
control. 

e. The appropriate instructional time for CAI from both a learner 
and ad■ inistrat ive standpoint is 12-20 ■ inutes on task four days 
a week in a given subject. 

f. Tutorial - drill - practice CAI are ef-fective types of 
courseware . Courseware incorporating both Behavioral and Gestalt 
psychological principles increase effectiveness. 

g. Achievement gains in reading are about 70% of the gains in 
math emati c s when instruction is supplemented with basic skills 
CAI. 

Positive attitudes about self- pacing, opportunities to correct errors 
in a non -threatening environment and immediate knowledge of results are 
features of quality CAI courseware which provide motivation that 
contrib utes to the learning of basic skills. 

In almos t all o f the 53 studies the investigations focused on teacher 
inst ruction supplemented by computer-assisted instruction. It is clear 
that technology can be used to make teachers ■ore effective. 
Mi crocomputers can transmit information, teach certain skills and help 
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students solve problems. In doing these things it can free the teacher 
from being a dispenser of informat ion and permit her to be a munager and 
evaluator of instruction. 

Appendix C provides a discussion of research rela ted to microcomputer 
instruction and coat effective applications. Although somewhat technical, 
the information provides a summary of average gains from CAI and their 
likely effect on student performance in grades 4-6. 

IMPAC Visitation Progra■ 

Arrangements have been ■ade for on-site visitations to the IMPAC 
schools listed below. In general, on-site visitors will follow this 
schedule: 

8:30 - 9:00 Arrival at project school 

9:00 - 10:00 Program orientation by coordinator/IMPAC staff 

10:00 - 11:30 Classroom visitation 

11:30 - 1:00 Lunch 

1:00 2:00 Question and answer session 

On-site visitation will be scheduled on the date indicated at each of 
the project schools listed below. Superintendents wanting to arrange an 
on-site visit to an IMPAC school should contact the school superintendent 
directly and indicate the nUllber of persons who will visit the school. 
The following is a list of superintendents, coordinators and principals of 
the schools, including telephone nu■bers and school addresses : 

School District Su2erintendent Princi2al Coordinator Address 

Corning J. Kimbrell N. Cherry N. Cherry Fourth St. 
857-6818 857-6491 857-6491 

Fort Smith c. B. Garrison w. Freeman w. Floyd 3201 
785-2501 452-5808 785-2501 Massard 

Gurdon Bobby Smithson G. Tho■pson Bill Moorman 314 School 
353-4454 353-4921 353 - 4921 Street 

Hot Springs Maurice Dunn G. Robinson G. Robinson 301 Oaklawn 
624-3372 623-2661 623-2661 

Mammoth Spring Otey Green Ruth Shaw Ruth Shaw 300 
625-3621 625-7231 625-7231 · Goldsmith 

Stree t 

Marshall Herbert Cleek F. Lewis F. Lewis Box 310 
448-3011 448-3333 448-3333 

Pine Bluff Jack Robey M. Willett P. Waymack 1519 Indiana 
536-7900 534-5064 534-5064 

Pulaski Co. Tom Hardin J. Naylor J. Naylor 400 Pine 
490-2000 851-4600 851-4600 Forest Drive 
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Vilonitt 

Waldron 

Visitation 

James Hardage 
796-2113 

J. D. McGee 
637-3170 

Schedule by Date 

March 13, 
March 14, 
March 27, 
April 10, 
April 11, 
April 17, 
April 18, 
April 24, 
April 25, 
April 30, 

1985 
1985 
1985 
1985 
1985 
1985 
1985 
1985 
1985 
1985 

Pat Matthews Mary Wells Box 160 
796-2112 796-2113 

W. Aspinwall J. D. McGee P.O Box 220 
637-2454 637-3170 

Corning 
Mammoth Spring 
Pulaski County 
Fort Smith 
Waldron 
Gurdon 
Pine Bluff 
Vilonia 
Marshall 
Hot Springs 
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GU IDELINES FOR DEVELOPING IMPAC APPROVED PROGRAMS 

Computers have been used in schools basically in two different areas, 
for administrative purposes and in the instructional progra■. In the 
latter area schools hav e used the microcomputer in diverse ways to teach: 
about the computer (computer awareness); computer programming and computer 
science; computer applications (e.g. bookkeeping); and subject areas (e.g. 
■ath). In the elementary school we recommend the use of the computer as 
an instructional tool to assist teachers in the delivery and ■anagement of 
their basic skills instructional program. 

As an instructional tool, microcomputers can be a delivery system for 
courseware that supplements the basal instructional program. Computers 
need to be used in cost effective ways for instructional purposes that can 
raise achievement levels. Specifically, co■puters should be both 
effective and effic ient tool~ of instruction to teach, drill, test and 
place chi ldren in an instructional program. This will set the stage for 
problem solving and management applications. 

There are several different ways of using computers in the classroom. 
Schools should carefully study the instructional applications of computers 
and selec t the ones which will be the most efffective in the local 
situation. 

Computer-Assisted Instruction (CAI) 

1. The kinds of instruc tional tasks a computer can do: 
a. Tutorial tasks such as 

- giving a rule 
- defining terms 
- presenting information 
- asking questions 
- responding to the learner 

b. Drill and practice in 
- spelling skills 
- math problems 
- rote learning 

punctuation 
- rules of grammar 

c. Problem situations in 
- simulations of real-life events 
- games which help in the discovery of new relationships 
- graphical form 

2 . The ways a computer can do these tasks: 
a. Give an immediate response to a student so that 

- errors can be corrected 
- errors will not be repeated 

b. Allow learning to be paced by the learner or the teacher 
- through alternatives in the speed of presentation 
- through repetition of material if needed 
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c. Can move from one section of a lesson to another section 
- for further instruction 
- for more practice 
- to take a test 
- for a different presentation of the same skill 

d. Can present a problea to be solved 
- offers options in solving 
- responds to students input 
- offers further options (e.g., finer distinctions, more 

complex variables) 

Computer Managed Instruction {OMI) 

1. Student testing on the computer for mastery of: 

a. State basic skills 

b. School district and/or school building instructional 
objectives 

c. Objectives in a specific content area 

2. Placement of students in a skills continuum for instructional 
purposes: 

a. Reteaching of skills not mastered from previous 
instruction 

b. Teaching new skills to be mastered at the current 
instructional level 

c. Instruction may or may not be delivered by the computer through 
CAI 

3. Records management by: 

a. Storage of information about mastery of syecific skills in the 
computer 

b. Analysis of student achievement by use of information 
from testing 

c. Printing of hard copy (paper copy) of this information 
when needed 

4. Prescription of instructional activities for an individual 
student or groups of students: 

a. Derived from data input by teachers 

b. Generated by computer after students are tested 
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Basic Skills Mastery Management Systems 

1. A specialized CMI system based on the Arkansas Basic Skills 
which will include: 

a. Diagnostic capabilities to evaluate students 3- 8 in 
reference to their mastery of the basic skills in reading, 
math, language arts, science and social etudles 

b. Prescriptive aspects which indicate what skills need to be 
taught and provide suggestions of ■aterials that can be 
used to teach these skills 

2. An evaluation center should be provided in the school building 
in a room to accommodate the following equipment: 

a. Hardware and Peripherals 
(1) Four to ei ght ■icroco■puter systems on which the 

computer management syste■ is designed to run 

(2) Networking equipment appropriate for the 
microcomputer syste■ 

(3) Peripheral devices including two disk drives, a 
printer, and appropriate cable• 

b. Tables for computers and other equipment 

c. Student c hairs 

3. The management program will: 

a. Be stored on a 5 1/4 inch floppy disk to allow speed in 
accessing questions, student records and prescriptions 

b. Include test questions that will adequately determine 
skills mastery both in the scope of iheir content and by 
the number of questions 

c. Generate records that will reflect: 
(1) each student's mastery or non-mastery of skills 

(2) a group profile indicating a group of students' 
mastery or non- mastery of skills . (e.g. a class 
roster) 

d. Generate prescriptive information from data supplied by 
teachers to reflect materials available in their 
c lassrooms and should include the correlation of skills 
to textbook materials, worksheets, computer software and 
learning kits 
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Progra• Coordinators and Key Operators 

There are two leadership responsibilities that must be fulfilled in 
any school district that is effectively using microcomputers for basic 
skills instruction. There must be a program coordinator who provides 
direction for the overall program and a key operator who provides 
technical assistance related to hardware and software - especially 
maintenance and making software backups. 

A program coordinator is an instructional leader, usually a principal 
or curriculua director, who is responsible for learning about the 
procedures for developing program components using computer and 
communications technology to enhance instruction. Identifying program 
types, courseware, hardware, in-service education needs and support 
services are the responsibility of the coordinator. 

A key operator is usually a teacher or administrator who has the 
interest and ability to secure the technical information and skills 
related to a particular microcomputer or communications system and its 
related courseware or utility programs. The person serves as a "trouble 
shooter" for teachers using the ■icrocoaputer systems. 

Incorporating Co•puters into an Instructional Program 

Schools need to assess their own staff, facilities, instructional 
goals and budget in order to determine whether computers should be placed 
in the classrooms or in a computer lab. The following guidelines are 
presented in order to help schools make that decision. Appendix Dis a 
teaching learning model for microcomputer instruction activities. 

The number of classes in a building as well as the number of students 
per class will influence this decision as the cost effectiveness of 
computers in the classroom or in a lab is determined. Within a classroom 
of 20 to 30 students at least four ■icroco■puters will be needed in order 
for all students to have sufficient time on the computer to significantly 
affect their mastery of skills. 

A laboratory should have a sufficient number· of computers for each 
student within a class to be able to work on his own computer. This 
probably means 24 to 30 conputera. In order for each student to work on 
the computer 12- 20 minutes four days a week, no more than 10 classes could 
be scheduled into a lab each day. The choice between use in class or a 
laboratory approach should be influenced by instructional purposes and the 
organizational structure of the school. It should be noted that a 
full -t iae aide, paraprofessional or community volunteer is usually needed 
to superv i se a laboratory. 

When microcomputers are placed in a classroom as an instructional 
tool, the teacher is faced with some instructional decisions. How should 
computer instruction be integrated into the instructional program? When 
should use of the coaputer be scheduled? How long should students remain 
on the co puter? Should so.me instructional activities on how to use the 
co puter b e completed before a student is allowed to work on the computer? 
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The r e are resea rc h data and classroom experiences that can help in making 
these decisions. 

Research ind icat e s that the optional on task time for computer 
i nstruction i n a gi v en subject area is twelve to twenty minutes per day. 
Any less time wil l de c rease instructional effectiveness; any ore time 
wi ll not increase instruc tional effectiveness and may eventually have the 
effec t of over-exposur e. That is, students ■ay become bored with 
computer-assis t ed i nstruc tion if it is not used with prudence. 

Experience i n the c lassroom shows that, although four times a week is 
the optima l sch e dule for a given subject area, many teachers do not have 
enough time t o implement that kind of schedule in their classrooms. 
Bec a use o f t i me c onstraints brought about by departmentalizing and 
pu l l -ou t pr og rams a teacher may be able to get only half of his or her 
clas s on the computer during the reading or mathematics instructional 
t ime . Th e re fo re, we recommend that a two-week cycle be established which 
insu res t hat e a c h student works on the computer five days out of ten. 

In the c ontext of a two-week time schedule, the computers can become 
a l earning center through which students rotate at an established time in 
the instructional day. The computer is used as another way of presenting 
inst r uc tion to reinforce and supplement the teacher's direct instruction. 
If a student is placed at his appropriate instructional level he can work 
independently, and yet the teacher can be confident that he is receiving 
s ound instruction with appropriate feedback. 

If a s c ho o l decides to establish a computer laboratory for use by 
several classes, some of the same instructional questions must be 
answe r ed. In this case greater care aust be taken to assure that computer 
instruction is an integral part of classrooa instruction and does not 
"drift" int o a separate subject - computer awareness or programming. 
However, some teachers may prefer the lab arrangement so that they can 
establish one time slot a day for computer instruction and have the whole 
class "on the computer" together. It is recommended that an aide be 
assigned to the laboratory full-time to assist teachers by maintaining the 
computers and courseware. This allows teachers to concentrate on 
instructional matters . 

