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ABSTRACT

The Educatlional Effectiveness 0f Mathematics
Computer Software for the Blind And Partially Sighted

Lynn Manconl-Menendez

The purpose of thls study was to conduct a serles of
summative evaluations of mathematics computer software
designed for the blind. The evaluations are based on
expliclitly stated criteria of educational values and
fleld-testing. At present, most mathematics software
developed for the blind Is limited in quallty and
educational effectiveness. The major problem is that the
software |Is not belng fleld-tested before its distribution.
The study begins with a review of 33 mathematics software
programs designed for the blind based on a checklist
incorporating the blind user’s special needs. A grid
analysis was conducted In order to rank the software
according to three different categories: good, falr and
poor. Three programs were chosen, one from each category,
and tested In a fleld study to assess their sultablliity and
educational effectiveness with six visually handicapped
subjects. The study suggests that most mathematlics software
Ils nelther effective nor appropriate for the blind or
partlially sighted audience. Guidellnes are offered for
instructlional designers and manufacturers to follow in

remedying this situation.
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CHAPTER 1 §

Evaluation Approaches

PURPOSE OF THE THESIS

This thesis aims to apply summative evaluation methods
in the testing of learners’ responses to educatlional
software. Summative evaluatlon iIs utilized after an
innovation has been developed and Its procedures deilned.
Data are then gathered to assess the innovation’s efiects on
the target population. The data serve as input for decision

making by the developer (Scriven, 1967).

Katz and Morgan (1974) suggest that it |s quite
feasible that many materials which have falled summatively
might have succeeded |f information from formative
evaluation had been avajilable during program development.
Formative evaluation Is a process by which data are
collected concerning the effectiveness of a product durlng
its development. The purpose of such an approach s to
gulde revislons which wili improve the product prior to its
final production (Patterson & Bloch, 1987). According to
Dick (1980) there Is a lack of research on formatlve
evaluation, and even less research has been conducted on the
formative evaluation of computer-assisted Instruction (CAIl).
Baker and Alkin (1973) suggest that publlshers who employ

formative evaluation In the development of thelr products
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have found that thls approach is an effective way to detect
and correct weaknesses in the 1 :“erials. Baker and Alkin’s
findings suggest that the use of formative evaluation by
software developers might Increase the quallity of software

being produced.

Baggaley (1987) has stressed that summative avatuatlion
data may be used within a research design, for formative
purpogses. This perspective Is consistent with the views of
Edwards (1974) who distingulshes between research and

evaluation on the basis of thelr objectlives.

Research and evaluation arv different both In terms of
thelr obJectives and their relation to change.

Research may be conducted for the purpose of testing
theory, expanding concepts, or explaining behavior.
Eviluation on the other hand, Is carried cut to provide
information for decision making. While research |is
almed at increasing knowledge, evaluation Is almed at
achleving a practical goal with an emphasis on
utlility. Thus, whlie evaluation may employ research
knowiedge and research methodology, It s not

research. (Edwards, 1974, p.378).

A summative evaluation, according to Russel and Blake
(1988), 1s able to "determine the effectiveness, efficlency,
value or worth of the materials* (p.25). In order to

achlieve these results, several stages are necessary.



The subjects should be pretested to determine their
entry skills., Also, the instructional materlials which will
be reviewed should be intact and used as they would be used
under actual Instructional conditions. A post-test should
be administered after the instruction has taken place.
Attitudinal measures and questionnalres may be used to
verify the subjects’ affective behaviors (Russel & Blake,

1988)>.

In analysis, the difference between the subjects’
pretest and postest scores may be calculated in order to
determine whether any learning or attilude change has ‘“aken
place. The assumption Is that 1f learning did not occur for
the majority of the subjects, then It |s the fault of the

materials (Bloom, Hastings, ana Maudaus, 1971).

As Carey (1980) points out, "Summatlive comparisons among
compet ing programs require careful experimental controls to
ensure program falrness and the validity of concluslions.*”
(p.18>. In the attempt to ensure predictive valldity the
materials must be presented In their final form and the
subjects should be representative of the intended target
poralation. To avold experlmenter blas, the individual who
will be conducting the summative evaluations should not be
one of the developers of the scftware (Russel & Blake,

1988).

As suggested by Fitz-Gibbon and Morris (1975),

formative research can address the greatest llmitation in
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formative evaluation: the dilemma of what to do after a
problem has been detected iIn instruction. Often, designers
do not know what changes are necessary when gliven advice
from evaluators to ‘revise appropriately’. In most cases,
the manufacturers have used thelr experts’ best knowledge to
produce the product, and It may not be apparent to them what
needs to be revised. A theory-based approach could direct
the data collectlion and interpretation of results, and make
it more feasible for the software developers to determine
the aspects of the software program which have falled In

terms of Instruction effliciency.

In today’s market, software !s beling produced at an
astonishing rate, but many studies reveal Increasing
dissatisfaction with lts educational quality (Lewls,
Harrison, Lynch & Saba, 1988; Naiman, 1987; Owston, 1987;
and Jay, 1983). Naiman (1987) goes so far as to say that,
"Good software |s expensive to make, s rarely produced on
schedule, ls never completely debugged before it goes to

market, and represents an Investment risk" (p.198).

Thus, low quality may be attributed to economlic
reasons. Naliman suggests that most textbook publishers are
reluc’.ant to publish software. They have developed only
minimal amounts of courseware so that they may continue to

profit from selling textbooks.

Ploch (1986) arrives at a similar conclusion, stressing

that publishers feel insecure about the future of the



software market and hesitate to invest In It, especlally In

view of the widespread problem of software plracy.

The development and production of software for the
handlcapped is notoriousliy siow and expensive. Often to
stay in business, software producers must concentrate on
marketing software which will sell widely (Sturdivant,
1984>. However, little quality software for the disabled |s

being produced.

Much of the computer software |s designed as it |s
marketed. Many manufacturers of aids for the disabled
are among the worst offenders In this respect. For
some companies, the difference between research and
development, and production and marketing ls apparently

obliterated. (Laurer & Mowinski, 1986, p.911).

Providing access to standard software programs for
individuals who cannot ’“see’ the monltor ls partlicularly
difficult. In many cases, the more powerful standard
software takes complete control of the computer when it is
loaded. Therefore, with limited DOS, the program does not
support attachment of brallle, synthetlc speech or other
peripheral devices intended to provide access to the
visuaily Impaired. In addition, the standard programs
themselves are often ‘locked’ and the source code |s
unavallable, making any direct modification of the programs

impossible <(Young, 1984).



i
;A‘
s
1
)
o
2
E

Conventional programs are designed for Individuals who
can see the screen. The screen presents information to the
user in a ‘parallel! format’ which implles that the
information on the entire page |s presented to the user all
at once. Blind users who are utilizing a voice synthesizer
to ‘see’ the screen, hear oniy a single word or a character
at a time (Goodrich, 1984). For sighted users this would be
llke looklng at the screen through a straw, and struggllng
to read and make sense of the words. Eventually, the
sighted users wouid be able to decipher the messages on the
screen. However, the organizatlion and presentation of the

Iinformation would be far from optimal.

Needless to say, programs written specifically for use
by the blind should follow different strategles for
organizing and presenting material to iIts users (Schreler,
DeWitt, Goldberg & Leventhal, 1987>. The present thesis
utillizes a research approach to summative evaluation in
order to assess |f avallable software for the blind |s
appropriately designed for thils group’s instructional nezds.
It attempts to generate guidelines for future software
developers, and to quallfy as “formative research’
consistent with the definition of Baggaley (1987). The
st:dvy excludes programs which permit access to the blind
user as a secondary consideration. Rather, the author ls
Interested in finding out |f developers are using
appropriate strategies In programs which they clalm to have

designed for the blind speclifically.



THE ISSUE OF FIELD-TESTING

The design of field-testing procedures is cruclal to
the success of software evaluation. Fleld-testing methods
can determine the user response and reaction, and whether
the product achleves any student learning or signliflcant

change in behavior (Truett,1984).

As the llterature indicates (Owston, 1987; Patterson &
Bloch, 1987; Steffin, 1983) most reviews on CAI are
summat lve evaluations with llttle or no prior-testing .
According to Dick €(1980), "at least one revision of
instructional materials results In signiflicantly improved
learning over no revision at all... revislions based on
knowledge of student data are better than revislions based on

the subject matter expertise of the content writers* (p.5).

Dlick (1?77) proposes three stages to the formative
evaluation of Instructlional materlialis: one-to-one
evaluations (with one to three learners); small group
evaluations (five to flfteen learners); and field-tests
(twenty or more learners). Golas (1983) sees the following
maln advantages of fleld-testing a large number of learners:
defining managerial problems anc the need for additional
resources. However, Golas goes on to polnt out that
conducting a full-scale test of CAI ls probably not a
necessity, for the cost and amount of time needed by such an
evaluation can outweligh the value of the informatlon

collected.
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Weston (1986) is critical of Golas’ apprcach and
questions the validity of revisione based on data from Just
a few students., Several authors (Jay, 1983: Truett & Ho,
1986; Dick, 1980) agree with Weston that a sample of twenty
or more students |s essentlal for field-testing of computer

software.

Golas (1983) points out that conditions exist in CAl
testing that would not be present in the testing of print
materials. The greatest distinction between evaluation of
print materials and CAI revolves around the hardware aspects
of the computer. This includes both the input device
(keyboard, mouse, touch panel, etc.), and the output device
(volice synthesizer, monltor, printer, etc.). With printed
materials there s no hardware aspect except for "hands-on"
tralining where materials are used conjointly with a specific

type 0f hardware.

Briggs and Wager (1981) note that hardware and software
malfunctions can result In a postponement of the evaluatlon
trial, and can lead the learners to become frustrated and
bored If it becomes impossible for them to recapture thelr

place when operation resumes.

Another problem arises from the learners having very
little or no computer experlience. The target audlence for
whom the instruction ls beling developed may not be familliar
with the medium or may experlence dlifficulty in

understanding the text, e.g., via the volce syntheslzer.



According to Goodrich, Bennett, Paul & Asley (1980), most
voice synthesizers require that the user spend about one to

two hours practice to understand the speech.

Golas (1983) suggests a formatlive evaluation approach
which |s similar to the three stages proposed by Dick
(1977), vet geared specifically to encounter the
difficulties found iIn CAI. Golas’ proposal beyins with
one-to-one evaluations with one student and handwritten
frames. Once the revisions from the trlal has been made,
the actual programming is implemented. Thlis method reduces
the excesslive costs of reprogramming. Golas then recommends
that the program be evaluated wlith one student at the
computer terminal. Afterwards, a small-group evaluation
with three students at the computer terminal is conducted,
since hardware constraints preciude a larger number at any

one time.

In Truett’s (1984) survey of 56 educational software
producers and publ ishers, 31 companies reported
"field-testing” all of thelr software. Truett’s findings
revealed that most of the field-testing that does take place
ls generally teacher evaluation, rather than based upon an
assessment of student performance. Truett also lndicates
that most commercial publlishers do not employ a formatlve
evaluaticn approach, nor conduct extensive summative fleld
studlies. The CAI software business is stlil In its [nfancy,

and the cost of such studies is high. Truett adds that,

.



* ,..many producers are not even convinced that such efforts

enhance marketability of their software" (1984, p.12).

Truett’s study was replicated In 1986 by Truett and Ho,
revealing once again that many producers place a low vajue
on fleld-testing thelr products. Out of 125 software
producers and publishers, only 83 conducted fleld-tests.
Truett and Ho’s findings also showed that fewer than six
teachers were involved In these fleld-tests, that they
involved fewer than fifty chlidren from a narrow range of

local schools.