A class probably should be allotted a twenty-five to thirty minute 
time slot each time it is scheduled into the lab. This would assure about 
twenty minutes on task, allowing for time spent entering the lab, 
ac c essing the instructional program and leaving in time for the next class 
to enter. 

Again, although res~arch indicates that a class should be in the lab 
fo u r days a week, the reality of school schedules and finances may dictate 
a less frequent schedule. Classes could alternate days in the lab and 
thus receive computer - assisted instruction five days out of ten. This 
would allow up to twenty classes the opportunity for computer-assisted 
instruc tion in one subject. 

See Appendix E for sample classroom and laboratory schedules and 
Appendix F f o r the advantages and disadvantages of using microcomputers in 
the regular classroom versus in a laboratory. 
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Analysis of Three MaJor CAI Procedures Us ed by Teachers 

1. Comprehensive Basic Skills Instructional Courseware 

a. Start each student at the beginning of the instructional program 

b. Let each student work at own pace until all les sons are mastered 

c. Correlation of CAI to the school's basal curriculum depends on how 
well the objectives covered by the courseware match up with the 
object i ves of the basal textbook 

Advantages 

Good review for soae students 

Good reinforcement for soae 
students 

Self-paced so students are 
experiencing success 

Teacher selects the courseware 

Disadvantages 

Teacher not in t otal control 

Students at varied levels 

Student monitors may be needed 

- Some programs will be below the 
student's instructional level 

2. Specific Skills Instructional Courseware 

a. Students could be placed to work on objectives they have not 
mastered. 

b. The entire class or a group of students could be placed to work on 
the objective being introduced in the regular instructional 
progra. 

c. Object ives could be reviewed as needed before testing. 

Advantages Disadvantages 

- The teacher selects the - Cannot take full advantage 
specific objective to be mastered 
or reviewed and is in total control 

- Computer instruction is fully 
integrated into broader 
instructional program 

3. Drill and Practice Courseware 

of computer management 
features 

- May necessitate frequent 
loading and the running of 
a variety of courseware 
res ulting in a loss of on 
task time 

a. Teacher instructs individual, small group or large group 
in a skill by assigning the student(s) to the computer for 
dr i ll and practice on that skill (e.g. math problems or 
punctuation). 
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b. Teacher ass i gns s tudents task of learning a list or a body of 
information; computer pro gr a• drills the student (e . g. spelling 
words or state capital s ). 

Advantages 

Computer work p rovide s anot h e r 
way of i mmediate l y rei n forc i ng 
teacher's instruction 

Teacher selec ts an d moni tors 
progress o f s t udents 

Disadvantages 

- No computer management is 
available 

Will require frequent 
changing of disks 

Cou rseware. Ha rdware, Facilities, Blectricial and In-service Needs 

1. Cour s eware 

Th i s t e rm is us e d t o designate the instructional programs to be used 
with t he mi cro computer. Choosing appropriate courseware is probably the 
singl e most important decision to be made. This decision should be made 
first . The c our s eware should be appropriate in the following ways: 

- Educati onal purpose - does it fit the district's educational goals? 

- Instructional objectives - does it match the objectives of the 
c lass for which it is to be used? 

- Co ntent - does it have instructional value? 

- Scope - does it allow the computer to do those things that a 
computer does best? 

- Formatting - is material presented logically and 
effec tively? 

- Instructional level - is it on the level of students with 
whom it is to be used? 

The criteria for selection of courseware, and the sources of 
courseware are listed and fully discussed in the IMPAC manual entitled 
Evaluation of Microcomputer Courseware for Inatructional Applications. 
There i s also a preview l ab located in the IMPAC office. A limited number 
of programs are available for preview. There is also a collection of 
public domain courseware that may be copied. Arrangements to copy the 
courseware may be made by calling the IMPAC office at least one day in 
advance . Recommended Courseware List, an IMPAC resource booklet, is an 
excellent source for basic skills courseware. 

2. Hardware 

Hardware refers to the microcomputer itself and the equipaent needed 
t o make it operable. In general, for schools a microcomputer system with 
a minimum of 64K RAM memory, a monitor and a disk drive is recommended. A 
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printer is helpful if the system is to us e a management program. The 
keyboard should be similar to that on a typewri ter. 

If eight or ■ore microcomputers are to be purchased, networking might 
be considered. That has been done successfully in some schools and with a 
hard disk can increase memory capacity and the speed of accessibility . A 
■ore detailed discussion of selecting microcomputers and developing bid 
specifications and ■aintenance agree■ents are presented in Appendices G 
and H. 

3. Space and Furniture 

If the computers are to be used in a classroom there should be space 
available for as ■any "stations" as there are computers. Each station 
should include table top or desk top apace for the microcomputer, monit or 
and disk drive. Each student should have sufficient space to place table t 
and pencil on the desk or table at his station. The printer should be on 
a table nearby so it can be used with a microcomputer as needed. Software 
storage must be provided in a cabinet which will keep software dust free 
and in a vertical position. Chairs of appropriate heigh t will be needed. 

A computer laboratory requires a roo about the size of a regul ar 
c lassroom. Computers may be placed on tables or de sks with sufficient 
space for each station as described above if the computers are used as 
stand-alones. If the computers are networked, it will not be necessary to 
have a disk drive at each work stat ion. Work space and a chai r must be 
provided for each student. Software storage space should be provided in 
the lab, according to specifications noted above. (See Appendix I for a 
more detailed consideration of varied configurati ons and space 
requirements for ■icrocomputer systems in classrooms or laboratories.) 

4. Electrical 

See Appendix J for a discussion of electrical wiring. 

5 . In-service 

The training of teachers and administrators in the effective use of 

■icrocomputers in instruction is an essential part of any well - de veloped 

computer instruction program. In-service sessions should include: 

- Information on computers and their uses . 
- Preview and evaluation of courseware. 
- Instructional uses of coaputers . 

In addit ion to training in these computer skills there is a need for 
further training in instructional management skills: 

- Using infor■ation on student achievement which computer­
managed inatructional programs generate to improve 
classroom instruction. 
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- Incorporation of computer-assisted instructional programs 
into the instructional program of the classroom. 

- Scheduling of computer use. 

IMPAC, with the help of some leaders in computer instruction, has 
developed a plan for a statewide in-service program which includes three 
levels of training. Level I will provide training required for teachers 
who use microcomputers for computer-managed and coaputer-assisted 
instruction. Level II includes the training needed by instructional 
leaders to assist in a variety of computer based education programs. 
Leve l III in-service offe rs the training required to serve as a consultant 

•in educational systems and software development and to serve as an 
in-service training instructor for Level I and II sessions. 

The above information is more fully developed in Appendix Kon 
In-service Training Level I and Level II. 

Managing Mi c ro computer Instruction Activities 

The purpose of this section is to describe classroom management 
procedures that seem appropriate with respect to the various applications 
of microcomput er instruction. The material is presented in a question and 
answer format because the technique prov i des a way of clarify i ng 
techniques that can enhance effective ■anagement related to CAI. 

QUESTION: How do you label and store courseware? 

ANSWER: Courseware disks may be color coded by using blue labels for 
mathematics, yellow for reading, green for language arts, pink for social 
studi es and red for sci enc e . White labels may be used on all other 
cours eware. Plastic storage boxes that hold 10 diskettes each for 
programs of 6- 10 diskettes and storage containers holding 60 diskettes 
provide ways of storing diskettes by subjec t . The boxes of disks may be 
placed on the table by the computers when that courseware is being used. 

QUESTION: What precautions should be taken in handling diskettes? 

ANSWER : When a student finishes with a disk, it should be returned to 
the disk sleeve and then put bac k in the storage box. The metallic part 
of the diskette should never be touched or placed on the comput er, disk 
drive, monitor or printer. Never take the disk out of the disk drive 
wh ile it is attempting to load a program. If a program does not load 
properly, turn off the computer, disk drive, remove the disk fro the disk 
drive, turn on disk drive and then after t u rning on the computer, try to 

oad the program again. Students and teachers should follow these 
procedures. 

Courseware should be stored in an air conditioned office during the 
sumer for protection from intense heat. 

UESTION: What is the role of student classroom monitors? 
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ANSWER: A few students in the typical elementary school classroom have 
microcomputers at home. In fact, IBM-PC, Radio Shack Model IV, Apple Ile 
and Commodore 64 microcomputers are usually owned by some families that 
have students in grades 4, 5 or 6. A student that has experience with the 
system used in a particular classroom should be trained to help other 
student s when they have difficulty using the computer. Such training will 
requi re about three hours . The monitor responds to requests by students 
for help in using a microco■puter system. 

QUESTION: What is supplementary comprehensive courseware? 

ANSWER: Supplement ary comprehensive coursewere refers toe math e matics 
or reeding and language arts set of diskettes that usually store lessons 
which cover most of the basic skills in the subject et specific grade 
levels. For example, Fundamentals of Mathematics is a supplementar y basal 
courseware program that has 81 lessons that relate to basic math ski ll s in 
grades 4-5-6. 

QUESTION: What is the role of the key operator? 

ANSWER: A key operator in a school determines if a diskette needs to be 
replaced, make or help make backup copies of public domain courseware and 
determines when a piece of equipment needs to be repaired. By using 
equipment from various c lassrooms, the key operator may switch disk 
drives, moni tors and computers around until it i s determined exactly which 
piece of equipment is not working. Sometimes it is the diskettes and not 
the disk drive. Adjusting all knobs properly, checking to see if the 
power cords are working and that all plugs or attached cords are secure 
are routine activi t ies of a key operator to minimize maintenance costa and 
help keep microcomputer systems operating properly. 

The teachers and students in any school must be trained to handle 
diskettes properly and return them to their storage boxes. The equipment 
should be cleaned wit h a soft cloth once each week and all equipment 
covered at night and on weekends. Large plastic leaf bags or commercial 
plastic covers may be used to protect the e quipment from dust overnight 
and on weekends or during vacation per i ods. 

QUESTION: What does it ■ean to license courseware - to a school? 

ANSWER: Licensed courseware is usually related to courseware on a herd 
disk microcoaputer network. Since a network usually has 4 t o 30 
microcomputers the vendor may price courseware valued at $100 for 3 to 4 
times that amount if you agree to use it only in a designated laboratory 
situation. Courseware may be licensed to a district in such a way that 
you can make as many copies as you want in your school district, but 
copies may not be made available to o ther districts. 

QUESTION : Should students be allowed to work problems on a tablet next to 
the coaputer while using the computer? 

ANSWER: Gener ally the answer is yes. An exception might be memory work 
related to spelling or learning number facts in arithmetic. Be sure 
enough table space is provided so students can work problems just as they 
would at their desk. 
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QUESTION: What special preparations should be taken in wiring classrooms 
for computer use? 

ANSWER: If the school district does not have a licensed electrician on 
the maintenance staff, the district should eaploy a licensed electrician 
to make any needed changes in the wiring. Check to be sure there is a 
good earth ground at the circuit breaker box. A power surge protection 
device should be installed in each classroom where the computers are to be 
used. Electrical wires should be run along the wall in a conduit and then 
an outlet receptacle installed for each microcomputer system. 

A CMI-CAI network lab presents special probleas because a network is 
sensitive to induced current and noise or "dirty" electricity. A 
completly dedicated circuit should be run fro■ the switch box to the lab. 
The circuit should have its own ground. Power surge protection devices 
should also be used. All wires should be placed in conduits and the 
network (trunk line) should be kept away from florescent lights and 
extension cords. 

QUESTION: Should the hardware be turned off during a heavy rain or storm 
in which there is severe lightning? 

ANSWER: If there is lightning occurring near the school, the 
mi crocomputer should be turned off and unplugged. However, a general rain 
or light snow in which there is little or no lightning should not prevent 
the use of the computers for instruction. In an ice storm the general 
rule is to turn off and unplug the systems if the lights start flickering. 

QUESTION: Should computers be covered by insurance? 

ANSWER: A hundred dollar deductible policy is recom■ended. The best 
procedure is to include the microco puter hardware on the school's general 
equipment insurance policy. 

QUESTION: What is an equipment warranty? 

ANSWER:. A war ranty means that the co pany will repair or replace the 
defective equipment at no cost within the warranty time period. In a 
formal bid the vendor should indicate how this will be done and the time 
required. An equipment warranty is usually one year for computers, 
onitors and disk drives and 90 days for printers. 

QUESTION: How do you get your mi crocomput er equipment repaired? 

ANSWER: When a school district takes bids on equipment, require that 
the vendor give a minimum of seven day service turn around time on 
equipment under warranty and equipment out of warranty . Arrange to call 
the vendor at no charge and indicate what equipment is down. The vendor 
calls UPS or Federal Express and the defective equipment, properly boxed 
and labeled for shipment, is picked up at the principal's office the next 
day. The vendor either repairs the equipment or sends a replacement unit 
within three to seven days. Any bid should cover the maintenance 
procedure in such a way that the vendor's bid includes the pick up and 
delivery cost. 
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QUESTION: In a self-contained classroom, except for the students that are 
pulled out for special instruction, students are in your room all day. 
What is a typical week of computer use like in that instructional setting? 

ANSWER: Students can work on math 12- 20 minutes each day 4 days in 10 
and reading and language arts 12-20 minutes each day 4 days in 10. Two 
days in 10 programs that have game formats or provide problem solving 
lessons ay be used for motivation . 

QUESTION: Should a school purchase backup e quipment and how many sets of 
courseware is needed in each classroom? 

ANSWER: It is wise to purchase one complet e backup system (computer, 
disk drive, onitor and printer) for every 10 -12 systems purchased. The 
extra systems are used for regular instruction. However, the computers 
automatically are used as replacements if needed. This helps prevent 
downtime especially in schools located over one hundred miles from the 
maintenance site . 

One complete set of courseware for every two computers is 
recommended. If management courseware is used and on ly one management 
disk is available for every four computers, two of the microcomputers 
should be located back to back with the other two so that students can 
hand each other a disk directly and eliminate passing a disk or getting up 
and taking it to another student. If courseware is interactive it cannot 
be shared during its use, one set of courseware per computer will be 
needed. It takes about 3-4 minutes for a student to get a lesson loaded 
and ready to run. It takes only about 1-2 minutes to get the computer 
ready for the next person. 

QUESTION: Is a clock or timer needed in a classroom so students will know 
when to go to the computer? 

ANSWER: A clock should be located near the computers so each student 
in the room can see the time. Students automatically move to and from the 
computer usually in 20 minutes time slots. Each student records the date, 
his name, the lesson he is working, time on and time off. The teacher 
should designate on the bulletin board the lessons to be worked each week. 
Usually lessons are related to current teaching oujectives or to concept 
development . 

QUESTION: What are teacher utility programs and authoring systems and do 
you use them in your school? 

ANSWER: Authoring systems, for example, may be used to develop lessons 
in spelling, capitalization and on the metric system. The teacher 
actually develops and stores lessons on a disk . Grade book util ity 
programs keep a record of grades. Some utility programs generate an d 
print out worksheets in mathematics fo r drill and practice. 

QUESTION: Describe how a school might use computer-managed instruction 
(CMI)? 

ANSWER: Specifically, the C-AIM program uses four to eight micro-
computers networked to a dual disk drive . Students are scheduled to be 
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tested on basic skills in reading and mathematics every three to six 
weeks. They take the test directly on the computer and a report is 
generated that shows the extent to which eac h student is mastering basic 
skills . The report indicates which object ives were mastered and which 
were not mastered in certain units. The printout also gives prescriptions 
that helps the teacher identify CAI and other aaterials that can be used 
to remediate the skills that haven't been mastered. 

QUESTION: What are some of the most important things that have been 
learned in the IMPAC program about using microco■puter instruction? 

ANSWER: Many things have been learned. However, five will be given as 
illustrations. 

First, be sure you bid your equipment and courseware so that you get 
good service. Be sure the electrical circui ts are installed properly. 
The morale of teachers and students is affected when equipment or 
courseware doesn't work. 

Second, a Level I in-service training program (16-24 clock hours) is 
a must for all teachers directly involved in microcomputer instruction. 
In general, a school district may take one complete year to train teachers 
in the use of CA I and CMI appli c tions of microcomputers, select and bid 
coursewere end hardware and gain experience with the management procedures 
requi red. At least one additional year will be needed to refine the 
program so that it is ef f ectively supplementing instruction . 

Th i rd , for stand alone computers have at least one set of courseware 
for every two computers and enough storage boxes to keep them organized. 
One set of interactive courseware is required for each computer. For a 
network, CMI-CAI coursewere on a 20 megabyte hard disk drive involving 16 
or more computers must be secured under a license agree ent . 

Fourth, making the cho ice between placing microcomputers in the 
teacher's c lassr oom or placing them in a laboratory determines the 
dynami cs of how the instructional program will operate. Continuous use 
with a variety of applications and its associated management problems 
represent a plus and mi nus for in classroom use. Targeting specific basic 
skill s deficienc i es using comprehensive courseware on a hard disk network 
un der the direction of a paraprofess i onal and -being tied to a regimented 
schedul e are a plus and a minus for laboratory use. 

Fi nally, don' t let the computer con trol your instructional program. 
Make the computer work for you. Let it do things for you that save you 
time and energy . Don't let computer-assisted instruction be extra - let 
it replace some o f the activities you are presently doing through 
work sheet s or workbooks. 
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APPENDIX A 
PLANNING GUIDE 

Basic Information 
School District 
Superintendent 
Project Director 
Names, position, training of planning co■mittee 
members 
Existing programs developed using federal, state or 
local funds 
Programs developed for possible federal, state or 
local funding during the current year 

Description of each Program (repeat for each program) 
Program objective 

Learner outcomes 

Visits to pilot projects and research involved in 
establishing objectives 

Grade levels affected 

Number of students affected 

In-service training plan 

Teachers involved and their qualifications 

Microcomputer systems to be used 

Bidding process 

Service and maintenance arrangements 

Specifications for furniture and ~lectrical wiring 

Courseware to be used 

Calendar of activities to implement programs 

Technical liaison person 

Community involvement 

Sources of funds 

Evaluation procedures 
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APPENDIX A (continued) 

Steps in Implementing Microcomputers in Instruction 

1. Appoint a local program coordinator 

2. Appoint a planning committee and begin Level I In-servi ce 
Training that include: 
a. Operating skills 
b. Terms and definitions 
c. Educational uses of computers 

- Drill and practice 
- Tutorials 
- Games 
- Simulations 
- Information retrieval 
- Applications programs 
- Materials generation 

d. Ways of scheduling use in building, classroom 

3. Develop goals and objectives f or inst ruct ional applications of 
microcomputers 

4. Identify software to accomplish objec tive s 
a. Cost of software, backups, storage and replacement di sk 
b. Computer capabilities needed 
c. In-service required 
d. Classroom manage ent requirements 

5. Find hardware on which software will run 
a. Determine cost of each computer, peripherals, tabl es , chairs and 

electrical wiring 
b. Estimate cost of maintenance 
c. Identify how many computers are needed 

6. Estimate number of students affected 
7. How many computers are needed at each building 

8. Determine how much money is availabl e fr om funding sources (Local, 
State, Federal, PTA and Business and Industry) 
a. List funds available for cu r rent year 
b. Project funds for next 2 to 3 years 

9. Order programs in priority so that greatest needs are met first 

10. Develop a 2 to 3 year time line to purchase desired hardwa re , 
software, train teachers and implement programs 

11. Establish plan for purchase and maintenance of hardware and software 

12 . Establish plan for ongoing support and training of teachers 
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Program 

CMI-CAI 

CMI-CAI 

CMI-CAI 

CMI-CAI 

CMI-CAI 

CAI 

CAI 

CAI 

CA I 

CAI 

CAI 

CAI 

CAI 

CAI 

CAI 

CAI 

CAI 

CAI 

C-AIM 

C- AIM 

CAI lab 

CAI lab 

APPENDIX B 
IMPAC PROJECT SITBS 

School District 

Fayetteville 

Fort Smith 

Monticello 

Pulaski County 

Vilonia 

Texarkana 

Gurdon 

El Dorado 

Corning 

So. Miss. Co. 

Mammoth Spring 

Waldron 

Hot Springs 

Gould 

Marshall 

Stu ttgart 

Benton 

Co nway 

Jonesboro 

West Memphis 

Little Ro c k 

Pin e Bluff 
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Teachers 

3 

3 

3 

3 

3 

6 

6 

6 

6 

6 

6 

4 

6 

2 

6 

6 

2 

1 

6 

9 

6 

12 

Hardware 

Apple Ile 
network 

Apple Ile 
network 

Apple Ile 
network 

Apple r-re 
network 

Apple IIe 
network 

Apple Ile 

Apple Ile 

Apple Ile 

Apple Ile 

Apple Ile 

Apple Ile 

Commodore-64 

Commodore-64 

Commodore - 64 

Commodore-64 

Commodore - 64 

Apple Ile 

Commodore - 64 

Commodore-64 

Collmodore- 64 

Commodore-64 

Apple Ile 
network 





APPENDIX C 

COST EFFECT I VENESS BASED ON EDUCATIONAL RESEARCH 

What does research say about how much a school district should invest 
in microcomputer instruction? Cos t analysis related to four different 
methods of improving basic skills through supplementary activities has 
been reported in a study, Cost Effectiveness of Four Educational 
Interventions, supported by funds from NIE and published May, 1984. The 
four interventions include: reduc ing class size, increasing the length of 
the school day, computer-assisted instruction and tutoring. In general, 
tutoring approaches were found to be the most cost effective, while 
reducing class size and increasing the amount of time devoted to 
traditional instruction were found to be the least cost effective. 
Computer - assisted instruction ranks between these two extremes. 

In this study, the cost effectiveness of supplementing any 
in struction was based on average gains (grade equivalent) in reading and 
mathematics per $200 cos t per student per year. The following table gives 
a summary of the results. 

COST EFFECTIVENESS RATIOS 

Method Cost/Student/Year 

Tutoring (an extra 30 minutes / day) 

Comput er - Assisted Instruction 
(an extra 30 minutes/day) 

Reducing class size (by 5) 

Increasing regular instructional 
time by an extra 30 minutes/day 

200 

200 

200 

200 

Average gain 
Math Reading 

• 6 .4 

.4 • 3 

• 3 .2 

• 3 • 2 

There is another approach to cost effectiveness and computer-assisted 
instructi on based on research findings the past 22 years. There are 
numerous research studies that support the following assumptions. 
However, these statistics should be viewed as averages and extreme 
deviations may occur unless conditions are similiar to those in schools 
from which the data was obtained. These assumptions form the basis for 
some generalizations that provide a good overview of the effect of CAI. 

A. Seventy- five percent (75%) of the cost of education per student 
is teacher and instructional materials related. 

8. Forty percent (40%) of the school day is devoted to mathematics 
and reading instruction. 
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C. Twenty percent (20,) of the innovative effect of 
computer-assisted instruct i on is related to the Hawthorne effect . 

D. When basi c skills instructi on is supplemented with CAI, the 
average grade level gain i n both mathematics and reading for 
students below grade is 0.5. The average grade level ga in f or 
students ab ove grade level is 0.25. The average grade level gain 
for all students is .37. 

E. The average grade level gain for all studen ts in read ing is 
seventy percent (70%) of the average grade l evel gain in 
mathematics . 

The following application of the information in A, B, C and Dis most 
revealing when compared to the NIE supported study . 

If the cost of education per child in Arkansas in 1984 is $2100 , then 
$2100 x . 75 = $1575 is the average instructionally related cost for all 
subject s . $1575 x .40 = $630 is average cost of mathematics and readi ng 
instruction f or which the average gain is 1.0 years. $630 x . 37 = $233 is 
the average cost to improve reading and mathematics inst r uc tion by 0.3 7 of 
a grade level. $233 x .80 = $186 is the av erage cost directly related to 
microcomputer instructi on. This suggests cost effectiveness for CA I is 
$186/st udent in order to obta i n an average gain of .37 grade le vel . The 
NIE supported study indicated the cost effectiveness of CAI as 0.35 grade 
level gain at a cost of $200/student. 

Estimating Effects of CAI on Class Average by Grade 

Class average gains due to supplementary methods of instruc tion can 
be misleading. A close look at expected resu lt s of CAI on grade lev e l 
gains in grades 4 - 6 provide a reasonable picture o f what is likely to be 
the result . 