Truett and Ho recommend that pre and posttest scores of
student achlevement should be included In educatlonal
software documentatlion to assess whether a change in student
achlevement has occurred as a result of using a particular
program. Inevitably, "student achlevement Is still the
bottom line In educational evaluation and accountabillty”
(Truett & Ho, 1986, p.25). Throughout the |lterature on
software evaluation, the most popular approach is to use a
summative evaluation based upon teachers’ reviews rather
than on results obtalned from fleld-testing students worklng
with the software (Lewis, Harrison, Lynch & Saba, 19883
Owston & Wideman, 1987; Allan, 1984).

The Natlonal Counclil of Teachers of Mathematlcs (1985)
recommends that only two or three students be observed using
a program, with the emphasis of the results being based upon

the teacher’s evaluatlion of the software program,

10



Owston and Wideman (1987) provide an alternative viewpoint
suggesting that, ®“Educators may have the expertlise to assess
the quallty of a program’s content and instructional design,
but it seems unreasonable to assume that they will be able
to Judge with any preclision how students will respond to

It." (p.296).

Several authors’ (Signer, 1983; Preece and Jones, 1985)
findings support Owston‘s and Wideman regarding the
credibilility of teachers’ opinions concerning software
evaluation. Signer (1983) found that students were more
critical of a software’s pacing, Instructlional and
motivational value than thelr teachers were. Preece and
Jones (1985) found that even teachers knowledgeable In the
fleld of computers were often uncritical of the software

they evaluated.

Weston (1987) suggests that a combination of experts
anc learners be involved in the evaluation of software due
to the different types of feedback each can provide, But
what de‘lnes an expert? Stelnberg (1983) insists that
persons who have taught the target population are the oncs
best qualifled to Judge the suitabillty of courseware for
that group. Steinberg goes on to say that content experts
are not necessarlly famlllar with the target population’s
needs, and that an Instructor who Is conscious of the
gspeclflic attributes of his/her handicapped students may be

in a better position than ‘subject experts’ to Justify the

11



relative importance of the software’s instructional

characteristics (p.18).

Baker and Alkin (1973) suggest that revisions based on
knowledge of atudent data are better than revisions based on
the subject matter expertise of the content writers. A
study conducted by Hannaford and Taber (1982) on computers
and the handlcapped, emphasized that many handicapped
younga3ters tend to have a low self-esteem. Hannaford and
Taber point out that a teacher of the handlicapped may be
more aware of the use of sarcasm or abraslve feedback In
software (e.g. "No! Wrong again, silly!">). This feedback
may be counterproductlive for handicapped students who may be

deeply offended.

A DEVELOPMENTAL TEAM APPROACH

Much of the software designed for the handicapped is
not educationally effective due to the programmers’ lack of
knowledge about educatlional principles and the speciflc
needs of the handicapped (Taber, 1983). Brandon (1988)
acknowledges the difficulties which hinders the production
of high quality instructional software. He adds that
software development requires many skills and designers are
expected to be good programmers and Instructional designers

as well as experts in the subject matter.

12



Several authors have indlcated; <¥oston, 1986; Smith &
Boyce, 1984; Walker & Heas, *794) that a developmental team
consisting of a subject mat::c expert, an instructlonal
designer and a programmer can be valuable in the development
Of courseware. This team approach could provide the

necessary expertise and avold an over-emphasis on one
person’s errors or biases. The subject matter expert |s
able to contribute knowledge of the content and also to

of fer knowledge of the learners’ attributes (Weston, 1986).
An instructlional designer can guide the development by
providing a systematic plan for the instruction by applying
principles of learning throughout the process (Romlszowskl,
1981>. Finally, the programmer’s role would be to describe
the capabilities of the computer; and to Implement the
subject matter expert’s and Instructional designer’s ldeas

Into the program ()nith & Boyce, 1984).

When software |s developed by an lndividual rather than
a team, the individual may not have an adequate background
to contend with all the variables involved iIn courseware
design. A team approach appears to be more advantageous
when a systematlic planned process is utilized. It is llkely
that this approach can produce far more effectlive and

efficlent Instruction (Gagne & Briggs, 1977).

13
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EVALUATION CRITERIA

The creative possibilities of the computer are endless,
Unfortunately, much of the software currently on the market
appears trivial {n terms of this potential (Brandon, 1988)>.
Technical excellence |s wlidespread today, and therefore any
software which seems anything less than excel lent nwst be
rejected as unacceptable. Efforts are being made in speclal
education to capitalize upon recent haraware and software

advances, and to try to bulld gquality software based upon

sound design principles,

In the subsequent chapters, a serles of important
design principles will be described which are regarded as
cruclal in effective educatlional software. Three distinct
areas exist in the field of courseware evajuation: software
for the blind, Instructional design adequacy and technical

adequacy. A chapter wlll be dedicated to each of these

areas.

14



CHAPTER 2

Software For The Blind

In this chapter factors p»ertinent to the visually
handlcapped will be discussed. This will Include the target
population, the rationale of the medlum and learners’
attributes. Affective criteria will also be considered.
These will include sources of self-esteem for the visually

handicapped, feedback and motlvation.

TARGET POPULATION

The group of people roughly categorized as
‘handicapped’ |s at least as heterogeneous as a
nonhandicapped group. The divergent learning
characteristics of handicapped students require different
procedures depending upon the severity and type of nandlicap

(Cartwright, 1984).

Untl] the 1980‘s 11lttle literature was avallable on the
potentlial cf computer lnstruction with visually impalred
chlildren (Ashcroft & Bourgeols, 1980). The underlylng
assumption of avallable research is that there appears to be
a high degree of motivation on the part of blind and
partially sighted students to use computers (Ruconich,
1984; Vanderhelden, 1982; Lewls, Harrlson, Lynch & Saba,
1988; and Laurer & Mowinski, 1986). However, a recent surge

of Interest in the development of electronic alds for the
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visually impaired has led to Increasing research (Sanford,

1984).

The software programs which will be evaluated in the
current stuay were de.ligned speclflcally for blind and
partially sighted anglophones with normal intelligence who
are in an upper elementary level, whose only access to the

software Is via acsptive hara:are llke a volca synthesizer.

RATIONALE FOR MEDIUM SELECTION

The same type of educational reasearch Is currently
being addressed to CAI as to the earlier educationai medla.
Substantial differences are apparent between medlia. For

example:

(Television) Is mostly a one-way medium of
communication, basically designed for entertainment and
converted (or subverted) to education;...[the computer]
is a multlpurpose, semi-intelligent, Interactive tool*

(Salomon & Gardner, 1986, p.13).

Yet, desplite the differences between technologles,
questions regarcing instructlional effectlveness, optimal
design, cost, users’ attitudes and technliques are valld for
each. When evaluating software, instructlional
characteristics are often the most important attributes to
verlfy according to Lathrop and others (Lathrop & Goodson,

1983; Stelnberg, 1983; Bltter & Wighton,1$87; Owston, 1987).

16



Other authors assert (Coopersmith, 1967; Maslow, 1970
Rogers, 19513 Kirtley, 1975; Tuttle,1987) the affectlve
components of software appear to be equally Important,
especially for handicapped students. Does one medium teach
better than another? It is nalve to assume that any one
medium can affect learning In Isolation, and more profitable
to assume that learnling occurs because of some speclal
attribute or quality which ls assoclated with each speclfic

medium (Salomon 8 Gardner, 1986).

Is the computer a sultable medium for all leacrning
outcomes? For speclfic outcomes such as knowledge and
comprehension the computer appears feasible as a medium for
instruction. In situatlions where the computer is required
to make a Judgement about the learner’s lnput, Smith and

Boyce (1984) recommend,

.. .the computer would not be the appropriate
instructional medium as its Judging capabliitlies would
be Inadequate,... {Evaluationl] would be better done by
a live teacher. Other learning outcomes including motor
skills acquisition and attltude formation would also be
unlikely candidates for CAI dellivery (Smith & Boyce,
1984, p.5-6)>.

Romiszowsk] (1981) suggests a multi-level design
process for selecting an appropriate medium for Instruction.

His analysls for the starting point of the media selection

17



process |ists the following main objectives which should be

easily implemented by the chosen medium.

The media that we use for Instruction must be capable
of transmitting all the information, supplying all the
Instructional stimul!l which the lesson content
requires, and, second, the media should also help the
learner to engage In the approprlate learning

activities (Romiszowsk!, 1981, p.340).

Since the presentation and Judgement capabilities of
the computer are limited, a selectlon decislion should
precede the detalled speciflcation of objectives and thelr
related test items (Smith & Boyce, 1984). CAl, when
properly applled, offers an Invaluable additlon to
traditional learnlng tools, both for handicapped and
nonhandicapped students. CAI |s able to provide
non-threatening, individualized Instruction which allows
students to proceed at their own rate of speed through
sequential steps. It alsc has the potential to extend the
teacher’s expertise in defined subjJect areas (The Trace
Research and Development Center For The Severely

Communlicatively Handicapped, 1982).

Rather than assume that the computer can control or
direct the learners’ performance, research suggests that
individuals are llkely to Influence how the technology will
affect them (Salomon & Gardner, 1986). Walker and Hess

(1984) encourage evaluators to go beyond the assessment of
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direct student outcomes and to review some of the more
subtle impacts which may influence students’ behavior when
using a computer. Walker and Hess propose the followlng
questions to include in an evaluation of learners’ attjtudes

towards computer software.

Does the program make the learners want to use
computers more or avold them? Do users leave the
program feeling confident of their abllity to use
computers or are they Intimidated by them? Is their
sel f-esteem enhanced or degraded? (Walker & Hess, 1984,

p.213)

Such questions may prove difficult to answer because
the effects sought are not directly observable. Also, the
effects may be produced by a comblnation of other factors
apart from the program belng reviewed. Walker and Hess urge
the inclusion of learners’ attitudes towards coursewvare as

an essential criterion for a thorough evaluatlion.

LEARNERS’ ATTRIBUTES

wWhen evaluating courseware, the evaluator should obtain
some information regarding the target audlence’s computer
sophistication, e.g. famillarlty with the keyboard as well
as their level of apprehension about computers (Smith &

Boyce, 1984)., Lelker (1982) stresses the importance of
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acknowledging the diversity of user characteristics and

learning in CAI.

All users are subject to boredom, frustration,
apprehension, forgetting and errors. Learning Is also
an important consideration, any given system action
might produce various effects depending on the
experience and training of the user. For example, the
same response time might produce apprehension or
boredom, depending on the user and his level of

experlence. (Leiker, 1982, p.1)

Schnelidermann (1980) describes two aspects of user
characteristics which are important to consider when
evajuating CAI. A user’s attitude toward a computer can
affect his or her performance and learning (Schnelderman,
1978>. Experimental research shows that users who felt at
ease and dlsplayed confldence when using a system, committed
fewer errors and took less time than the users who did not

feel confldent (Dickson, Senn & Chervany, 1977).

Anxlety regarding CAIl is another factor which may
affect a user’s performance. Schneldermann (1980) dliscusses
a number of such fears. These include apprehensiveness
regarding response times which are either too long or too
short, the fear of losing a file or damaging the hardware,
and the fear of beling supervised and making errors. The
extent to which these tensions are manifested depends on the

indlviduallty of the user and the amount of computer
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experience. Such fears can reduce the users’ short-term

memory capacity (Schneldermann, 1979).

Krolick (1984) suggests that the anxiety of using a
computer can be reduced for persons with a visual handicap
if they are glven the opportunity to feel the computer and

discover as much as possible about the machine beforehand.