Assume the average gain produced by CAI among students below grade 
level in mathematics is 0.6 and 0.4 in read ing . Assume the average gain 
by students above grade level in mathematics is 0.3 and 0.2 in reading. 
These expected gains are consistent with researc-0 findings about the 
affects of supplementary CAI instruc t i onal and assumption D above. Assume 
the average gain due to regular instruction without CAI or any other 
intervention is 0.6 for student below grade level and 1.3 for students 
above grade level in grades 1-6. These assumptions are very reasonable 
and in line with current SRA test scores in Arkansas. The following 
tables reveal the projected affects of CAI on class average by grade . 
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*Effects in Grades 4 -- 6 

Mathematics - Below Grade Level Students 

Normal Grade 
Level Progress 2.0 3.0 4.0 5.0 6.0 7.0 

Achievement based 1. 6 2.3 3.0 3.6 4.3 5.0 
on .6 gain/year 

Gains based on .6 1. 6 2.3 3.0 4.3 5.6 7.0 
gain/year plus .6 gains 
attributed to CAI 

Reading - Below Grade Level Students 

Normal Grade 
Level Progress 2.0 3.0 4.0 5.0 6.0 LJ!. 

Average Based on 1. 6 2.3 3.0 3.6 4.3 5.0 
Regular Gains . 6 

Average Gains 1. 6 2.3 3.0 4.1 5.2 6.3 
Due to CAI .4 

Mathematics - Above Grade Level Students 

Normal Grade 
Level Progress 2.0 3.0 4.0 5.0 6.0 7.0 

Ave rage Based on 2.3 3.6 5.0 6.3 7.6 9.0 
Regular Gains 1. 3 

Aver age Gains 2.3 3.6 5.0 6 •. 6 8.3 10.0 
Plus . 3 CAI 

Reading - Above Grade Lev-el Students 

Normal Grade 
Level Progress ~_Q_ 3.0 4.0 5.0 6 . 0 7.0 

Aver a ge Based on 2.3 3.6 5 . 0 6.3 7.6 9.0 
Regular Gains 1. 3 

Average Additional 2.3 3.6 5.0 6.5 8.1 9.6 
Gains due to CAI . 3 
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Normal Grade 
Level Progress 

Average Based 
Regular Gains 

Average Gains 
Plus .4 CAI 

Normal Grade 
Level Progress 

on 
1.0 

Average Based on 
Regular Gains 1.0 

2.0 

2.0 

2.0 

2.0 

2.0 

Math - All Students 

3.0 4.0 

3.0 4 .0 

3.0 4 .0 

Reading - All St uden t s 

3.0 

3.0 

4.0 

4.0 

5.0 

5.0 

5.4 

6.0 

5.0 

6.0 

6.0 

6.8 

7.0 

7.0 

8.3 

7.0 

7 . 0 

Average Gains 2.0 3.0 4.0 5 . 3 6.6 7.0 
Due t o CAI .3 

* Grade level scores should be read as grade l evel ach i eved at the e nd of 

a grade. Therefore , noraal progress for a student at the end of grade 3 

is 4 . 0 and at the end of grade 6 is 7.0. Also, . 4 means a 4 month gain. 

One final observation. How much of the real effects of CAI can be 
attributed to the fact that part o f it s success results because students 
are placed on tasks to re■ediate a specific ob j ective? Research studies 
on time management indicate that on the ave rage students are invo lv ed in 
instruction in all subjects 300 minutes per day. This means that 300 x .4 
= 120 minutes are devoted to reading and mathemati cs. Th is relates to a 
gain of 1.0 on the average for mathematics and reading for a typical 
class. Thus, 30 minutes on task in reading and mathemat i cs using CAI 
suggests an increaee of 30/120 = .25. However, the expected gain is 0.37 
grade levels. Thus, .12/.37 = . 32 or 32~ of thi s gain du e to CAI may be 
attributed to on task targeting of specific basi c skills objective. This 
exercise in linear relationships suggests what is likely to be happening 
with microco puter instruction. Th is also suggests wh y the C-AIM project 
has been so effective in Jonesboro and West Memphis . 

It should be noted that students below grade level by 1.0 at the end 
of the third grade in mathe■atics would be expected to be at grade level 
at the end of grade 6 . Students below grade level by 1.0 at the end of 
the third grade in reading would s till b e .6 below grade level at the end 
of grade 6. The other tables provide a realistic picture of expec te d 
gains for students only if the assu■ptions about normal class progress ar e 
valid in a given school. 
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APPENDIX D 

MODEL FOR MICROCOMPUTER INSTRUCTIONAL APPLICATIONS 

A teaching-learning model has been developed to provide an 
orientation for schools in the development of programs for consideration 
by the Commission. Concepts related to effective instruction, c lassroom 
management and established principles of learning theory have been 
incorporated into the model. The following matrix indicates the 
relationship between good classroom instruction practices and IMPAC 
programs . 

Objective Based 

Objective at Appropriate 
Level 

Guided Activities 
(Immediate Feedback) 

Diagnostic Questions 

Storage of Records 

Retrieval of Records 

Control of Learning 

Invol ve Learner in 
Learning Process 

Posit ive Reinforcement 

Drill and Practice 

Concept Development 

Knowledge of Results 

Generate Overt Behavior 

Problem Solving 

Mastery Questions 

(X) APPLICABLE 

CMI 
CAI 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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CAI 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

C-AIM 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 





APPENDIX E 
SCHEDULING COMPUTER TIME 

Self - Contained Classroom Schedule l 
(4 Microcomputers to 28 students) 

Large 
8:50 
9: 10 
9:30 

Break 

Group Instruction 
Group A 
Group B 
Group C 

10:10 Group D 
10:30 Group E 
10:50 Group F 
11:10 Group G 

All students 
" 
" 

It 

" 
" 
" 

Every student could be 
receivin g CAI in a given 
subject area four or 
five times a week. A 
second subject area 
could be introduced in 
the afternoon on a 
similiar schedule. 

Self-Contained Classroom Schedule 2 
(To allow f or some time constraints 
Mi crocomputers per 32 students) 

such as pull-out programs. 4 

8:30 

8:50 

9: 10 

9:30 

Break 

10:00 

10:40 

Week l 
Group A M-W-F 
Group B T- Th 

Group C M-W- F 
Group D T-Th 

Group E M-W-F 
Group F T-Th 

Group G M- W-F 
Group H T-Th 

Class goes to P.E. 2 days a week. 
Several in class go to remedial reading. 

Week 2 
T- Th 
M- W- F 
T- Th 
M- W-F 
T- Th 
M-W- F 
T-Th 
M- W- F 

Every student receives CAI 5 days out of 10. A second subject area could 

be introduced in the afternoon on a similar schedule. 

Departmentalized Classroom Schedule 
( 4 Microcomputers - 32 students) 

Mrs. Jones 
Reading Class 1 

Week 1 Week 2 
8:30 Gr oup A M-W-F T-Th 

Gr oup B T-Th M- W-F 
8:50 Group C M-W-F T- Th 

Group D T-Th M- W-F 
9:10 Group E M- W-F T- Th 

Group F T-Th M- W-F 
9:30 Group G M- W- F T- Th 

Group H T-Th M- W-F 
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Mrs. Jones· 
Reading Class 2 

10:00 

10:20 

10:40 

11:00 

Schedule students as in Class 1. Mrs. Brown 
teaches math to these same students so they 
receive CAI in math in her room using the same 
schedule. 

Laboratory Schedule 
(24 Microco puters - 24 students)) 

Mathematics 

8:00 - Warm-up computers 
"Boot-up" software 

8:30 - Claes 1 

9:00 - Class 2 

9:30 - Class 3 

10:00 - Clase 4 

10:30 - Class 5 

11:00 - Class 6 

11:30 - Class 7 

12:00 - Class 8 

12:30 - Break 

1:00 - Class 9 

1:30 - Claes 10 

2:00 - 3:00 - Open periods for aake-up work. 

Stay on this schedule four days out of five, or to increase the number of 
classes that can be involved, let classes alternate in going to the lab. 
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Example of a Class Schedule used by an IMPAC Sixth Grade Teacher 

This is a copy of a first period class schedule. The teacher teaches 
five different classes each day. There are 6 aicrocomputers in the 
classroom. 

8:30-8:45 
Teacher: Calls roll, leads students in grading daily work, discusses 

new concept and assigns daily work 
Monitor: Turns on all machines and loads courseware for the daily 

computer assignment 

8:46-9:00 
Teacher: Available for s•all group or individual help on present or 

past assignments - helps as needed on the computer 
Monitor: Takes care of some of the daily chores (passing out student 

folders, etc.) 
Students: One group of seven students go to their assigned computers 

for fifteen minutes. The other students file their daily 
work and start the work that is due the following day. 

9:00-9:15 
Teacher: 
Monitor: 

Students: 

9:15-9:20 

Same as above 
Free to study if needed 
A second group of six go to the coaputers as the first 
group takes care of their daily work 

Wrap up time. Time for answering questions and making 
preparation for dismissal 

WEEKLY SCHEDULE 

Monday 
Group 1 
Group 2 

Tuesday 
Group 3 
Group 4 

Wednesday 
Group 1 
Group 2 

Thursday 
Group 3 
Group 4 

Friday 
Make-up time 
all students 

Fr iday is spent as "catch-up time" by students who lost time due to 
hardware or software problems during the week. Public do■ain software 
that is related to class objectives is loaded on the computers. 

A similar schedule is followed with the third period math class at 10:20. 

When the 
40 minutes of 
was used with 
for the day. 
comprehensive 
students were 

first nine week grading period ended the students averaged 
CAI per week. A comprehensive supplementary math program 
both classes. The programs were matched with the objective 
At the beginning of the second nine weeks another 
supplementary math program was used with management, and 
allowed to work at their own pace. 
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A. Time Effectiveness: 

1. Teacher Instruction 
with Students 

2. Student Time 
on Task 

B. Cost Effectiveness: 

C . Compu t er Utilization: 

D. Instructional 
Effectiveness: 

E . In-service Training 

APPENDIX F 
CLASSROOM VBRSUS LAB 

Classroom Model 

Computer is one of 
several instructional 
activities. 

A few students work 
at computers while 
others do seat work 
or work with teacher 
in a small group 

No special aide or 
teacher needed in 
classroom. 

Depends on individual 

CAI: an integral part 
of total class­
room instruction 

CMI: management data 
in classroom 

Provided for each 
teacher involved 
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Lab Model 

Focused on 
computer 
instruction 
only. 

All students 
working on CAI lesson 
at same time 

Aide is needed. 
Fewer computers 
needed; less 
software needed but 
purchased for 
network use. 

In use full time 

CAI: Computer 
instruction is 
separate area 

CMI: teacher must 
schedule a 
time to 
retrieve data 
and make 
assignments. 

Focused on software 
rather than system. 
Special training 
for aide. 



J- ~ 



APPENDIX G 
SELECTING A MICROCOMPUTER AND PBRIPHBRALS 

The decision facing many educators at this time is which of the 
several microcomputers that are currently available should be considered 
for purchase by the local school district. Unfortunately, there is no 
precise set of factors that can lead to a "best brand" selection because 
there is no single microcomputer that is right for every educational 
situation. The identification of the specific classroom applications of a 
microcomputer system, a hands on fa■iliarity or on-site observation, a 
detailed listing of the microcomputer configuration and the availability 
of quality courseware are aids to hardwar·e selection. 

The following observations do not provide a recipe for successful 
hardware selection. However, these stateaents are the result of careful 
thought about the essentials in selecting ■icrocomputer systems for 
instructional applications at the ele■entary school level . 

a. Sufficient basic skills courseware and educational documents are 
available for elementary schools to give consideration to the purchase of 
the Apple IIe, Commodore 64 and Radio Shack TRS-80 Model III-IV (network 2 
or network 3). The IBM-PC and IBM-PC Jr. also deserve consideration since 
courseware is rapidly becoming available and educational discounts are 
available. This statement in no way is intended as an endorse■ent of a 
particular microcomputer system or considered an inclusive list. For 
example, companies such as ACORN and WICAT are involved iu program 
development o n microcomputers and minicomputers that deserves serious 
study by educators. Also, the statement only relates to instructional 
applications of microcomputers at the ele■entary school level. IBM and 
TRS-80 microcomputers have numerous business education and ad■inistrative 
applications. 

b. Any microcomputer system should include at least a CPU with a minimua 
of 64K RAM mem ory, a monitor designed for use with that specific computer 
and a disk drive. 

c. In the case of classroom conf igurations involving more than four (4) 
icrocomputers consideration should be given-to the inclusion of a 

printer . A bi-directional tractor feed printer is recommended. 
Investment in a letter quality printer is not recommended. 

d. Except for special function keys related to graphics and data entry, 
t he keyboard should function like a regular typewriter (QWERTY) keyboard 
so that good keyboarding skills may be developed. 

e. Microcomputer systems purchased in quantity should be capable of 
networking to either a floppy disk or hard disk in sets of at least four 
( 4) systems. Networks of up to 32 syste■s involving a hard disk have been 
effectively utilized in a school setting. Flexibility in aicrocomputer 
configurations is imperative for cost effective applications over a five 
( 5) year period. 

f. Color, sound and high resolution graphics have been essential to 
quality courseware. Expenditures for these features as extras should be 
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justified on the basis of their effectiveness in concept development 
courseware. 

Co■patibility of Software and Hardware 

Software programs are stored on a diskett e in such a way that only 
certain microcomputers, without odification, can run the programs. The 
program instructions are organized on the diskette according to a certain 
format. The microcomputer loads and runs the program using the disk 
operating system which is designed to read the program instructions off 
the diskette. The most common disk operating systems for which there ere 
large amounts of courseware are Apple 3.3, Commodore DOS, TRSDOS, MS-DOS 
and CP/M. Some microcomputers with additional chips or special systems 
software can run programs for■atted using one or more of these disk 
operating syste a. For instructional applications, schools ere advised to 
purchase only microcomputers that have disk operating systems that will 
load and run courseware that is expected to remain in abundant supply. 

EVALUATION OF MICROCOMPUTER HARDWARE 

Microcoaputers have a variety of featu res and capabilities. It is 
important to evaluate each system under consideration in terms of it s 
ability to meet the district's instructional needs. The following list 
includes the factors that should be considered in the assessment of 
microco■puter systems. 

Cost - The cost of aicrocomputera for educational purposes varies greatly 
fro■ lees than three hundred to about four thousand dollars. Cost 
co■parisons must be made in relationship to machine capabilities and 
software programs that are available. Cost most often reflects memory 
size, language capacity and the type of storage device available. When 
comparing costs of various machines, remember to be sure to compare 
■achines with similar configurations and capabilities. 

Meaory - There are two kinds of memory in a computer - RAM (random access 
memory) and ROM (read only memory). The RAM determines the size of the 
programs that can be run on the microcomputer. A program requiring 64K of 
me ory will not run on a co puter that has only 48K memory. The ROM is 
used for storing programs that are generally put in by the manufacturer as 
part of the operating system of the computer. The amount of memory 
available will often limit the courseware that can be run on the computer. 
A 64K emory is considered a minumu■ for courseware presently being 
developed. 

Periph§rala - These are devices that are accessories to the computer; 
h owever, often the co■puter will not function properly without certain 
peripherals. 

a . Floppy or hard disk drives - These are used to augment the memory 
capacity of the microcomputer . These devices can store and play back 
programs . Hard disk drives are more expensive than floppy disk drives, 
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but provide faster and more re liable storage and retrieval of information. 
Hard disk drives are usually used when microcomputers are networked 
together. 

b. Printers - If printed hard copies of student records or instructional 
prescriptions are desired, or if the microco■puter is to be used for word 
processing, the purchase of a printer is essential. The types of printers 
that can be used with a given microcomputer should be determined, as 
should the supportive items such as an interface card that may be 
necesssary to use the printer. The printer's speed and ability to 
reproduce graphics should be considered. Basically two types of printers 
are available (1) a dot matrix printer and (2) the letter quality printer. 
The letter quality printer will be much more expensive and is only 
necessary if high quality manuscripts produced through word processing are 
to be done. 

c. Monitor - The purpose of a monitor is to have a screen display of the 
output of the computer. In some mi c rocomputers the monitor is built in to 
the main unit. In others it is detached and considered a peripheral. 
When this is the case, the monitor selected should support the hardware 
purchased. Television sets can be used as ■onitors for some 
microcomputers. Generally a monitor has a higher degree of resolution and 
is mor e reliable than a television set. If the computer has color 
capabili t i es , consideration should be given to purchasing a color monitor. 
Generally, if the computer is to be used for word processing the green or 
amber screens are recommended. 

d. Modems - Modems allow microco■puters to "talk" to other co■puters over 
telephone lines. A modem would give the microcomputer access to 
information networks as well as potentially enabling it to be used as a 
"dumb terminal" for communication with other computers. In Arkansas the 
microcomputer is currently being used to connect schools and the 
Department of Education through Connect*Ed. Instructional applications of 
modems is limit ed at the elementary school level. 

Software - Collectively the programs that are loaded into the computer are 
known as software. Comp lete instructional packages for computer-assisted 
instruction/computer- managed instruction are referred to as courseware. 
Generally , software is available to suit a v~riety of educational needs. 
There is a wide variety in the quality and the availability of specific 
items for a particular machine. The software market is rapidly expanding; 
however, there is no assurance that educationally effective software 
developed for one computer will eventually be adapted for other odels. 
An attempt should be made to determine the availability of software and 
materials to meet the stated objectives for the school program. 

Screen Display The options for screen display ranges fro■ 20 to 80 
characters in width and 16 to 32 lines. Many microco puters have upper 
case letters only. 

Graphics The greater number of dots or blocks that can be used to 
displ ay a graphic, the higher the resolution (greater the detail). Some 
computers are capable of character graphics programming while others have 
higher resolution graph i cs. Many programs such as LOGO will not run on 
machines with only character graphics. 
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Keyboard There are two basic types of keyboards available on 
coaputers . The typewriter-like unit with keys you depress and a flat 
(membrane) unit with keys drawn on a smooth surface that is pressure 
sensitive. Students with any keyboarding experience will respond 
positively to the typewriter-like feature. Many keyboards feature special 
function keys - these are generally preferred i f the y are not accessed by 
the regular typewriter keyboard . Another option that is often e major 
consideration is the presence of a separate number pad. 

Sound and/or Music This feature comes standard on some microcomputers 
and can be added at additional cost on other models. Sound is usually 
considered a motivational feature for young users . 

Color Co puters that have color capabilities display e ran ge of 4 t o 
16 colors. Color is a consideration in the reinforcement end motivation 
of young students, for highlighting , contrasting, or increasing the appeal 
of the program. 

Networking and/or Expansion To lessen the cost for peripherals such es 
disk drives and/or printers, networking capabilities can be explored. 
Care must be taken in assessing the networking capabilities so that the 
desired couraeware will in fact work on the network. Most of th e 
"protected" programs from commercial sources will not l oad ont o the 
network without modification. Several expansion capabil ities are 
available for additional co ts including interact iv e videotape en d 
videodisc connections . 

Lan«uagee BASIC (Beginners' Al l Purpose Symbolic Instruction Code) is 
the ■oat common language for the microcomputer. Microcomputers differ in 
the type of BASIC used. One should not assume that software written for 
one brand of microcomputer will run on another brand. Many computers have 
the capability of being progra■■ed in other languages. To adjust the 
computer for use with other languages requires the purchase of e language 
modifying item such as a language card or cartridge. The following 
languages are soaeti■es used : 

a. 'Pascal This structured language is useful for those interested in 
ore advanced compute r program■ing. 

b. Pilot (or other authoring languages) This authoring language 
allows teachers with no prograa ing experience to write computer-assisted 
instruction prograas for use with their own classes. However, such 
courseware is seldo coat effective when compared to good commercial 
courseware. 

c. Fortran (Formula Translat ion) This scientific language is useful 
for dealing with problems in science and engineering. 

d. LOGO This highly interactive language is designed primarily for 
us e with young children. 
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APPENDIX H 
EQUIPMENT BID SPECIFICATIONS AND MAINTENANCE AGRBBMBNTS 

When securing equipment, consideration should be given to the 
development of bid specifications and ■aintenance agree■ents. Such 
specifications and agreements cause the local school district to describe 
specifically what equipment is to be purchased, the appropriateness of 
functionally equivalent equipment and the type of ■aintenance expected. 

In most cases the school district should require that a vendor bid on 
the entire system as a prime contractor. The selected contractor should 
be required to assume all responsibility for the equipment and be the 
primary point of contact with regard to equipment, maintenance and 
support. The vendor should be an authorized service dealer for the 
microcomputers being bid. 

Cri t eria for evaluat ing microco■puter systems in the context of a bid 
are being used in the evaluations of bids sub■itted relating to IMPAC 
programs. You are encouraged to use this criteria in evaluating bids. 
Certainly the criteria reveals in part the Co■aission's view that 
evaluation of bids may be an important process especially in large 
equipment orders. 

1. EVALUATION CRITERIA RELATED TO BQUIPMBNT SPECIFICATIONS 

The selection process should be based on a predetermined methodology and 
set of evaluation criteria. The evaluation criteria should reflect the 
fol lowing objectives and considerations: 

a. The ability of the vendor to satisfy the school's overall 
computer based instruction goals 

b. Meeting the miniaum aandatory requireaents set forth in 
the specifications 

c. The total cost of the syste■, including transportation, 
installation, maintenance and training 

d. The level of vendor assistance, aids and promptness of 
the installation effort 

e. The level of vendor maintenance support for the hardware 

f. The number and type of vendor references specified 

g. Emphasis should be placed on the clarity and conciseness 
of vendor proposals. Failure to completely meet any one 
of the mandatory requireaents including bid format and 
submission of the required number of copies at the time 
of bid opening, may be sufficient cause for rejection of 
the vendor's proposal. 
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In addition t o the cri teria noted above, the skills , facilities, 
experience, previous work and finan c ial standing of the bidder; and the 
quality, efficiency and constructi on of the equipmen t proposed to be 
furnished should be considered. 

2. MAINTENANCE SUPPORT RBQUIRBMBNTS 

The vendor should aasu■e total respons ibility for all the hardware 
purchased. Any vendor proposing the hardware in response to a bid should 
certify that aintenance can and will be p rovided in accordance with bid 
requirements. 

Maintenance service should be availabl e to the school on-call fro■ 
8 a.m. to 5 p.m., Monday through Friday . This plan should offer, d r ing 
the principal period of maintenance, a minimum of next day response to a 
trouble call. The maintenance plan bid should describe how the bidder 
will provide maintenance service, identify all parts required, and outline 
all associated coats. 

If any component in the computer based instruction system remains 
inoperative for more than seventy-two (72) hours from time of noti fication 
of failure, the school district should reserve the right to e xercis e the 
following options: 

a. Suspend payment of ■aintenance on the malfunctioning systems(s) 
or machine(s) rendered unusable. Maintenance payments wou l d resume at 
such time the sy~tcm(s)/aachine(s) are re turned to an acceptable service 
level determined by the school district. 

b. Allow the vendor to replace malfunctioning system(s) or 
■achine(s) with equipment of equal o r greater capacity at no expense to 
the school district. 

Contracted •onthly ■aintenance should be proposed and begin after 
expiration of the defined warranty period offered in the bid. If 
maintenance charges are to escalate from year to year during the 
maintenance contract period, a maxi■u■ annual percentage rate of increase 
should be stated and evaluated as such. Bscalative charges should only be 
put into effect at the beginning of the school 'distr ict's fiscal year 
(July 1) and only if preceded by 90 days writt en notice. Maintenance 
charges should be stated on a per unit b asis . 

Time-and-■aterial maintenance s houl d be proposed and begin after 
expiration of the warranty period offe red in the bid. Bidders should 
state the period of tiae all associated costs for such service will remain 
in effect. A bidder should state their experience factor as regards mean 
time between failure for the equipment proposed . 