Salo..on and Gardner (1986) recommend that researchers
should focus on how the unique qualities of Instructlonal
sof tware might be adapted to various learning styles.
Currently, for blind users the software which iIs avallable
restricts Individual learning styles. Much of the adapted
software organizes and presents iInformation as unadapted
sof tware does (Goodrich, 1984). It Is not likely there will

be much improvement In this respect (Vanderhelden, 1982).

SOURCES OF SELF-ESTEEM FOR THE VISUALLY HANDICAPPED

In order to fully understand a visually handicapped
person’s sources of self-esteem, the flrst step iIs to
examine the impact a physical impalirment can have on the
self. One must first understand that visually impalired
persons are not necessarlly abnormal, maladaptive or in need
of long-term therapeutic counselling. Visually handicapped
persons are usually normal people who are responding to
l1lfe’s demands with the added stress of a physical

impalrment (Tuttle, 1987).
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Maslow (1970) advocates that people strive for personal
adequacy, a unlversal basic need, by engagling In
self-enhancement activities. A person’s abillty to cope
successfully with 1lfe’s demands depends on his/her personal
adequacy. Personal worth is not optlional; It Is mandatory
for the emerglng seif-concept. Coopersmith (1967) defines
self-esteem as the affective component of self-concept. A
rerson’s self-esteem can influence how the individual will
view his/her soclal and physical environment. "A healthy
self-esteem results from valuelng the self and belng valued

by others* (Coopersmith, 1967, p.54).

Rogers (1951) agrees with this theory and includes
sel f-acceptance as an integral part of self-esteem. A
person’s attitudes towards him or herself determines his/her
attitudes towards others. An individual must first
experience a measure of self-love and self-acceptance before
he or she |s able to love and accept others. Acceptance of
others depends upon a person‘s self-acceptance and his/her
ability to Interrelate with others. Therefore, self-esteem,
sel f-acceptance and acceptance by others are all

inextricably Intertwined (Rogers, 1951).

Both Coopersmith (1967) and Rogers (1951) contend that
self-esteem is Influenced by two factors: reflection from
others and Jjudgements of one’s own competence. “Handlcapped
individuals experience a wider range of predominantly

negative reflections, which results iIn lowered sel f-esteem"
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(Kirtley, 1975, p.42). Tuttle (1987) emphasizes that the
blind students’ self-concepts are particularly Influenced by
significant others’ expectations, Jjudgements, standards and
values. These expectatlions are rarely congruent with the

visually handicapped students’ aspirations for themselves.

In the llght of this discussion on self-esteem, four
major problems arlise which blind persons must face when
using computers. Flrst, In order to feel competent and
adequate, blind persons must develop good copling skills and
adaptive behaviors. For Instance, blind students need to be
able to understand the volce synthesizer since It Is the
medium used for accessing Information on the screen

(Goodrich, Bennett, Paul & Wiley, 1980).

Secondly, the students must deal with the task of
maintaining a sense of high self-esteem in the face of
predomlinantly negatlive reflections. Due to the rapld
development In the fleld of microcomputer technology,
visually handlicapped individuals’ efforts to acquire and
have access to computer programs often prove to be futlle.
The programs /hich they have learned are frequently outdated
(Young,1984>. Status |s often based on knowing the ‘latest
thing’ which of course, has not yet been adapted for blind

persons’ needs.

The third problem rests on blind people’s ablillity to
maintain control over situations. Visually impaired

computer users must know much more about computers and
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computer alds than most of their sighted counterparts since
they have fewer resources on which to depend (Goodrlich,
1984). The fourth problem has to do with thelr dependence
on others who can ‘see’ the screen. (Laurer & Mowlinskl,

1986, p.911).

FEEDBACK AND MOTIVATION

The Counci! of Ministers (1985) describes effectlive
feedback as follows: "Feedback should be motivational and
sensitive to the users’ needs, negative feedback should not
be more attractive than positive, and the computer should
make use of 1ts capablilities by providing corrective
feedback which shows the steps In the solution or

re-explalins the concept' (1985, p.13).

A critical quality of a software program’s motivational
aspect ls the attractiveness or rewardingness of the content
(Wililams & Willlams, 1985>. Ideally, this should prevall
even when the content becomes difficult. The maturity level
of the students should also be considered, for as students
become more directly Interested In the content of the
material, they require less encouragement. Many software
designers seem to favor feedback statements which to some
users may be inappropriate, even condescending. For
"

instance, hearing "You‘re so smart, I want to marry you!

everytime an older blind user solves a step in a math
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problem may become distracting rather than rewardlng.
Williams and Willjams (1985) suggest "the type and degree of

relnforcement must be selective to the grade level" (p.117).

Jaegar (1988) and Dempsey and Wager <(1988) argue that
careful planning of feedback types and timing in software
programs needs to be of primary interest to developers.
Perhaps students only want to know 1f thelr answer is
correct, and that Is all which is required to relnforce
them. Jaeger recommends that both publishers and purchasers
of software avoid the flashy glitter presented In screen
displays and begin focusing on the "embedded learning
theory, instructional methodology, subject scope and

content® (Jaegar, 1988,p.22).

As will be seen, iIneftsctive feedback appears In most
of the software reviewed in the present study. In one
example, whenever the correct answer is lnput, the program
repeats the question with the answer. However, If the user
inputs an Incorrect answer, It does not repeat the question!
A user may feel motivated to get the answer wrong so that
the question will not be repeated. The author has also
found other examples in which feedback is misused. Many
derogatory comments were found (e.g. "I know you can do
better!"“); unduly time consuming musical tunes; loud
comments such as "NO! NO! NO!"; lnappropriate responses such

as "You‘re A Wizz!" after four attempts; and worst of all,
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graphlc displays of which the blind user is totally

ignorant.

Another problem which arises is that since all the
instruction Is being heard via the volce syntheslzer, often
the feedback distracts other users as well. Therefore the
ability to control feedback is an Important feature for

software designed for the blind.
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CHAPTER 3
Instructional Design Adequacy

This chapter will present Important software design
considerations which are relevant to visually handicapped
and nonhandicapped studen's alike. These considerations
include educational obJjectives, the content range/entry
skills, content sequence, depth, accuracy, blas,
readabllity, design of error messages and general

instructional strategiles.

EDUCATIONAL OBJECTIVES

A common fault of educational software currently on the
market, according to the Council of Ministers (1985), is the
lack of specifically stated educational objectives. The
procedures for writing educational objectives and test items
for CAI are similar to the procedures used ln the
development of other instructional materials. With regard
to CAI, Owston (1987) points out two methods to be followed

when studyling a program’s Instructional obJjectlives,

One method Is to clearly state the program”s objectives
in behavioral terms so that changes iIn student’s behavior
can be measured. For example, iIf the software is designed

to teach a simple skil] such as the addition of two



one-digit numbers, it would be possible to detect changes in
a student’s behavior from the beginning to the end of the
program. However, when faced with a complex set of skills
it becomes difficult to deflne the program’s obJjectives In
behavioral terms. As Owston contends, *other kinds of
valuable learning take place that are not necessarlly

mani fested by changes in student behavior. Such examples
Include changes {n attitudes and the development of complex

cognitlve strategles® (1987, p.7).

The type of question Items used iIn software programs
are somewhat restricted by the judgement capabllitles which
can be programmed into the computer (Smith & Boyce, 1984).
The types of question ltems which are feaslble and in
present use in CAI are as follows: true or false;
multiple-ctolce;: short answer; completion; matching, and

constructed response (Keller, 1987).

In Bloom’s (1956> "Taxonomy of Instructional Objectlves
in the Cognltlve.Domaln“ knowledge Is the simplest of the
learning process. It baslically Involves the recall of
previously learned material. Comprehension goes one step
beyond simply remembering the material. It consists of a
number of actlivitles which Involve understanding: aj
interpreting the materlal; b) translating it Into another

form; c) summarizing It; or d> predicting conseguences.
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Application is a higher process in Bloom’s taxonomy,
requiring a greater level of understunding. It refers to
the abitlty to use learned materlals in new, concrete
situations, as In the application of rules, methods, laws
and theorles. Multiple-cholice, short answer, completion and

matching ltems may use appllicatlion.

Analysis represents an even higher level because |t
requires an understanding of both the content and the
structural format of the material. The learner has to break
down the material into Its component parts so that its
organlizational structure can be understood. This Includes
identifying the parts of the material, as well as
understanding their relatlonship to each other and how they
fit into the organizational structure. Except for the
constructed response, all the other question strategles use

analysis: the learner classifies the answer.

Synthesis Is the learning outcome which stresses
creative behaviors with an emphasis placed on the abllity to
put parts together into a new whole. This may Include the
production of a unique communication, |.e. a speech; a plan
of operation such as a research proposal or the development
of a set of abstract relations. Only constructed responses

enable a learner to use this higher thinking skill.
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Lastly one must consider the learning outcome entitled
evaluation. This level Iis considered by Bloom to be the
highest in the cognitive hierarchy because at this level a
student has to demonstrate all the skills from the other
taxonomic categories, while making a conscious value
Judgement based on clearly deflned criteria. Once again,
only constructed response ltems provide a student with the

capacity to evaluate,.

Most of the math software programs to be evaluated in
the present study use only questions promoting lower

learning outcomes such as knowledge and comprehension.

CONTENT RANGE AND ENTRY SKILLS

Pnor content range is a common weakness of CAI software
packages. In many cases, the programs are atr=mpting to
teach too much material iIn one session. Another #: “Hlem |is
that programs often fall to begin with a review of the
prerequisite skills, and expect the learners to cover
content that may not have been learned (Councll of
Ministers, 1985). For instance, a program may begin with a
multipliication problem using two digit numbers, whlile
falling to ensure that the learners’ entry skills are

adegquate to the task.
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In some of the programs reviewed in this study, the
only allowance for the learners’ entry skill level s that
the learners could choose amongst four different leveis,
ranging from simple to difficult. Other programs were

examined in which this option did not exist at all.

CONTENT SEGUENCE

The purpose of having a content sequence in a program
is to enable that the learners acquire a skill or concept
with maximal ease. The content sequence presents
Informatlion ranging from simple to difficult and concrete to
abstract notions. The Councll of Ministers (1985) have
found through their courseware evaluation that the conient
sequence of many proyrams are poor. Common traits which the
Council found were a lack of sequence and the omission of

important steps followirg a new concept.

An example of a poor sequence |s when students answer
addition questions correctly but the program does not
proceed with more difficult material; Instead it stays at
the same level. Conversely, the ltems may prove to be too
difficult but the program does not respond to the learners’
errors by providing easier problems. JFew of the programs
tested In the present study had such branching capabllities.

Students could not alter the course of a program. Accordling
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to Brancon (1988), these procedures have become standard In
CA]l software during the 19680’s. 1I1f this |s so, why |is
software designed for the blind a decade behind?

DEPTH

Depth refers to the detalled Instruction glven when new
content |s presented (Council of Ministers, 1985). The
instruction might include supplementary explanatlions, rules,
exercises, drills, etc. Often courseware does not provide
the learners with enough depth. The students are presented
with Information on one screen page and required to advance
to the next step without sufficient practice of the new
skill. This Is contrary to conventlional classroom
procedures, which recognize that extended practlice needs to
take place |f the new skill |Is to become conceptualized by

the lndlvidual.

ACCURACY

Usually, one can assume that lnstructlonal materlals
are free of both factual errors and errors in grammar or
spellling. However, this does not appear to be true wlth
much of the early software. It is still necessary to review

carefully the factual content of each program for accuracy.
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Ideally a program with grammatical or spelling errors should

not be used (Lathrop & Goodson, 1983).