A bidder should provide a t oll-free telephone number (or one which 
will accept collect calla) through which the school district may obtain 
ope rational diagnostic assistance for hardware. 
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A bidder should provide a detailed explanation of both maintenance 
programs proposed by the vendor to provide service at the school district 
so as to insure attainment of a goal of maximum up-time. The explanation 
should address the following points. 

a. Parts supply and availability 

b. Technical personnel support giving numbers and skill 
levels 

c. Backup support for technical personnel 

d. Backup equipment availability 

e. Length and terms of warranty on each system/software 

f. Average turn-around time for requested remedial 
maintenance 

g. Time and material rates 

h. A list and cost of any spare parts that the bidder 
suggests the school district should keep on-hand 

The school district should be able to select either monthly 
contracted or time and material maintenance plans. However, the cost of 
the bidders proposal should be either a monthly or time and aaterial 
contract for maintenance of equipment. 

Delivery and Installation of Equipment 

Delivery and installation of all hardware should be completed within 
a specified (usually 30-45 days) time after bid award. 

The bidder should assume responsibility for: 

a. arranging for equipment transportation to specified 
school district receiving center 

b. the risk of loss and/or damage during shipment of all 
equipment 

c. the installation of all the microcomputer systems 
excluding preparation of the physical facility 

d. outlining in detail the requirements for required modi ­
fication of the physical site if any, to acco-odate 
installation of the proposed hardware 

e. all necessary cabling 

f. des cribing in detail their methodology and criteria 
for acceptance testing and certification of each system 
as "customer ready" 
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Bidders should des cribe the remedial action to be taken following 
certification of ayste■ as "cuat o er ready" in the event any system fails 
to meet the school district's standards. A performance (90% overall 
up-time) calculated as follows is recommended : 

._(_P_r~o~d~u-c ........ t-i-v_e_t_i-•=e-----P-o-w-n ____ t-i=•~e ...... ) x 100 = Uptime percentage 
Productive time 

Productive time is def ined as those periods during which the system 
is scheduled for operational use by the school district. 

Acceptance of Bquip■ent 

The school district should prov ide a letter of acceptance when all 
requirements under specifications have been met . 

Training 

For■al custoaer training co-urses for use of the h ardware should be 
I 

required if needed and should be detailed as to cost and content i n the 
vendor proposal. The bidder should provide a specified number o f hours of 
.training for the ■chool district. 

On-site training should be specified for the teachers in the 
operation of the hardware after the equipaent has been delivered, 
installed and tested for operation in accordance wi t h the manufacturers 
specifications. It is recommended that training be availab l e within 
fifteen (15) days after the hardware becomes available for opera tional 
use. 

Documentation/Manuals 

Docu entation for each of the microcomputer systems should incl ude, 
at a ■ inimum, the following: 

a. User procedure aanual f or ai crocomputers 

b. Microcoaputer system aanuals 
(1) Syate operating aanual 
(2) Maintenance manual 

c. Courseware aanuals (if any) 

The bidder should provide unit costs for all documentation identified 
above that would apply to subsequent school district purchases. 

Bidders should state their policy as rega rds reproduction of mHnuals 
for the exclusive use of school district employees and students for 
educational purposes . 
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Pricing 

All charges associated with the proposed hardware should be included 
on the Bidders Price Sheet and should be included in the costing 
evaluation. These prices should include the following: 

a. Equipment pricing 

b. All cabling costs, if additional 

c. Maintenance costs 

d. Maximum amount of annual increase in aaintenance cost 
which the vendor may charge (NOTH: This should be quoted 
in terms of maximum dollar or percentage increase over 
previous year) 

e. Shipping date estimate and anticipated date of 
installation 

f. Installation charges, if any 

Summary 

In preparing a bid be sure to cover the following items: 

A. Accept bids only from authorized service dealers. 

B. Detail description of equipment 

C. Vendor clarification of warranty and how equipment will be repaired 
or replaced 

D. Clarification of maintenance available after warranty 

E. Expectat ions for on-site installation, including electrical 
requirements, set up and certification that equipment is working using 
performance test 

F. Training and orientation of staff 

G. Documentation manuals and software required to use the system 

H. Prices on each item in the main bid request 

I. Terms of payment 

J. Length of term of the bid 

K. Prices of optional items that enhance the use of the system should be 
included since diskettes, diskette boxes, computer covers, power block 
switches, paper and ribbons will be needed eventually. 
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APPENDIX I 
CLASSROOM FACILITIES 

There are several types of configuration of microcomputer systems 
that are likely to become standard equip ent in eleaentary and secondary 
classrooms. Included are the following: 

A. Classrooms with 2, 4 or 6 microcomputer syste■s in either 
a small network arrangement or as stand alone units 

B. A lab oratory using 16, 24 or 30 microcomputer systems 
networked to a dual disk drive or a hard disk 

C. Learning centers, either in the classroom or media 
center, utilizing 1-8 microcomputer systems with a 
variety of problem solving and simulation courseware 

A microcomputer system usually includes a microcomputer, onitor and 
disk dr ive . Also, for every four systems there is one printer and an 
extra disk drive. There must be some consideration given for storage of 
courseware and printer paper. 

The specifications related to each configuration described above are 
provided to assist in school facility planning. 

REGULAR CLASSROOMS 

Electrical 

Each microcomputer system requires at least three electrical outlets 
(microcomputer - monitor - disk drive). Also, a printer (one additional 
electrical outlet) is usually provided for every four microcomputer 
systems . This is the inimum configuration recommended for an elementary 
schoo l classroom. Power surges are common in most school districts. A 
power surge protection device with a current filter and four outlets 
should be plugged into the wall receptacle. An extension cord from each 
of thes e outlets should extend to each microcomputer system and provide 
f our outlets for the systems components. Once a systea is out of 
warranty, extensive damage from power surges caused by lightning is the 
s c ho ol district responsibility. Insurance that covers theft and storm 
damage should be considered. A switch that turns all systems on or off at 
the same time is recommended. This is very useful at the beginning and 
end of eac h school day and during electrical storms. 

Li ghting 

No special lighting is required. This assumes that the room meets 
recom~ended standards for a regular classroom. Microcomputer systems 
should no t be placed near heating or coo ling units, or located so that 
students face windows without shades . 
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Floor Coverings 

No special floor coverings are required. However, concrete floors 
are not recommended due to e xcess ive dust. If carpet is installed, it 
must be static free. 

Furn iture 

Tables (with non-folding or lockable legs and wood table tops) should 
be at least 30 inches wide, appropriate height depends on grade level, and 
at least 6 feet in length. The station using the printer will need two 
additional feet of length. This means in a typical elementary clas sro om, 
one 6' table, one 8' table, 4 chairs and appropriate electrical wirin g 
will be needed. Space needs for such a configuration, as well as ot he r 
configurations are given below: 

Minimum Room 
# Systems # 6' Tables , 8' Tables Chairs Space Needed 

2 0 l 2 48 sq. ft. 
4 1 1 4 84 sq. ft. 
6 2 l 6 120 sq. ft. 

MICROCOMPUTER INSTRUCTION LABORATORIES 

Electrical 

In addition to the electrical outlets required for each microcomputer 
system (microcomputer, monitor and disk drive) - an outlet is ne eded for 
at least one printer, a hard dis·k drive and disk server. Laborato r ie s 
with 16, 24 and 30 microcomputer systems is recommended as feasible if 
one-half or all of the studenta use the lab during a given time block 
(usually 20-.30 minutes ). Microco■puters are networked together using a 
small trunk line or wire that carries signals. The trunk line should be 
secured in the back of tables so that students cannot kick the line with 
their feet while working on the computers. Instalr or ensure that 
dedicated circuits are used in networks. "Dedicated" means that nothing 
other than the co■puter system can be plugged into these circuits. The 
circuit also needs a good earth ground. 

A switch that turns all the systems on or off at the same time is 
recommended. Such a switch should be put inside a lockable case in orde r 
to protect agains t accidental switching. 

Lighting 

Shades may be needed since, regardless of the room arrangement, glare 
will be a distracting factor. 
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Floor Covering 

No special floor coverings are required. However, concrete floors 
are not recommended due to excessive dust. If carpet is installed, it 
must be static free. 

Furniture 

Dimensions and numbers of tables needed are comparable to those used 
in a regular classroom. However, an entire classroom will be needed for 
any given laboratory configuration. An extra a• table is needed as a part 
of a teacher monitor station. 

Minimum 
# Systems # 6' Tables # 8' Tables Chairs Floor Space 

16 6 2 17 312 sq . ft. 
24 10 2 25 456 sq. ft. 
30 14 2 30 600 sq. ft. 

MEDIA CBNTBR 

The guidelines provided for 2, 4 or 6 microcomputer systems in a 
c lass room apply to the media center. 
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APPBNDIX J 
ELECTRICAL REQUIREMENTS 

Is the electrical power to your classroom clean? The electrical 
outlets for your computers should provide steady reliable power. This is 
most important when computers are tied together via a high speed 
communications "local area network" (LAN). 

Electrical power utilities are often bla■ed for "dirty power" but 
most induced current affecting microcomputers and computer networks is 
generated after it leaves the main source and before it arrives at the 
classroom outlet. Most of these electrical power problems are of the 
following types: 

1) Brown-outs (low voltage on an electrical distribution system) may 
be caused by localized overloads between the main commercial 
power system and local distribution, uncontrolled area wide 
reduction of voltage caused by extre■ely heavy de■and over a 
large area, and controlled deliberate wide reduction of voltage 
by the power company to prevent a blackout. 

2) Black-outs or power outages (no electrical power in a given 
locale or large area) may be caused by an overload condition 
within your school building (the circuit breaker trips), a local 
distribution failure ( a pole mounted transformer or circuit 
breaker is damaged) and a power failure caused by large area 
wide problems. 

3) Alternate current (AC) line irregularities may exist due to at 
least six causes: lightning discharges from a flash occurring up 
to several miles away; switching of nearby inductive loads from 
motors, air conditioners, fans or large relays; electrostatic 
discharges or static electricity; nearby radio and television 
stations; loose electrical connections and fluorescent lights . 

Causes of "dirty power" or "noise" may be miles away, in the building 
next door or in the room down the hall. Al■ost never attributed to a 
~in~:~ source, they are usually the sua of nu■erous disruptive influences. 
There is little the electric power co■pany can do. It is the user's 
responsibility to protect his or her equipment against these problems . 

Normally, educational microcomputer systems are not protected from 
brown outs and black outs. If the power goes off, fluctuates or 
electrical thunderstorms are in the area the teachers should turn off the 
computers or shut down the computer network. After it has been verified 
that the power is good, the teacher may turn on the co puter systems 
again. 

If the electrical power to the computers is on a dedicated circuit 
with little inductive noise and well-grounded, surge protectors will 
generally be adequate. 

Line irregularities can be reduced. A licensed electrician should be 
used for this task. You should share the following directions with the 
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electrician. Feel free to contact the IMPAC office if clarification is 
needed. 

Ensure that the electrical outlets that will be used by the computer 
systems are noise free and well-grounded. If they are not, take the 
following steps: 

Install a dedicated circuit from each room back to a common circuit 
breaker panel. Bach conduit should carry only one circuit - a hot, a 
neutral and a ground wire. Connect these wires to "isolated ground 
outlets~ in the room and to the circuit breaker, a neutral bar and a 
ground bar in the circuit breaker panel. A good earth ground should be 
established at that com on circuit breaker panel. We re commen d driving a 
grounding rod below that panel. All conduits should be secured tigh tl y. 
The circuit breaker panel box should be bonded to the earth ground and to 
the ground wire from the conduit. 

It is important that all coaputer systems that are tied together 
through networks have the same ground reference (no electrical potential 
should exist between the ground in one outlet or plug versus another). 

If possible, try to balance the electrical load by using all phases 
of electrical power. For example, if there are six classrooms involved, 
install a dedicated circuit to two of the rooms using phas e A, put two 
rooms on phase Band two on phase C. 

The quality of the electrical power is critical to a microcomputer 
network. The electrical wiring should be certified as acceptable by a 
qualified licensed electrician following network specifications. The 
IMPAC educational technologist should be contacted if you have any 
questions. Good clean electrical power is a must for a network. 
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• APPENDIX K 
IN-SERVICE PROGRAMS 

Introduction to Microcomputers and their Instructional Applications 
In-service Training Level I 

Any teacher involved in instructional applications of microcomputers 
needs a minimum of 24 clock hours of pre-service or in-service 
instruction. The training should involve one of the actual computers and 
other associated hardware to be used by the teacher. Software comparable 
to the software to be used in classroom instruction should also be 
available. Teachers should develop the ability to understand the 
capabilities of microcomputer technology as it relates to co puter-managed 
and computer-assisted instruction in a self-contained, departmental or 
laboratory setting. 

The following is an outline of a recommended 24 clock hour course 
that should meet the objectives stated above: 

A. KEYBOARDING SKILLS - 2 hours 
1. Identification of the keys, the role of each and 

especially those that perform special functions when the 
student interacts with software. 

2. Break and reset 
3. Clear screen procedure 
4. Special and multiple function keys 

B. INTERACTING WITH SOFTWARE - 4 hours 
1. Loading and saving a program 
2. Auto and soft disk boots 
3. Running and controlling a program 
4 . Interacting with courseware 
5. Break and reset technique 
6. Obtaining and working from a menu 
7. Keying in short programs and executing 

C. TERMINOLOGY - 3 hours 
1. CPU/ROM/RAM 
2. Input/output 
3. Cassette/floppy disk/hard disk 
4. Monitor: Display characteristics and capabilities 
5. Load, Save, Run, List 
6. Mo therboard/bus 
7. Catalog/directory 

D. MICROCOMPUTER INSTRUCTIONAL SYSTEM - 4 hours 
1. Microcomputer with ROM and RAM 
2. Monitor and keyboard 
3. External storage - floppy disk and hard disk 
4. Printer 
5. Floppy disk characteristics and usage 
6. Utility programs 
7. Clock/counter/random number generators 

-53- · 



B. INSTRUCTIONAL USBS - 4 hours 
1. Networks 
2. Categories of coaputers used in education 
3. Specific CAI strategies 
4. Definitions of cost effectiveness 
5. Strategies for •aintaining technology awareness 
6. Selecting software keyed to objectives 
7. Classroom instructional management and organization 

F. COURSEWARE EVALUATION - 4 hours 
1. Evaluation criteria/evaluation forms 
2. Sources of courseware evaluations 
3. Matching courseware and instructional objectives 
4. Pricing techniques 
5. User groups 
6. Public Domain 
7. Vertical files of courseware 
8. Backups 

G. ISSUBS RBLATID TO COMPUTBR BASBD INSTRUCTION - 2 hours 
1. Cost Justification 
2. Literacy 
3. High tech jobs in perspective 
4. Copyright laws 
5 •• Courseware/hardware coapatibility 
6. Equity in access to computers 
7. Budget priorites 
8. Privacy 

H. A VIEW TO TBB FUTURE - 1 hour 
1. Evolution of computers and their impact on society 
2. Authoring languages 
3. LOGO/PILOT 
4. Word processing 
5. Interactive video 
6. Minicomputer systems 
7. Textbook/courseware supplements 
8. Handheld computers/cartridges of courseware 
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Planning and Coordinating Instructional Applications of Microcomputers 
Level II Training 

Instructional coordinators should be prepared to help teachers with 
Level I training to use computers as instructional and management tools. 
The coordinator should be able to help teachers incorporate the use of 
computers into their instructional program. This involves the designing 
of unit. or single lesson plans, evaluation of couraeware, instructional 
strategies and the selection of the components of microcomputer systems. 
The training of the instructional coordinator should place emphasis on 
instructional strategies, introductory programming skills and 
microcomputer systems appropriate to meet specific educational objectives 
over a five (5) year period. A recommended course outline is given below 
and assumes an equivalence of prior Level I training. 

A. Scope of Computer-Assisted Instruction Activities - 6 hours 
1. Drill and Practice 
2. Tutorial 
3 . Simulation 
4. Gaming 
5. Problem solving 
6. Word processing 
7. Criteria for selection of appropriate instructional 

activity 

B. Software Evaluation and Selection - 9 hours 
1. Software review guidelines 
2. Sources of reviews 
3. Selection of software relative to instructional objective 
4. Technical requirements - RAM/hardware/language 
5. Pricing 
6. Ve rti ca l files of software 
7 . Organizing and maintaining a software library 
8. Maintenance of software and hardware 

C. Integrating Computers into Instructional Units - 6 hours 
1. Research on CAI 
2. Laboratory/stand alone 
3. Scheduling and supervising CAI/time on -task 
4. Modes of instruction - drill and practice/tutorial/games 
5. Formative and su■mative evaluation 

D. Inst ructional Support Software - 9 hours 
1 . Comput er-managed instruction/tracking student progress 
2. Datab ase systems 
3 . Word Processing 
4. Spreadsheets 
5. Teacher Utilities 
6. Tes ting and evaluation programs 
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R. Programm ing Skills - 9 hours 
1 . Flow c harts 
2. Introducti on to Basic 
3. Other instructional languages 
4 . Introduction to graphi cs, sound and color 

F. Developments in Computer Technology - 3 hours 
1 . Brief history of co■puters 
2. Applications of computers in business , government, 

medicine and science and industry 
3. Limitations of co puters 
4. Privacy issues 
5. Information processing and distribution 
6. Modems/Compuserve/The Source 

G. Microcomputer Instructional Systems - 6 hours 
1. Types of microcomputers and standard features/hardware 

evaluation 
2. Peripheral devices 
3. Future trends 

* Parti c ipants attending the Arkansas Leadership Conference on 
Microcomputer Instruction In-service Training generally agre e d that three 
levels of training may not meet the needs of Arkansas educators. I t was 
recommended that Level IIB training be developed to focus on the needs of 
the curriculum leaders in schools i.e. principals, curriculum specialists, 
library edia specialists and superintendents . These individuals would 
probably have little use for programming skills now outlined in Level II, 
but would need the knowledge an d sk ill to effectively integrate computer 
technology into the school curriculum. A format for regional conferences 
based on Level IIB training has been developed by the IMPAC staff. Level 
IIB training is essentially def i ned by the outline in this resource 
document. 
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APPENDIX L 
ESTIMATED SYSTEM COST OVER 1984-89 

Program type: CAI-Commodore 64 System 
# Students: 720 over 5 years 
Cost/5yrs/Student: $47802 / 720 = $66 

Item - Required 

Microcomputers 
Monitors (color) 
Single disk drives 
Printers 
MSD-2 Dual Drive 
Math courseware 
Reading & LA course­
ware 
Management course­
ware 
Blank Disk 
6 feet tables 
8 feet tables 
Chairs 
Electrical work 
In-service 
Disk Replacements 
Maintenance 
Disk Storage 
Space and utilities 
Paper and Ribbon 
Insur ance 
TOTAL 

Item - Optional 

Micro Backups 
Monitor Backups 
Backup drives 
Printers Backups 
6 feet tables 
8 feet tables 
Chairs 
Power Surge 
Single unit swi t ches 
TOTAL 

24 
24 
24 

4 
1 
6 
6 

N/A 

500 
6 
6 

24 
N/A 

7 
N/A 

24 
48 

N/A 
N/A 
N/A 

# 

2 
2 
6 
1 
1 
1 
2 
7 

14 

Cost/Unit 

$225 
270 
250 
250 
650 
800 
800 

N/A 

2 
60 
60 
15 

500 
150 
300 

75 
4 

N/A 
N/A 
200 

Cost/Unit 

225 
270 
250 
250 

60 
60 
15 
60 
20 

Total 

$5400 
6480 
6000 
1000 

650 
4800 
4800 

N/A 

1000 
360 
360 
360 
500 

1050 
300 

1800 
192 
N/A 
124 
200 

$35376 

Total 

460 
540 

1500 
250 

60 
60 
30 

420 
280 

$ 3590 

# Teachers Involved: ___§_ 

Year 2-5 
Additional Cost 

0 
0 
0 
0 
0 

800 
800 

N/ A 

500 
0 
0 
0 
0 

750 
900 

7200 
180 
N/A 
496 
800 

$12426 

Additional Cost 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Five-year 
Cost 
Total 

$5400 
6480 
6000 
1000 

650 
5600 
5600 

0 

1500 
360 
360 
360 
500 

1800 
1200 
9000 

372 
0 

620 
1000 

$47802 

Cost 
Total 

450 
540 

1500 
250 

60 
60 
30 

420 
280 

$ 3590 

I t should be noted that the estimated cost of each system includes more 
t han microcomputer equipment. The total cost of a system includes other 
items such as tables, electrical, teachers aide as needed and supplies of 
vari ous types. Th e backup systems may be deleted if a seven day or less 
maintenance service is available from the vendor . 
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Program type: QMI-CAI Coyogore 64 - Richvale Network Laboratory 
t Students: 1200 over 5 ~ears # Teachers Involved: _lQ_ 
Cost/5yrs/Student: $61608/1200 = $51 

Five- year 
Year 2-5 Cost 

Item - Required ....L Cost/Unit Total Additional Cost Total 

Microcomputers 24 $225 $5400 0 $5400 
Monitors 24 270 6480 0 6480 
Single disk drives 6 250 1500 0 1500 
Printers 1 250 250 0 250 
Math courseware 6 800 4800 800 5600 
Reading & LA 6 800 4800 800 5 600 
courseware 
Management courseware l 1500 1500 0 1500 
6 feet tables 11 60 660 0 660 
8 feet tables 1 60 60 0 60 
Chairs 24 15 360 0 360 
Electrical work N/A 700 700 0 700 
In-servi ce 7 160 1050 750 1800 
Maintenance N/A N/A 4000 16000 2000 0 
Space and Utilities N/A N/A N/A 0 0 
Hard Disk N/A N/A 4000 0 4000 
Network N/A N/A 4478 0 447 8 
Video Backup N/A N/A 600 0 600 
Paper and Ribbon N/A N/A 124 496 620 
Insurance N/A N/A 400 1600 20 00 
TOTAL $41162 $20446 $ 61608 

Item - 012tional J_ Cost/Unit Total Additional Cost Cost 
Total 

Mi cro Backups 2 225 450 0 450 
Monitor Backups 2 270 540 0 540 
Printers Backups 1 250 250 0 250 
6 feet tables 1 60 60 0 60 
8 feet tables 1 60 60 0 60 
Chairs 2 15 30 0 30 
Power Surge 7 60 420 0 420 
Single unit witch 14 20 280 0 280 
Aide N/A N/A 8000 32000 40000 
TOTAL $10090 $32000 $42090 
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ProgrRm type: CAI-AQQle Ile Sl'.:stem 
# Students: 720 over 5 l'.:ears # Teachers Involved: _§__ 
Cost/5yrs/Student: i59604/720 = $83 

Year 2-5 Five-year 
Item - Reguired # CostLUnit Total Additional Cost Cost 

Total 

Microcomputers 24 $ 655 $15720 0 $15720 
Monitors 24 160 3840 0 3840 
Single disk drives 30 280 8400 0 8400 
Printers 6 400 2400 0 2400 
Math courseware 6 800 4800 800 5600 
Reading & LA course- 6 800 4800 800 5600 
ware 
Management course- N/A N/A N/A 0 0 
ware 
Blank Disk 500 2 1000 500 1500 
6 feet tables 6 60 360 0 360 
8 feet tables 6 60 360 0 360 
Chairs 24 15 360 0 360 
Ele~trical work N/A 500 500 0 500 
In-service 7 200 1400 1000 2400 
Disk Replacements N/A 300 300 900 1200 
Maintenance 24 75 1800 7200 9000 
Disk Storage 54 N/A 372 372 744 
Space and Utilities N/A N/A N/A 0 0 
Paper and Ribbon N/A N/A 124 496 620 
Insurance N/A 200 200 800 1000 
TOTAL $46736 ~12868 $59604 

Item - O~t ion al L_ CostLUnit Total Additiontl Cost Cost 
Total 

Micro Backups 2 655 1310 0 1310 
Monitor Backups 2 160 320 0 320 
Print ers Backups 1 400 400 0 400 
6 feet tables 1 60 60 0 60 
8 feet tables 1 60 60 0 60 
Che ir s 2 15 30 0 30 
Power Surge 7 60 420 0 420 
Single unit switches 14 20 280 0 280 
TOTAL $2880 $ 0 $2880 

-59-



Program type: 
# Students: 

CMI-CAI Apple Ile Corvus Network Classroom or LBb 
1200 over 5 years # Teachers Involved: _lQ_ 