BIAS

As with accuracy, software which is free from blases
should be the norm and not the exception. Yet, incidences
of overt or subtle blases have been found In many programs.
Lathrop & Goodson (1983) deflne blas as negatlve comments
regarding sex, religion, age or ethnlc background. Wlith
regard to sex, software’s attributes such as symbols used,
overall presentation and manner of response to input may
unintentionally attract boys more than girls to computers.
Fisher (1984) and Marrapodl (1984) admit that little
research has been conducted in this area, but strongly warn
that subliminal messages of sexism can be detected In
commercial software packages. According to Fisher, soitware
which 1s overiy game-oriented may employ symbols which are
soclally preferred by boys. Marrapodl urges awareness of
the types of relnforcers used In educational software.
Packages which use aggression, spot allusions, or other
traditionally gender- related rewards will probably appeal

more to boys.

The Council of Ministers (1985) cltes another example of

content blas which is predominant in software produced |n
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the Unlited States: the absence of Canadian material. Very
often math software packages dc not employ the metric system
In their content, and, for a Canadian student, this could

prove to be a disadvantage.

Lastly, Rose (1984) states that all software should be
reviewved for equity. This Includes, “the complete or
relative exclusjon of a particular group in the content of
the materlal" (Rose, 1984, p.51). Instructional materials
representing disabled persons In a variety of roles may
Influence how others percelve the disabled and provide a

posltive role model for the handicavped students.

READABILITY

‘ ‘Readabllity’ refers to the text, Its vocabulary level,

sentence structure and amount of text presented on a screen

| page. For sighted students, the main concern is that the

‘ text’s readabllity be at the reading level of the student.
However the manner in which text is displayed on the screen

L may cause certain difficulitles for blind users. Just and

} Carpenter (1980> noted that, unllke sighted readers, biind

! learners dependent upon a volce synthesizer cannot skip over

‘ materlal, or change the presentation rate to match

comprehension, or pause over particular words.

- S Ay TR
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Michaells and Wiggins (1982) recommend solutions to
these problems. They suggest that the amount of text shown
on a screen page should be kept short and simple. To ensure
even better comprehension, instructlons should be glven in

the present tense and require an immediate response.

ERROR MESSAGES

Error messages are often encountered by computer users
and yet the careful design of these messages is usually
overlooked (Mizokawa 8 Levin, 1988). For example, a range
error in one of the math programs reviewed in this study
requires the user to Input alphabetical material in a
multiple choice format. If the user Inputs a numerlical
answer, the program will not accept lt, and provides no
instuction to the user to input a letter Instead. A
built-in response evaluation scheme should be provided to

check the input agalnst the range of permissible responses.

Mizokawa and Levin recommend guldelines for the design
of error messages. If an error message Is glven, 1t should
have to be acknowledged by the user. At all times, error
messages should avold sarcasm, ridicule and harsh criticism.
As well, comments such as "Oops!" can become annoying after
only a few repetitions and therefore should be avolded.

Lastly, the error messages must provide the users with
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information, rather than punishment or entertainment

(Mizokawa & Levin, 1988).

INSTRUCTIONAL STRATEGIES

The term ‘strategy’ lends itself to many different
interpretations. Faust (1977) defines strategy as * belng
composed of a series of displays which are presented to
students and from which he (sic) |Is supposed to learn *
(p.18). Merrlll (1975) maintalins that a strategy |Is
comprised of “ a sequence of specific tactlcs...[Tactic is
defined as] ...a given display or presentation to the
student of rather short duration* (p.220). Gropper (1974)
on the other hand defines an instructional strategy as *"the
solution of an approprlate type of practice to meet the
distinctive requirements of each different type of
objective" (p.5). Hatfleld (1975 views an Ilnstructlonal
design strategy as "a set of interrelated and sequential
activities, each serving a particular purpose for teaching a
designated instructional objective " (p.109>. Two different
perspectives evolve from these definitions. Faust and
Marrill imply that a strategy should be exclusively viewed
in terms of computer display design. Gropper and Hatfleld’s

interpret strategy as an activity,.
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These authors’ definltions use concepts such as
‘activities’, ‘displays’, or ‘practice’ to define strategy.
Ullmer (1988) resents limiting the word strategy to mere
procedures. He clalms that it strips the term of its
communicative power. Ullmer credits Gerlach and Ely <1971)
for recognizing the potential of the word strategy In the

educatlonal context.

Gerlach and Ely describe an instructional strategy as
including a teacher’s mode of disseminatling information, the
cholce of resources and the definition of the students’ role
(in Ullmer, 1988)>. This definltion alsoc appllies to CAI,
where the computer can be substituted for the teacher.
Ulimer also adds that with the onset of CAI there now exist
several Instructional strategy options: driil and practice,
tutorlials, games, simulations, dialogues, dlscovery learning
and problem solving. For adapted software the choices
become more limited. In the software avallable for
evaluation during this study, only three Instructional
strategles were used: a) drill and practice (29 programs);
b) tutorials (3 programs); and c) problem-solving (1

program).
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Drill and Practice

The dril]l and practice strategy mostly comprises
presenting questions and answers to the learner. In
general, the best drill and practice programs make use of
the computer’s unique capabllities. Lathrop and Goodson
(1983) find the computer’s abllity to handle random numbers
or statements to be an advantage for use in drill and
practice programs, since this permits the students’
responses to be varlied and Interesting without causing any
distraction to the subject at hand. The abllity to generate
an unlimited number of examples allows for dlversity which

can help to maintain the learners’ interest.

Lathrop and Goodson malntaln that computerlzed drlll
and practice programs in thelr many formats offer deflinite
advantages over tradlitlonal methods of instruction. These
advantages include comprehensive drills which test the
students so that thelr entry level is known. Students can
repeat a dril] as many times as necessary in order to master
the Intended objectives. Wrong answers are discovered
immediately, which reduces the possiblllity that an error may

be learned.

Merrill! (1985) is not so impressed with drill and
practice programs. He prefera that a computer program act

as a "participant In a conversation" Instead of a replicated
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textbook (p.25). In the math software programs which were
evaluated for this thesis, 27 out of 33 programs were drill
and practlce programs with varying formats. These programs
do not possess all the qualities mentioned previously such
as branching and scoring. However, these programs are more
efficient to use than a brailler. The subject matter of
these drill programs consisted of basic math skills within
the four operations: multiplication; divislion; addition and

subtraction.

Tutorials

The difference between a tutorial program and a drill
and practlice program, Is that a tutorlial ls usually
designated for Individual use (Lathrop & Goodson, 1983>. 1In
order to be effectlive, tutorials must take full advantage of
the interactive capacity of the computer. Tutorlais play
the role of a tutor to the user. The programs should flrst
of all gather Information on the learner’s entry skills.
Then the program should begln Instruction at the particular
level suited to the learners’ knowledge of the subject
matter. Incorrect responses cause the program to re-explaln

a concept and then to return to the main menu.

The three tutorial programs reviewed in the present

study employed similar techniques for instruction. Yet they
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all share a coonmon flaw. A problem |s given at the
beginning of each lesson. The program then asks the user to
identify each new step. After each step iIs ldentified, the
problem is repeated. Perhaps the developers felt that biind
users would need to hear the problem frequently repeated?

In the author’s oplinion, to hear a question repeated six

times in one short program is an exaggerated burden.

Problem-Solving

The basic problem-solving strategy, as occalsonally
encountered in math software makes littlie use of the
computer capabilities, but rather presents math problems as
they would appear in a regular textbook. The only computer
feature used Is the feedback given after each step in the
solution. This feedback can become counter-productive since

It may interfere with the user’s concentratlion.
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CHAPTER 4

Technical Adequacy

In this chapter factors as ease of use, the use of the
computer’s capabilities, available peripherals, rellablllity

and programming errors will be discussed.

EASE OF USE

Can the lntended user easily and independently operate
the program? This is a question addressed by the Councll of
Ministers, (1985). For sighted userT, most programs may
prove simple enough to operate. However, for blind users
they often require the assistance of a sighted person to
read the ‘Menu’ or repeat the question for them. This not
only diminishes the blind users’ sense of accomplishment In
being able to operate a computer, but can lead blind users

to assume a dependent role (Laurer & Mowinskl, 1986).

USE OF THE COMPUTER“S CAPABILITIES

Bitter & Wighton (1987) compiled a list of 22
educational software characteristics which were ranked major
educational software evaluation agencies from the most to
the least important. The agencles placed a strong emphasis

on the types of criteria discussed in the previous chapter:
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content, pedagogy and integration, with the highest ranking
being awarded to the accuracy of the content. The second
cholice was on the effectiveness of the content presentation.
The third choice focused on the appropriate use of
technology, and the fourth cholc® looked at content agaln,
with the Integration of the program Into the classroom.
Among the least significant characteristics as chosen by the
agenclies was the use of computer features such as screen
displays, color, sound, graphics and animatlion. A
management system of record-keeping ranked lowest of the 22

criterla.

In Bitter & Wighton’s study, the criteria were assessed
for sighted users. Yet, when evaluating software for a
spe.!“lc audience such as the blind, characteristics which
are ranked least signiflicant for sighted users may turn out
to be very important. An example of this Is the use of
technical features such as color, sound and graphics which
may Interfere with the Instruction (Schreier, DeWitt,
Goldberg & Leventhal, 1987)., The program’s Instructlonal
strategy should be vested in the audio mode of instruction,
enabling users to practice thelr basic skills in an
efficlent and time-saving manner. The extent to which a
program fully utillzes the computer’s memory ls also

important to the blind population. Many of the attached
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peripherals or speclfically designed software cannot operate

with a 1imited amount of memory avallable (Young, 1984).

AVAILABLE PERIPHERALS

Attaching a volce synthesizer is not a complete, easy
answer to the use of a computer for the blind (Krollck,
1984>. As mentioned earller, many problems arise when using
a voice synthesizer Is used. One problem is that virtually
all the information displayed on the screen is echoed by the
synthesizer. This often Includes video attributes such as
hlghllqptlng and blinking text, colors, graphlics and ASCII
codes! It Ils logical to recommend that programs which are
speciflically designed for the blind population should avoid
such video features in order to permlt blind users to

operate a program without recelving confusing messages.

Synthetic speech involves linking electronically
generated sounds to form words. Some methods of producing
synthetlc speech use a computer program to generate the
speech. Others employ a special terminal and computer
hardware for this purfose. In general, all text recelved
from the computer can be spoken as words, spelled letter by

letter, and/or reviewed (Ruconich, 1984).

As Laurer and Molinsk! (1984) explaln, blind people

must approach computer use in a dlfferent manner from
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sighted people. Volce output is not exactly comparable to
screen output. Ag computer software is becoming more and
more scree:.-oriented, It is becoming increasingly difficult
for blind users to acces3 these programs wlthout much
frustration and hardshlip. For Instance, it |Is simple for a
siaghted person to skim quickly through a “help menu’ on the
screen to locate commands. As for the blind user, listening
to a long list of commands and trylng to remember the right
one may not be such an easy task to accomplish. One way to
alleviate the task would be to have handy braille reference
cards at the users’ disposal, but this still does not
address the maln problem. “There |s 3till a need for
specialized software designed for efflcient voice output"

(Laurer & Molinski, 1984, p.4).