Cost/5yrs/Student: $80340/1200 = $67 

Microco■puters 24 
Monitors 24 
Single disk drives 6 
Printers 6 
Math courseware N/A 
Reading & LA N/A 
courseware 
Management course- N/A 
ware 
6 feet tables 
8 feet tables 
Chairs 
Electrical work 
In-service 
Maintenance 
Space and Ut il. 
Hard Disk 
Disk Server 
Network 
Video Backup 
Paper and Ribbon 
Insurance 
TOTAL 

Item - Optional 

Micro Backups 
Monitor Backups 
Printers Backups 
6 feet tables 
8 feet tables 
Chairs 
Power Surge 
Single unit switch 
Aide 
TOTAL 

6 
6 

24 
N/A 

7 
N/A 
N/A 

1 
1 

24 
1 

N/A 
N/A 

2 
2 
1 
1 
1 
2 
7 

14 
1 

Cost/Unit 

$ 655 
160 
280 
400 

3000 
5500 

2500 

60 
60 
15 

1300 
200 

4000 
N/A 

4000 
900 
450 
600 
N/A 
400 

Cost/Unit 

655 
160 
400 

60 
60 
15 
60 
20 

8000/yr 
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Total 

$15720 
3840 
1680 
2400 
3000 
5500 

2500 

360 
360 
360 

1300 
1400 
4000 

N/A 
4000 

900 
10800 

600 
124 
400 

$59244 

Total 

1310 
320 
400 

60 
60 
30 

420 
280 

8000 
$10880 

Year 2-5 
Additional Cost 

0 
0 
0 
0 

1000 
1000 

0 

0 
0 
0 
0 

1000 
16000 

0 
0 
0 
0 
0 

496 
1600 

$21096 

Additional Cost 

0 
0 
0 
0 
0 
0 
0 
0 

32000 
$32000 

Five-year 
Cost 
Total 

$15720 
3840 
1680 
2400 
4000 
6500 

2500 

360 
360 
360 

13 00 
2400 

20000 
0 

4000 
900 

10800 
600 
620 

2000 
$80340 

Cost 
Total 
1310 

320 
400 

60 
60 
30 

420 
280 

40000 
42880 



I 
I 
I 

Program type: 
# Students: 
Cost/5yrs/Student: 

Commodore 4032 
Microcomputers 
MSD SD-2 Dual 
Disk Drives 
Commodore 4023 
Printer 
Management course­
were 
6 feet tables 
8 feet tables 
Chairs 
Electrical work 
Power Surge 
Single unit 
switches 
In-service 
Disk Replacements 
Maintenance 
Disk Storage 
Mupet System 
Paper & Ribbon 
Insurance 
TOTAL 

ESTIMATED SYSTEM COST OVER FIVE YEARS 
1984-89 

C-AIM 
1440 over 5 years 
$10281/1440=$7 

# Cost/Unit 

6 $560 

1 

1 

N/A 
3 
1 
8 

N/A 
2 

4 
N/A 
N/A 
N/A 

4 
6 

N/A 
N/A 

695 

326 

150 
60 
60 
15 

500 
60 

20 
N/A 
N/A 
N/A 

4 
N/A 
N/A 
N/A 

Total 

$3300 

695 

325 

150 
180 

60 
120 
500 
120 

80 
675 
N/A 
N/A 

16 
1300 

124 
200 

$ 7905 

# Teachers Involved: _11__ 

Year 2-5 
Additional Cost 

Five-year 
Cost 
Total 

0 

0 

0 

0 
0 
0 
0 
0 
0 

0 
500 

40 
600 

0 
0 

496 
800 

$ 2556 

$3300 

695 

325 

150 
180 

60 
120 
500 
120 

80 
1175 

40 
600 

16 
1300 

620 
1000 

$ 10281 

~ Appendix L includes systems which are comparable to those installed 
1n IMPAC schools and reflects initial and long term cost. Recent price 
c hanges in microcomputer equipment could cause the totals to be adjusted 
down by at most 10%. It should be noted that although microcomputer 
sys tems may have decreased in price, most of the other items have either 
remained the same or increased in price. Projected decreases in the cost 
of educational microcomputer systems for each of the next four (4) years 
is 6%. 

You should make a comparison of the Commodore 64 and Apple Ile system 
prices with IBM-PC, IBM-PCjr and Radio Shack microcomputers. Be sure you 
include all items and verify the appropriateness of the courseware when 
you make a comparision. 
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COURSEWARE USED IN IMPAC PROGRAMS 

The following list of courseware is provided because it defines the 
courseware selected for use in the IMPAC programs . There are other 
coursewere packages that may be just as effective. Recom■ended 
Instructional Courseware, developed by the IMPAC staff, has been mailed to 
each school superintendent in Arkansas. An additional c opy may be 
requested from the IMPAC office if needed. 

Title 
Elementary Meth Classroom Learning 
SRA Meth Levels B,C, & D 
Processing Power 
Cloze-Plus 
Reedware 
San Diego Basic Skills in Math 
Math Strategies 
Adding Fractions 
1-2-3 Digit Multiplicati on 
Multiplying Fractions 
Long Division 
Fast Facts 
Capitalization 
Mastery of Parts of Speech 
Skillcorp Reading 
Mathwere 
Fundamentals of Math 
Pet Professor 
Diascriptive Reading 
Public Domain Math 
Public Domain Language Arts 
Prime Number & Frectors 
Fraction Concepts 
Fraction Operations 
Money 
Measurement 
Decimals 
Basic Grammar One 
Basic Grammar Two 
Re f e r ence Skills 
Micrograms Language Arts 
Micro - Ed Language Arts 

Company 
Sterling Swift 
Science Research Assoc. 
I/CT Inst. Comm. Tech. 
I/CT Inst. Comm. Tech. 
Essertier Software, Corp 
San Diego School Dist. 
Science Research Assoc. 
Microco■puter Workshop 
Microcomputer Workshop 
Microcomputer Workshop 
Microcomputer Workshop 
EDU SOFT 
Hartley Courseware 
Society for Visual Ed. 
Skillcorp Software Co~p. 
Bssertier Software Corp. 
Sterling Swift Pub. 
Cow Bay Computing 
Educational Activities 
IMPAC 
IMPAC 
Micro Ed., Inc. 
Micro Ed., Inc. 
Micro Ed., Inc. 
Micro Ed., Inc . 
Micro Ed., Inc . 
Micro Ed., Inc. 
Micro Ed., Inc. 
Micro Ed., Inc. 
Micro Ed., Inc. 
Micrograms, Inc. 
Micro Ed., Inc. 
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Microcomputer 
Apple Ile 
Apple Il e. 
Apple Ile 
Apple Ile 
Apple Ile 
Apple Ile 
Apple Ile 
Apple Ile 
Apple Ile 
Apple Ile 
Apple Ile 
Apple Ile 
Apple Ile 
Apple Ile 
Apple Ile 
Apple Ile 
Commodore 64 
Commodore 64 
Coamodore 64 
Commodore 64 
Commodore 64 
Commodore 64 
Commodore 64 
Commodore 64 
Commodore 64 
Com odore 64 
Commodore 64 
Commodore 64 
Commodore 64 
Commodore 64 
Commodore 64 
Commodore 64 
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TERMINOLOGY 

1. Backup copy - A duplicate copy

2. Byte - Represents one character such as a letter and is usually 8
bits in length 

3. CAI - Computer-Assisted Instruction 

4. C-AIM - A basic skills testing program with management features,
Computer-Assisted Instruction Management 

5. CMI - Computer-Managed Instruction

6. CMI-CAI - Computer-Managed Instruction with Computer-Assisted
Instruction 

7. Computer - Any device with a self-contained memory which can receive
information, process it, store it and follow instructions 
to manipulate that information 

8. Courseware - The computer programs together with the teacher
materials, workbooks and guides 

9. CPU - Central Processing Unit-- The part of a computer which controls
the operation of other parts of the computer 

10. CRT - Cathode Ray Tube-- The display part of a television, monitor,
or video terminal 

ll. Cursor - A movable spot on the CRT screen. Shows the programmer or 
operator where the pointer is located 

12. Debug - Locating and eliminating errors

13. Disk - A device that looks like a phonograph record on which large
amounts of data may be stored 

14. Documentation - A written description of a computer program. It 
allows one to understand the purpose and logic of a 
program 

15. Drill and Practice - A type of computer program which acts as a
drillmaster by providing repetitive practice on 
some basic skill or set of facts 

16. Educational Game - A type of computer program with an instructional
purpose presented in a game format 

17. Execute - To run a computer program

18. Hardware - Any physical part of a computer or computer related
equipment 
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19. Hard-copy - Output printed on paper 

20. Hard disk - A disk that usually holds the equivalent of numerous 
floppy disks of information 

21 . K - A unit of measurement for memory size in computers. One K is 
1024 bytes 

22. Me•ory - The portion of a computer in which data is stored 

23. Network - Two or more microcomputers connected together by a trunk ­
line to a disk drive and printer 

24. Noise - Induced voltage that is irregular and distorts the 
electrical current. This causes problems with the 
proper operation of microcompu ters and networks 

25. Objectives - The results to be achieved by using the program and 
materials as outlined 

26. Printer - A device that mP.?t~s hard copies of computer output 

27. Program - A list of instructions given to the compu t er in a language 
it can understand, telling it to perform a specif i c task 

28. Pr ogrammer - A person who translates problem solution steps into 
computer programs 

29. RAM - Random Access Memory- memory available to user 

30. ROM - Read Only Memory- memory built into the computer by the 
manufacture r . This memory cannot be changed 

31. RUN - A command te lling the computer to execute the program 

32. Simulation - A type of computer program which recreates a real-world 
si t uation for examination 

33. Software - Refers to computer programs whi~h instruct the computer 
how to operate 

34 . Syntax error - A computer response to a mistake in the way a command 
is given or spelled 

35. Trunkline - The line in a network that connec ts the compu ters 
together with a hard disk drive and printer 

36. Tutorial - A type of computer program which provides new information 
as well as repetitive drill and practice in the te aching 
of a basic skill or set of facts 

-64-



BIBLIOGRAPHY 

Bracy, Gerald W., "What the Research Shows," Electronic Learning. Nov/Dec 
1982, pp. 51-54 

Burns, Patricia K., "What Quantitative Systhesis of Research Findings 
Relative to the Pedagogical Effectiveness of Computer- assisted 
Mathematics Instruction in Elementary and Secondary Schools." Ph . D. 
diss., University of Iowa, 1981. Dissertation Abstracts 
International 42A ( January 1982): 2946. 

Ehly, Stewar t W. and Stephen C. Larsen. 1980. Peer Tutoring 
for Individualized Instruction (Boston: Allyn and Bacon). 

Glass, Gene V. 1984 . "A Meta-Analysis of Effectiveness of Four 
Educational Interven tions." IFG Project Paper (Stanford, CA.: 
Institut e for Research on Educational Finance and Governance, 
Stanford Unive rs ity). 

Heuston, Dustin H., Computers in Elementary an d Secondary Education, WICAT 
Education Institute , Orem, Utah, April 1983 

Heuston, Dustin H., An Analysis of Some of the Limits of the Personal 
Computer Net works for Eductional Usage, WICAT Education Institute, 
Orem, Utah, September 1984 

Johnston, J. Howard, "What Research says to the Practitioner about 
Computer-Assisted instruction", Middle School Journal, May 1983 
(review of 18 research reports) 

Karweit, Nancy 1983. "Time on Task: A Research Review,~ Report No. 332 
Baltimore, MD.: Center for Social Organization of Schools, The Johns 

Hopkins University). 

Levin, Henry M, 1983. Cost-Effectiveness: A Prim~r (Beverly Hills, CA.: 
Sage Publications) . 

Levin, Henry M. and Louis Woo, 1981. "An Evaluation of the Costs of 
Computer-Assisted Instruction," Economi c s of Education Review, Vol. 
1, No. 1 (Winter), pp. 1-26. 

Levin, Henry M., tl al . 1984. Cost - Effectiveness of Four Educational 
Interventions. (Washington, DC.: National Institute of Education) . 

Marsh, Merle, "Computer-Assisted Instruction in Reading", Journal of 
Reading, Volume 26, No. 8, May 1983 (review of 25 research reports) 

-65- I 

s 

I : 

h 

e 

0 








	Scan2022-08-23_172315.pdf
	blu
	pink
	yel