The most common way to make a computer talk Is to plug
a volce synthesizer into an external port or card slot on a
personal computer. For the Apple II, two systems are
avallable: the Echo 11 and the Votrax Type ‘N Talk. The
Echo Il uses the Texas Instrument speech synthesizer which
was Initlally Introduced as a teaching toy. The Echo II can
only be attached to Apple computers (Frantz & Wigglins,
1982>. On the other hand, the Votrax Type ‘N Talk Is
compatible with any microcomputer. Nelither of these two
synthes!zers produce output which ls truly natural. A

particular limitation of voice syntheslizers |Is the
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relatively low quality of speech output, demanding a period
of learning and accomodation before understanding 1s
guaranteed (Goodrlich, Bennett, Paul & Wiley, 1980).
Recently several firms have manufactured devices capable of
storing human utterances. This enables the user to choose
from a varlety of volces, thus preserving the natural
quallties of speech (Foulds, 1982). However, the flexlibity

of message creation iIs lost In the rcocess.

The Echo II volice syntheslizer developed by Street
Electronics is a low cost synthesizer for the Apple II Plus
and the Apple Ile. The Echo Il features screen review which
allows the user quickly to change modes of operatlion. Thls
syntheslzer has been very popular among blind students due
to Its low price of approximately $200.00 (Holladay, Navy,
Kaysen, 1984). However it has limltatlons. It speaks
whatever information is sent to it; also, in order to
provide all the users’ needs, such as repeating informatlion
or spelling words, the computer must first be programmed to
perform these functions (Holladay, et al., 1984>. Another
inconvenience arlses when words are pronounced correctiy
even though they are spelled wrong; conversely, some
correctly spelled words are mispronounced. Fortunately,
there exist devices which 2'low users ‘0 make program
changes correcting particularly troublesome

mispronunclations (Ruconich, 1984).
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Lacking programming skill®s could constlitute another
drawback of using synthesized speech. If users did not
write the program, it is unlikely that they will know how to
modify the software to make program changes or to command
the computer to recognize certain keys as function keys
(Ruconlich, 1984). Another problem Is that the Disk
Operating System, extended by the voice synthesis routines,
often becomes too large, leaving lnadequate memory for the

operation of common application programs.

The device which provides visually impaired students
with the most accurate picture of computerized output,
Including its line-by-line orientation on the screen, is the
braille printer. Although brallle printers range in price,
they are all falirly expensive. However, the considerable
flexibillty these printers offer to blind users makes the
price worthwhile (Lauer, 1984). One of the least expensive
is the Cranmer Modifled Perkins Bralller which has a price
range of $3000.00. .t Is able to provide output In brailile
from one to twenty-five lines at a time according to
instructions given from the keyboard (Maryland Computer

Services Inc, 1983).

The Cranmer Bralller’s flaws consist of not beling able
to handle fanfold paper, but rather individual sheets of
braille paper which need to be hand-fed. It also has a slow

printing speed of only 10 characters per second. It |Is

46




extremely nolsy when It iIs functioning, and there have been
many complaints regarding 1ts mechanical unrellabllity

(Goodrich, 1984). This printer serves only to produce final
hardcopy for brallle readers and does not offer any optlons

for editing.

Mid-range braille printers exist, such as the MBOSS-1
and VERSAPOINT, which cost about $5000.00 each. The
advantages of these printers are that they are compatiople
with most Apple and IBM software without modificatlon and
are quite easy to master. As well, a contlnuous form-feed
paper tractor can be used, operating at an acceptable noise
level (VTEK, 1985; Telesensory Systems Inc, 1986).

The VERSAPOINT printer designed by Telesensory Systems
Incorporated (1986> also has the capaclity to produce
graphlics and print In a foreign language. The disadvantages
of the two systems are that they print at the siow rate of
10-20 characters per second and have a regular tendency to

break down.

Much faster embossers are avallable such as the LED-120
or the THIEL, whose printing speed runs at 120 characters
per second. Thelr $15,000.00 price restricts access to many
blind users. These bralllers appear to be geared towards
commerclal rather than individual users, since they are able
to produce entire text rapidly, work at an acceptable office

noise level and seldom break down (Ruconich, 1984).
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When decliding which printer to buy, several Important
factors should be taken into account. As when purchasing a
computer, the user has to declde wh.ch features of the
printer are necessary: ease of use, noise level, speed and
abllity to print in both braille and print (Brunken, 1984).
A vital conslideration is the avallablility of service and
whether the company provides resource people tralned In
accessorlies for the blind. Th!s proves to be an essential
conslideratlion since profeseional assistance is often
required in order to beglin bralile production. Also, the
convenlience of having the company’s service department
located In the same city can outweigh initlal cost factors
since a printer does not have to be sent to a dlifferent

country for repalirs (Scheur, 1984).

Following is an extract frocm the Ralsed Dot Computling
newsletter about a blind person’s experience In ordering a
brallle printer from a well-reputed company. The advice
which Scheur (1984) offers could be a warning to other users
regarding the intentions of companies which sell hardware to

the blind.

Recently, I found out that an established company
that “serves the blind’ has been charging substantial
premiums on ltems readily available to the sighted
market. These premium prices would not be so bad if

delivery was prompt....Because this printer is top of
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the line, I was not surprised at not finding It carrled
by local dealers. But, I knew I wasn’t stuck because
TSI [(Telesensory Systems Incl] was selllng a Radlix 10
‘turn-key’ system (a brallle printerl]... I was told
that delivery of the Radix turn-key system would take
four to slx weeks, and that the cost was $1,025.00.

In contrast, I knew that some dealers could get
the printer on speclal order in just a few days,
charging only $925.00...Is It through lazlness,
indifference, lack of knowledge, or all three, that TSI
selling this printer to the already beleaguered blind
community, cannot afford a competitive price or timely
dellivery?...0ne is left with the feeling that TSI, leng
the leader in blindness technology, has become one more
company engaged in the fine art of ‘ripping off the
blind’, elither by purpose or practice. Like any other,
It must be dealt with warily. It seems to me that the
TSI sales focus Is not on the individual. Rather It |s
on the agencles and companies which employ or provide
services for blind people. But those organizations get
some cues from blind consumers about what to

buy...(Scheur, 1984, p.7).

A great amount of research (Vanderhelden, 1982; The
Trace Research & Development Center for the Severeley

Communicatively Handlcapped, 1982; Holladay, Navy & Kaysen,
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1984; Schreier, DeWitt, Goldberg, Leventhal, 1987) has been
undertaken to find technological means of providing the
blind with adequate CAI accessibliity. However In many
schoo! settings, the lack of sufficlent funds and
information about the resulits of this research has hampered

the Implementatlion of this knowledge.

PROGRAMMING ERRORS

All software programs must be technlcally sound; this
impl les free of programming errors (Willlams & Wllllams,
1985>. Of the 33 mathematlics software programs reviewed,
three had such serlious programming errors that they were
rejected out of hand, as representing an unethlical

impogition on test subjects (see next chapter).

A common error amongst all the programs s the
Inappropriateness of the volce synthesized language. For
example, the basic statement “twelve times five equals
sixty" once synthesized, may become "one, two, x (as In the
letter x), flve, equal sign, six, zero." It seems that even
though the software |s designed to teach mathematics, the
voice synthesizer is utilizing a word-processing program.
Other confusing symbols sounded by the software are as
follows: the division sign is pronounced *"slash'; and the

subtraction sign Is "hyphen" or s!lence.
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Some of the software programs reviewed require the use
of a bralliler to answer the addition, subtraction and
multiplication problems. Usually, It takes a consliderable
amount of time to type in a mathematics problem. The
problems are typed In a vertical format and a learner may
often need to roll the paper up and down to verlify the
numbers. Thus, the amount of time spent having to use the
brailler defeats the purpose of using a mathematics computer
program: which is to learn mathematics In a more efficient

manner.
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CHAPTER 5

Study A: The Preliminary Software Review

The following software evaluation study was based on
the explicitly stated criteria of educational values
discussed in the earllier chapters, and on the author’s own
expertise as a teacher of the blind. As a result of the
study, three software packages will be sclected representing
contrasting levels of program quallty for subsequent
‘fleld-testing’. The use of the word “field-testing’ In
this study iImplles that the testing will take place In a
natural setting using reallstic procedures with a small
group of subjects. Thlis s distinct from Dick’s (1977) use
of the term "fleld-testing’ by which he refers to testing of

large groups with twenty learners or more.

RATIONALE FOR EVALUATION INSTRUMENT

The numerous checkllists that are avallable for software
evaluation are targeted towards a sighted audience (e.g.
MicroSIFT, 1985; The Council of Minlsters, 1985; Callifornia
Library Medla Consortium for Classroom Evaluation of
Mlicrocomputer Courseware, 1984>. In order to generate a
checklist which incorporates the specific needs of the
blind, the author began by adapting evaluatlion criteria from

both the "The Evaluator’s Guide For Microcomputer Based



Instructional Packages® (ICCE, 1984) and The Callifornla
Library Medla Consortium For Classroom Evaluatior Of
Microcomputer Courseware, (1983). Crlterla which the author
Judged to be pertinent to blind students’ needs were added
into the checklist. Steinberg (1983), Hannaford and Taber
(1982) support the author’s approach In this respect,
Iindlcating that a teacher of the handicapped may be more
avare of the target population’s needs than the software

publ ishers themselves.

FORMAL AND WIDE AUDIENCE EVALUATION APPROACH

Natlional software clearinghouses such as MicroSIFT and
The California Library Media Consortium (CLMC> both use a
formal wide audlence evaluation approach in thelr
evaluations (Owston, 1987). The €irst step In this approach
Is to devise a checkllist lncorporating criteria which the
clearinghouse staff deem to be important for software
evaluation. The second step includes locating and
Instructing teachers on evaluatlion procedures, which the
teachers implement when they conduct the software reviews.
In order to ensure uniformity amongst the evaluators, a
monltoring process s used which ensures that established
procedures are followed correctly. The evaluation results
are then widely distributed via the electronic medla

(Owston, 1987).
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MICROSIFT

MicroSIFT can be regarded as a ploneer iIn the fleld of
software evaluation, currently reviewlng over 500 software
titles. Today, MicroSIFT is one of the largest and most
intluentlial clearinghouses for microcomputer-based
courseware and related Information (Lathrop and Goodson,
1983). It produces guarterly evaluation reports compare
software packages within a speclfic area. This Information
s then sent to the RICE on-line database which is accessed
by various educatlonal resource service agencles (Owston,
1987). The fact that MicroSIFT’s evaluation guidelines have
been thoroughly fleld-tested as part of its project and are
readily avallable, may account for Its influence on other
software evaluation approaches and |ts wldespread use

(Owston, 1987).

THE CALIFORNIA LIBRARY MEDIA CONSORTIUM

The CLMC’s primary concern In developing thelr
checklist was to encourage teachers to particlpate in the
evaluatlion process by making It as short and simple as
possible. The form was designed to be self-explanatory and
accordingly, there Is no accompanying documentation. A
large portion of the form is devoted to evaluation criteria,

divided into five areas: general design, ease of use,
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content, motivational devices used, and documentatlion
avallable. Evaluators are asked to review critically
various characterlistics of the program within each area. In
addition, a section on Instructlional content and objectlves,
asks for an assessment of the program design; and a further
section asks the evaluator to describe the students and
their responses to the program. Although this form was
designed for use by teachers at a workshop, It has proved to
be an excellent evaluation tool In general, owing to Its

simpliclty and pertinence.

METHODOLOGY OF THE REVIEW

Based on the Information reported in the previous
chapters, and on aspects of the MicroSIFT and the CLMC
checkllsts, a software evaluation checkllist was developed
for use with blind students specifically. The checkllst was
divided Into three dlfferent areas: a) program operation and
technical quailty, listing 12 attributes; b) content and
instructional quality, listing 9 attributes; and c¢>
motivation, listing 6 attributes (Table 1),
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Table 1 Checkllist Criteria

Program Operation & Technical Quallity:

1) No programmming errors present.

2) User informed which keys to use.

3) Wrong key doesn‘t abort program.

4) Accepts abbreviations for common answers.
5) Instructlons given to quit.

6) Instructlions can be skipped.

7) Able to modify program.
#8) Uses appropriate mathematical language.
#9) Sound of volce is comprehensible.

10) Uses computer capabllitles well.

11) User can use program lndependently.

%12) Use of repetition is acceptable.

Content & Instructlional Quallty:

1) Follows sound educational theory.

2) Follows sound educatlional methods.

3) Content ls accurate and unblased.

4) Amount of learning Justifles amount of time.
#5) No use of graphics and animation.

6) Objectives are clear and conclse.

7) Guestions are clear and concjse.

8) User controls level of difficulty.

9) Timing 18 paced and flexlble.

Motlvatlon:

1) Effective feedback for correct answer.

2) Effectlive feedback for wrong answer.

3) Poslitive feedback more attractive than negative.
#4) Graphics not used to relnforce.

S) Timing doesn’t distract user.

6) Instruction ls user-friendly.

% Applies speclflcally to the bllnd
and partially slghted.
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THE SOFTWARE REVIEWED

Thirty-three mathemat!ics software programs were located
for review, from The American Printing House For The Blind
(Appendix I>. Henceforward, the mathematics software
programs will be referred to by thelr designated letter.
Three of the programs were rejected due to serious
programming errors. Four other programs used only graphics
for instructlion and were therefore judged useless for a

blind user.

Following are examples of the programming errors which
were detected. One program would stop functloning 1f a user
input the wrong answer; another would state "Unldentifled
error in 300"; a third would stop a user from particlipating
2 out of 3 times and display a big "ZAP!" on the screen.
Other programming problems included: a long loading time;
the use of graphics only for lnstruction; no voice
capablillity; always returning to the menu after only one
question and the tendency to repeat a question and to answer

too many times when a user lnputs an lncorrect response.

The remaining twenty-five software programs were
assessed using the 27-ltem checklist. A "y" was recorded in
Table 2 when a program successfully complied with one of the
checkllst attributes. 1If the program did not meet the

criteria, a blank space was left beside the item. The
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numbers at the bottom of the Table refer to the total number

of attributes each program contains.

GRID ANALYSIS

In order to Increase the rellablllty of the checklist
and provide for an objective selection of which programs to
fleldtest, the data were lnputed into the repertory grid
analysls program of Higglnbottom (1980>. The varliant used
was a cluster analysis, as appropriate to the binary data of
Table 2. The checkllist was divided into the three areas
Included in the Table (program operation & technlical
quallty; content and Instructional quality; and motivation)
and three separate grid analyses were conducted, one for

each area.

In each analysis, the individual program attributes
were considered as singl!e varlables. Whenh a software
program had one of the checklist attributes, It was glven a
positive response, a score of one. When a program did not
have the attribute In questicn, it was glven a negative
response and a score of zero. Cluster analysis multliplles
the loadings by the scores. Both the positive and negative
discrepancies are counted, with the positive discrepancy
being the number of times the score Is one and the estimated

value zero. The negative discrepancy |Is the number of times
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the score is zero and the estimated value one. Initlally,
the analysis considers each varlable as a separate
compone.... Then, the two most simllar varlables are Joined
to form a larger cluster. The analysls contlnues untli}
separate components are established accounting for maximum

varlance among the program ettributes.

For the area of proqram operation and technical
auallty, the output from the cluster analyslis (Appendix 11>
revealed two independent famillies of attributes. They were:
a) Instructions given on how to quit the program; and b)
ability to modify program needs. For the area of content
and instructional auality, the analysi3s Indicated three
independent familles of attributes: a) the program follows
sound educatlional theory; b) content ls accurate and
unblased; and ¢) timing of the program |s self-paced and

flexible. For the area of motivation, there were three

Independent families of constructs: a) effective feedback
glven for correct responses; b) graphics not used for

reinforcement; and ¢) timling not distracting to user.

Each software program was then rated on the seven
attributes found to represent the most varliance in the three
checklist areas (Table 3. The programs were rated on the
basis of the total number of attributes, iIn terms of poor,
fair or good. Programs which recelved the maximum score (7)

were characterlized as ‘good’ programs, since they contalined
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all of the qualitles indicated by the analyses to be
necessary for effective software. The program which ylelded
the minimum score (1) was conslidered “poor’, for It lacked
most of the listed criteria items. Programs which recelved

a mld-range score (4) were labelled as “falr’ programs.

The programs from each rank (1, 4 or 7) were then
screened by the author, wlth respect to thelr suitabllity
for the blind user. Three representative software programs
were chosen, one from each main category. The next step was
to field-test these three programs of varying quallty and to
find out whether the quality of the program would influence
a) the blind users’ |mprovement In addition and subtraction;
b) thelr attltudes towards mathematics as a subject; c©)
their attlitudes towards mathematics computer software in
general; and d) thelr levels of aspiration with regard to

bettering themselves In mathematics.

SELECTION OF ‘GOOD’ PROGRAM

Programs D and Y both received the highest score of 7.
Program D is a drill and practice program which offers both
large print and volce capabllities. It permits the users to
choose the level they want to work at; the levels range from
Grade 2 to Grade 6. It also provides the users with a

choice of the operation they wish to practice: addition,
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subtraction, multiplication or division. The program also
has certaln negatlve characteristics. First of all, It
program has a very long loading time Cabout 1 minute) which
may cause the students to become frustrated or to experlence
anxiety levels detrimental to their performance
(Schnelidermann, 1980; Golas, 1983). Secondly, the program
requires the use of a bralller, as well, which may Interfere
with students’ attltudes towards mathematics or mathematics

software.

Program Y |s also a drill and practice program which
focuses on the additlion of one and two digits. The software
is almed at Grades 4 to 5. It has volce capabllities. Is
easy to operate, and has clear and conclse instructions.
This program follows a multiple~choice format. It allows
for only one try per problem which may cause some students
to be hesltant to answer since they krow that they have only
one chance. However, In view of the technical problems
observed with program D, program Y has been chosen as the

representative for the ‘good’ program.

SELECTION OF ‘FAIR’ PROGRAM

Programs H, L, U, and V each recelved a mld-range score

of 4. Each of these programs will be described In detall.
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Program H is a drlll and practice program whose sole
content Is subtraction with one-and two-digit numbers. This
program |s very baslic at a Grade 3 to 6 level. It contains
expliclt Instructions which enable a user to operate the
program lndependently. The user only needs to supply the
questions with numerical answers. However, thls program
does not utllize any creative, lnnovative or effective
features of the computer. It presents problems simply as
they would be written In a workbook. The feedback in this
program Is quite redundant and does not use approprlate
language for mathematics as explained In chapter 4. Thls
makes the questions difficult to understand. The user needs
to learn that *hyphen* or silence means minus, and that the

program reads the digits individually.

Program L is a drlll and practlice on the four
operations. The level of difflculty cannot be adjusted.
Although the program does indicate that It Is set at Grade 4
to 6 level, its questions seem to be targeted towards a
grade 3 or 4. This program allows the user to choose an
operation (e.g. addition), and provides the user with one
example. Once the user has typed in a response the program
returns to the MENU, regardless ;f the accuracy of the
answer! If a user wants to contlnue answering questions,
the program must be reloaded. This program also reads out

the mathemat ics symbols Inappropriately. Its feedback
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responses use many slang comments. Examples of the comments

are: "Right on!*; “Wow!"; "Too bad!" and “Oops!‘.

Program U is a drill and practice program concentrating
on ‘carrylng over’ in additlon. The level iIs at Grades S to
6. The program’s strateglies appear to be designed for a
sighted rather than a blind user. First of all, the problem
is read (e.g. *two, two plus one, four")>. 7"ien it repeats
three times, "What goes above?". An arrow points to a
blank, which signifies a number which goes above the first
diglt when carrying over iIn addition. A blind user may have
difficulty in answering the question due to the Inabillity to
percelve the location of the arrow. As well, the repetition
of "What goes above' may interfere with the user’s recall of
the numbers. Secondly, every problem is framed by X’s.
Therefore, at the beginning of each question all the user
can hear are the X’s being sounded out by the voice
synthesizer. The feedback of this program is minimal. If
the answer is correct there is no response, if an error |is

made, it says "Try again".

Program V is a drill and practice focusing on
subtraction with borrowing. The level is at Grades 5 to ~.
This program foillows the same format as program U. Once
again, the strategies appear to be orlented towards sighted
users. An arrow Is placed on the flrst diglt of a set of

numbers, with the iIntentlion to borrow when subtractling.
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Instead of repeating the numbers, the question *What goes
above?" |s needlessly repeated three times. Also the letter
X 1s used as a decoration for each questlion and therefore,
needlessly repeated. As with program U, there is only one
feedback response which says "Try again® |f a mistake is

made.

Program H has been chosen to represent the ‘fair’
program for field-testing, since It contains rnone of the

major flaws observed in programs L, U and V.

SELECTION OF “POOR’ PROGRAM

Program O was the only ocne to receive the minimum score
of 1. Thls procram is a drill and practice program which
concentrates on addition and subtraction with one and two
diglt numbers. 1Its level ranges from Grades 4 to 6. This
program is difficult to operate since It offers no
Instructions. It also has the folowing dlstracting feature,
It first presents a question, and then a serles of random
numbers repeated very quickly. The word ‘Go’ appears, and
the program begins counting backwards from fifteen. This
all occurs while the user is thinking of a response to the
question and educatjonally speaking has neither rhyme nor
reason! If a user types in an answer, the program does not

respond immediately. but continues to count for a few more
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seconds. This results In the user having no idea if his/her
answer has been accepted, until the computer offers one of
two responses: "Good!* or "No, the answer is ..". Since
there are no other programs to choose from in this category,
program O has been chosen to represent the ‘poor’ software
level. In the next chapter, the programs representing the

three software levels are formally field-tested.
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CHAPTER 6
Study B: Fleld-testing of Selected Programs
SAMPLE OF THE TARGET POPULATION

A limited number of anglophone blind students attends
schools In Montreal and the surrounding areas. As Indicated
in Chapter 4, the software programs ranged from a Grade 4 to
6 level, and for the following fleld-tests, the author had
access t:«; only seven blind students enrolled In these

grades.

All blind or partlially sighted students Integrated into
a regular school in Montreal must fulfll simllar criteria.
These criteria consist of: average or above average IQ;
abllity to use devices (l.e. typewriter) or technlques (i.e.
braille or Nemth code for mathematics) to do schoolwork; and
approprliate =scclai behaviors. The fact that the students
are all blind or partially sighted implies that they all
share similar traits for accessing iInformation, fdf
instance, the need to rely on a voice syntheslizer (o be able

to read a computer screen.

On the above basis, the fleld-test sample Is assumed to
represent a relatlvely homogenous population. However, the
mathematics abllity of the Individuals iIn the sample may

differ. Both paychological and curricular testing is



conducted on most bl lno and partially sighted students who
are integrated Into regular schools. The author was able to
gain access to the students’ mathematics results on
norm-referenced tests such as Key Math and part of the RAT.
Based on this Information, the students were classjifled

according to their mathematical performance (Table 4).

TESTING DESIGN

A three-group pretest-posttest design (Campbell and
Stanley, 1966) was employed in order to study the possible
effects of the three mathematics computer programs (’good’,
‘fair’, and ‘poor’) on subjects’ learning; their general
attlitudes towards mathematlics and mathematics software were
also surveyed. The first stage In the design was the
administration of a pretest contalining mathematical problems
and attlitudinal questions (Appendix III>. The second stage
was the experimental treatment (i.e. the computer program);
and the final step involved the administration of the
posttest (Appendix III>. The differences in mathematical
ability due to the applicatlion of the treatment were then
determined by comparing the pretest and posttest scores
(Campbell & Stanley, 1966>. Borg and Gall (1983) stress
that a key problem with the pretest-posttest design 'is
establishing sultable control so that any change in the

posttest can be attrlibuted only to the experimental
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treatment...Many extraneous varjables need to be controlled
in order to allow an unequlvocal Interpretation of
experimental data" (p.663)., Campbell and Stanley (1966)>
have ldentifled elght types of extraneous varlable, some of

which may be pertinent to the design of the current study.

The subjects In this study each worked alone when using
the computer. This was done to ensure that their learning

or attitudes would not be influenced by other students.

‘Instrumentation effects’ refer to effects which occur
because one of the measurling lnstruments has been changed;
elther the pretest or posttest contains easlier ltems. To
avold this contamination of the resulits, the pretest and

posttest computation items were idcntical for this study.

The entire duratlion of the study was less than wlithin
one hour., It s therefore very unllikely that additlional
learning took place from an external source, or that the
subjects developed physically, soclally or iIntellectually
during the testing period. In using the before-an-after
design within a short time period, there Is a chance that
the subjects may have become test-wise. To reduce thils
testing effect as far as possible, the order of the

quest lons was changed on the posttest.

Another factor which may affect the results is the

allocatlion of the “good’, “falir’ and “poor’ programs to the
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sample population. This was counter-balanced as well as
possible. The subjects wih'' were ranked as good in
mathematics recelved either a “falr’ or ‘poor’ program. The
s.ibjects who were ranked to be average in mathematics,
received either a “poor’ or ‘good’ program. Lastly, those
subjects whose test results indicated that they were poor !n
mathematics were assigned either the “falr’ or ‘good-
pregram. Thlis was the best means avallable of ensurirg that
extreme scores would not occur in the results. Students who
recelved high mathematlcs scores might have performed too
well |f assigned the ‘good’ software program. Conversely,
the students who scored poorly might have produced very low

results using the ‘poor’ program.

The author was able to gather Informatlon from the
schools concerning the subjects’ previous computer
experlence. It was found tha* only one subject in the
sampie had never used a "' .nematics program before this
study. This iInformatlion was also sought on the posttest to

reaffirm the author’/s findings.

The subjects’ famillarity with computers reduced the
posslibility that they guess a response to an item. Borg and
Gall (1983) state that subjects who lack Information about a
particular toplic will express an orinion i{n order to conceal
their lgnorance or because they feel pressured Into

expressing an opinlon.
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INSTRUMENTATION

The purpose of the pretest was to assess the subjects’
entry level in mathematics. Initlally, it Included eleven
subtraction and nine additlon question statements using
one-digit numbers. <(These were later modified to two-digit
statements: see next section.) The posttest served several
purposes: first, tc verlfy |f there was any learning gain
after using a mathematlics computer program, secondly, to
measure the studesnts’ attitudes toward the mathematics
computer progran’'s features, mathematics as a subject, and
their students’ levels of asplration with regard to
mathematics; thirdly, to gather demographic Information
regarding sex, age, grade, degree of vision, and etloiogy.
Factual questions were also asked regarding computers and
mathematics. The addition and subtraction questions were
ldentical to those presented on the pretest but were In

reverse order.

With regard to the questions dealing with attltudes,
the author created a set of 3 point scales. Conventional
Likert scales require respondents to indlicate thelr
agreement with each statement on a S-polnt scale ranging
from: strongly agree to strongly disagree (Henerson, Morris,
Fitz-Gibbon, 1978)>. However, the author declded to use
3-point scales for the followling reasons. Firstly. the

questions were to te gliven orally and It might have been
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difficult for the blind subjects to process five cholces.
Secondly, the subjects were all at the elementary level.
Consequently thelr vocabulary and comprehension level may
not have enabled them to make the distinction between
strongly agree and agree, or strongly disagree and disagree.
To faclllitate the subjects’ comprehension, simple ‘Yes-No’

and ‘Like-Dislike’ formats were stressed.

For the first question on the posttest, a four-point
scale was utilized. It asked the subjects to choose a
statement which best described how they felt about the
computer program they had Just used. This was an important
qu'’stion and was therefore placed at the beginning of the
questionnalre, as suggested by Borg and Gall (1983). The
author was careful to make the question sound interesting
and non-threatening, In order to motivate the subjects to
contlnue responding to the remeining items; also to
alternate between questions which reflectsd a positlve

atiitude and those reflecting a negative attltude.

Demographic information was also sought on the
post-test. In one of the gquestlions, the respondent was able
to comment on a mathematics computer program they had usec
beiore this study. Another question related to the use of
the compiter for other topics than mathematics. For the
final three questions, a 4-polint scale was uti'ized to

assess the resrnondents’ level of aspiration in mathematics.
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CONSENT TO PARTICIPATE

The consent of each school’s principal was needed In
order to perform the testing. The principals were contacted
by the author and the study was described In detail to them.
They were asked not to discuss the study with any member of
thelir staff. The author assured each principal that the
subjects’ ldentlities would remain anonymous. It was not
considered necensary to contact the parents since the
testing was to be administered during the ltlnerant

teacher’s regular dutles.

PILOT STUDY

A pllot study was first conducted. The actual
testing was not done by the investigator but by another
person, the experimenter. The plilot study served the
purposes of checkling a) whether the procedures to be
implement~d were well understood, b> the operation of the
computer program, and c¢) {f the wording of the question
ltems and response statements was easlly understood by the
subject. Borg and Gall (1-,83) malntain that pllot studies
can provide feedback from the subjects and other persons
involved which may lead to important Improvements In the
study. Borg and Gall also recommend that for a pllot study

to be valld, the subjects should be similar to those which
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will be utilized 'n the actual study. Due to the small

sample size, only one subject was used in the pllot study.

The experimenter was an ltlinerant teacher whose Job
included being a tutor and resource person for blind and
partlally sighted students integrated into the regular
school system. The ltlnerant teacher is assigned a certaln
number of students, and visits them on a reguiar basis in

their schools.

The subjects in this study were all accustomed to
seeing this teacher and all of them appeared to feel at ease
with her. The test took place in a natural one-on-one

classroom setting.

To avold an experimenter blas effect, the experimenter
was not glven any Indication of the purpose of the study,
nor had any ldea that the software programs were ranked
according to quallty. All she knew was that the lnstitution
for the blind had purchased three mathematics programs and
the author was Interested to determine their ef€ectiveness.
It was to the author’s advantage that the itinerant teacher

was not famlillar with computers nor with computer programs.

On-site requirements were as follows:

i. One Apple lIe or 11 Plus microcomputer with attached

floppy disk drive and monitor.
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2. An Echo 11 or Echo Plus speech syntheslzer with an

interface card that fits Into slot #3 of the Apple.

Important Note: These two volce syntheslzers cannot be

used on an Apple Ilc.

All the schools which collaborated in this study had
access to this equipment. The ltinerant was given the
testing materials on the day of the testing, and explicit
Instructions for loading the program and conducting the test

(see Appendix IV>.

The pllot test proceeded as follows. The pretest wvas
adninistered orally, consisting of twenty addition and
subtraction questions. The subject answered the questions
crally, whlle the experimenter recorded the responses. The
experimenter then loaded the computer mathematics program.
Since thlis subJject had recelved high scores on the
mathematics norm-referenced tests, he was given the fair
program. The subject then worked with the mathematlics
program until Its compietion; all instructlions were provided
by the program. The experimenter then proceeded to
administer the posttest, reading the items orally and

recordlng the subject’s responses.

The pllot study Indicated that the entry level of the
computation questions was too simple. ‘As a result, the

addlition and subtraction questions were moclified from
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one-digit to two-diglit numbers. Apart from this
modification, the measures remained the same. The
experimenter reported that the question ltems were otherwlse
clear and did not present any problems to the subject. The
experimenter also reported that no problems arose In the

operation of the computer program.

THE FINAL FIELD-TEST

The final fleld-test replicated the pilot study in all
respects except the modlificatlons to the guestlionnalires (see
previous sectlion). It tcok six days to conduct the
fleldtesting on each subject. Only one subject tested at a
time. Thls secured the ! 1dependence of the students’
responses. All subjects were glven ample notice before the
testing would take place. The day and time of each
appointment was negotlated with the classroom teacher,
itinerant and school principal, to ensure that the time was
convenient. The testing took place in a naturallstlic
setting, In the subjects’ own school with the itinerant
teacher acting as the tester. The approximate length of

time for the testing was a little under one hour.

~
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RESULTS

Once the field-testing had Le2en completed, the data
were collated, and the subjects’ performance assessed on the
basis of the pretest and posttest. Table © displays the
pretest and posttest scores, and examines the dlfference
scores In relation to the assigned mathematlics program and

the mathematics level of each subject.

Table 5 Pretest & Posttest Scores

Subject Computer Pretest Posttest Difference Mathematics
Program Score Score Score Level
1 poor 4 5 +1 average
2 fair 16 15 -1 good
3 poor 17 18 +1 good
4 good 18 19 +1 average
5 good 18 19 -1 poor
6 fair 13 12 -1 poor

None of the programs appears to have had an effect upon
the subjects’ mathematics computation skills. The
difference scores between the pretest and posttest show a
small range of shifts only. The range of shifts In question
renders it most unllkely that learnfing took place. Two
subJects (#2 and #6) scored iower in the posttest than on
the pretest, even though the first was ranked as a high

mathematics achlever on the basis of recent school results.
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The attitudinal measures did, however, provide useful
Information concerning subjects’ attltudes. Table 6
I1lustrates a’> the subjects’ overall evaluation of the
computer program which they had used durlng the fleld study
and b) their levels of aspiration In mathematics.

The frequencles of responses to the posttest questions as a

whole are glven |n Appendix II1.
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CHAPTER 7
Discussion of Results and Conclusion

In this final chapter, the fleld-test results will be
discussed, gulidellines will be offered to software
manufacturers and purchasers regarding the problems most
commonly found in adapted software for the blind and

partially slighted.

DISCUSSION OF RESULTS

The fleld-test results revealed no obvious dlfferences
between pretest and posttest scores. This may certainly
have been due to the small sample used In the testing; It
may also have been due to the use of ‘weak’ treatments (Borg
& Gall, 1983). It Is difficult to produce a treatment which
is strong enough to have an effect upon the dependent
variable. In the present study, the treatments (computer
programs were administered only once to the subjects,
Perhaps they would have ylelded greater gains If used over a
longer perlod. Unfortunately, this would have been
impossible with the highly speclialized sample of oubjects
which was currently avallable., It should be noted that a
few of the blind subjects experienced dlifficulty In using
the software programs, particularly the ‘fair’ and “poor’

ones. (See the descriptions of the ‘poor’ and ‘falr’
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programs in Chapter 5 for a discussior of thelr technical
flaws.) However, they seem to have hesitated to express
these problems as criticisms. Even though technical
difficulties did arise during the testing, the subjects were
not critical of these problems iIn their responses to the
posttest items concerning the program’s attributes. This
lack of criticism may have been for two reascns: a) the
students’ Ilnexperlence with good software, or b)> the
possliblllty that they do not have the confidence to
criticize educational materials generally. All but one of
the subjects Jjudged the program In question as “good and
useful’; but ,¢ Is distinctly possible that pone of the
software programs wag adequate to teach Dlind students at
this educational level. It can be assumed that most of the
subjects 1lked the program they used because they had never
worked with a better one. They may be lgnorant of the fact
that better software |ls availanle, since they have not had
access to the vast world of standard software (Vanderheiden,

1982; Lauer & Mowlnskl, 1984; and Young, 1984).
On these bases, It iIs also possible that these subjects
were not good Judges of the software.

Only one subject (#2> In the sémple reported the
program which he used as being ‘no good, not useful at all”’,
This subject had been assigned the “falr’ program and was

ranked as having a high average In mathematics. He may
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therefore have had higher standards for evaluating software
than the other subjects. Indeed, this subject claimed a
relatively high degree of previous computer experience -
more than four hours a week - and <demonstrated his critical
Judgement In hls Jjudgments of the other programs he had
used. The response statements for this question should
certainly have been more speclific, in order to tease apart
the different effects of program quality and user

experlence,

It would have been more Informative, for example, to
have asked the subjects preclisely how many hours a week they
use computers. By dolng this, It could have been determined
whether the amount of time spent workling with the computer
was related to the stringency of subjects’ evaluations of

computer software.

The other possliblility concerns the possibllity that
subjects were unwilling to criticlze the software. Students
are not often in a position to judge educatlonal materials,
and are unaccustomed to having a staff member value their
opinion. The subjects may therefore have attempted to
Please the experimenter by answerlng In accordance with the
responses they percelved as bein¢ the experimenter‘s

preference (l.e. an experimenter blas, or ‘halo effect’).
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It Is also possible that the subjects may have felt
obllged to Judge the software favorably since |t wac
presented to them by thelr itinerant teacher. Thus, an
experimenter bias effect may have occurred wlthout the
experimentsr belng aware of it. "The method of transmission
of the experimenter’s expectancy to the subjects is not
clearly understood,... yet the experimenter bias effect does
appear to be a real threat to the internal valldlity of
experiments" (Borg & Gall, 1983, p.646). One way of flnding
out In future If this was a contributing factor would be to
have the testing conducted by several experimenters. I.
could then be determined - ether it makes a difference who
administers the ‘est. Borg and G-~l1] suggest that an
effective way to avolding this effect is to train nalve
experimenters to work with the students. The present
researcher had considered this when desligning tne study and
did not work directly with the subjects herself for this
reason. The investlgator was careful not to dlscuss the
study’s hypothesis with the actual experimenter; and the

experinenter had no training iIn computers.

The training of the experimenter %o be completely
objectlve throughout the testing session was another method
employed to clrcumvent this effect. The Instructions to the
experimenter had Included emphases on nct discussing ihe

tests’ jtems with the subjects; on not revealling one’s
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opinion about the program’s attributes; and on refraining
from making comments concerning the ltems on the pretest and
posttest. Lastly, the experirnenter was to be conscious of
the tonallty and emotlional Impact of the volice when reading
the items and possible responses. However, the possibllity
that the experimenter blas effect contributed to the results
must certalnly be taken Intc account if the present results

are In any way to be generallzed to the target population.

The subjects were all asked whether they enjoyec
mathematics as a subject. More than half of them admlitted
to disliking mathematics. However, all of the subjects
expressed a desire to improve in the subjsct. The subjects
who ranked themselves as not being very good In mathematics
did not appear to be helped by the software program.
Rather, It seems that they Judged themselves more harshly
than the mathematlics programs. When asked whether they
thought that mathematics computer pragrams could help them
in mathematics, only Subject #3 answered no. However, this
same subject responded that he was not very good at math.
Apparently, the software programs did not ielp the subjects
to feel more competent in math. Instead, It appears that
the software programs may have relnforced the already
negative perceptlon of those sublJects who fzlit they were no
good in math. This assumption 1s contrary to the purpose of

drill and practice programs which are desligned for low
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achievers who require additlional practice (Lathrop &

Goodson, 1983 & Taber, 1983).

Ultimately, che researcher speculates that motivation
for using computers as well as wanting to ilmprove In math
may very well have affected these subjects’ evaluations of
the math programs presented to them. The earllier findings
of the ~tudy (Chapter S5) support the notlion that math
software currently designed for the blind or partlally
slghted tends to be nelther effective nor appropriate. The
study thus supports the conclusions of other authors,
mentioned earllier, on this matter (Laurer & Mowinski, 1986;
Young, 1984; Moyer 8% Scadden, 1987; Goodrich, 1984; Lewis,
Harrison, Lynch & Saba, 1988; and Vanderhelden, 1982).

CONCLUSION

Many problems were disco.ered in the courseware
evaluated by the author (see Chapter 5. These Included:
program instructions being too complex and lengthy, the need
for more refined student error analysis and corrective
feedback to the student by the computer; technical flaws and
programming errors. As part of an ongolng evaluatlon
process, the thesis thus offers guldelines to publlishers and
manufacturers to follow in remedying the present

shortcomings of software desjigned for the blind and
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partially sighted. Ideally, the problems should be
ldentifled by formative evaluation procedures, before {ne
software 1s marketed, rather than afterwards as in the
current study. Via formative evaluation, developers have
the opportunity to assess if a software program s capable
of teaching, and to make revisions if necessary (Smith &
Boyce, 1984>. Even though It can be an expensive process,
to Implement, the advantages of formative evaluation
cutwelgh lts costs. If evaluation procedures are used as an
integral part of the Instructional development process |n
this manner, the effectiveness of the product will be
substantlally improved (Baker & Alkin, 1973)>. This
increases the 1lkellhood of creating a product which will

ultimately be easier to market.

Weston (1987) proposes the lnclusion of experts and
learners in the formatlive evaluation of instructlonal
products. Implementing a team approach lncluding a subject
matter expert, an instructional designer, and a programmer
can all contribute to the design of the program. The
feedback recelved from the intended learners can help to
ldentify any problems with the program. If time ls taken to
research the speclfic needs of the target audience, a
high-quallty product which |s approprlate to the Intended

learners’ needs will undoubtedly emerge (Smith & Boyce,

1984).
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Another important way of Improving software designed
for the blind Is to increase the sensitivity among
manufacturers and developers regarding the importance of
effective delivery of computer hardware for the blind.
Guidance as to the practical aspects of using speclal
technical modifications can provide manufacturers with a
better understanding of the problems they are tryling to
solve, and can lead to the design of more effective speclal

facilities,

Developers should reallize that blind individuals use
considerably different strategles for organizing and
presenting information on the computer screen. Even though
volce syntheslzers are currently providing the blind and
partlally sighted with access to software, they are
providing nelther equivalent nor optimal access as compared
to that of sighted Indlividuals. According to The Trace
Research and Development Center for the Severely
Communicatively Handlcapped (1982), the software problem is
further complicated when modiflied hardware places demands on
the computer’s operation system. For example, the program
which telis a computer how to operate a volce syntheslzer
cannot necessarily cope with lnput instructing the computer

on how to operate a printer.

Commerclial software producers have been accused many

times of being in ro hurry to f111 the gaps In avallable
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speclal education CAl materials (Vanderhelden, 1982; Laurer
& Mowinskl, 1986; and Young, 1984 In fact, this ls such a
common problem that a journal dedicated to improving the
educational opportunitlies for chlldren and youth wlth
disabllities has been established, entitled "Closing The
Gap". The lack of abundant good speclal education software
Is the main reason that a full-scale application of CAl to
the instructional needs of disabled students has not yet
being achleved (Trace Center, 1982)., It |s probably safe to
presume that the relatively small speclal education
population, the complex nature of special educatlion CAI
software, and the costs involved in producing such software,

have all contrlibuted to this situation.

Teachers of computer alds for the blind are In a double
bind. They are overwhelmed by the constant flow of new
adaptive aids and updates, which are largely underdeveloped
and lack sufficlent documentation. At the same time they
need to keep up with the ever growling computer field. Yet
budget resources for thelr training are often lacking. The
researcher therefore suggests that manufacturers lnclude
adequate documentation along with the software program.
This should lnclude suggestions on how to Integrate the
program into a currliculum. Instructional actlvities which

are not inherent In the software should be suggested.
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Lesson plans should be presented which Integrate these

missing events Into an instructlonal classroom settling.

Much remains to be done to iImprove the sad situatlion of
educatlional software for the visually handicapped. In
Laurer and “owinskl’s oplinion, (1986) CAI manufacturers are
currently taking full advantage of the publlic’s ignorance by
Introducing systems which keep the blind users’
unnecessarlly dependent upon experts. Another source of
concern is the rapidly changing nature of the computer
Industry. The standardization of codes for use with all
machines would greatly relieve the blind user from depending
upon experts, because earh change has the potentlial of
denyling visually handlicapped users access to computer
technology. Too few resources exist for training and
equipping users who coul!d beneflt from computer ajds. Very
often blind users need to be more knowledgeable about
computers than their sighted counterparts. A coheslve and
sustalned effort made by brallle professionals, equipment
manufacturers and visually impaired consumers alike |is
needed to ensure that the bilnd have full access to the

computer.

In summary, it i1s cruclial that greater stability within
the hardware should be promoted, ana exploitation of the
blind users’ dependency on experts lessened. Communication

through networking with others, and sharing Information
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about computer technigues, appears to be the key to
improving computer access. Institutions, agencles,
manufacturers, developers of software and the visually
impaired individuals themselves must be willing to make the
effort to iIncrease interpersonal contact and to exchange
Information. A greater awareness is needed of each
organization’s financlal and staff limitatlons Including
those of the manufacturers and developers of software, in
order for solutions to be found to these troublesome
problems. Only then, when communication is generated among
evaluators, tralners, information disseminators, and
manufacturers of speclal alds will the amount of good,

ugseful software for the blind be lncreased.
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Appendix 1

IDENTIFICATION OF SOFTWARE PROGRAMS
USED IN THE EVALUATION

Ad The Amerlican Printing House For The Bl ind.
(1986>. Math Quiz. [computer programl] KY:
Street Electronic Corporatlion (Echo Speech
Generator, Version 3.1.2).

B> The Amerlcan Printing House For The Blind.
(1985). Clock Time. [computer programl] KY:
Street Electronics Corporation (Echo Speech
Generator, Version 3.1).

o)) The Amerlican Printing House For The Blind.
(1985). Clock Time. [computer programl) KY:
Street Electronlics Corporation (Echo Speech
Generator, Version 3.1).

D> The Amerlican Printing House For The BLind.

(1986). Math Tester. {computer programl KY:
Street Electronics Corporation (Echo Speech

Generator,
Version 3.1.2.).

E) Street, Levieux, & Kory. €(1985). Math Level
15 [(computer programl CA: Street Electronics
Corporatlions
(Echo Speech Generator, Version 3.0).

F Street, Levieux & Kory. (1985). Math Level 12
(computer program] CA: Street Electronics
Corporation (Echo Speech Generator, Version
3.00.

G> Mallow, M. & Gultlierrez, M. (1986>. Math

Tutor Proaram {[{computer programl] NE: The
American Printing House For The Blind (Echo

Speech Generator, Versalon 3.1.2).
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H>

I

Jd

K>

L

M

N>

o

Street, Levieux & Kory (1985). Math Drill
[computer programl] CA: Street Electronics
Corporation (Echo Speech Generator, Version
3.1.2).

Street, Levieux & Kory. (1985). ¥Word Problems
[computer program] CA: Street Electronics

Corporatlon (Echo Speech Generator, Verslion
3.1, A 009>.

Schumacher, S. P. & Hearn, C. L. (1986).
Musical Math Teacher [computer program] KY:
The American Printing House For The Blind
(Echo Speech Generator, Version 3.1.2).

The American Printing House For The Blind.
(1986). Change [computer program] KY: Stree.
Electronlics Corporation (Echo Speech
Generator, Version 3.1.2).

Street, Levieux & Kory. (1985>. Math
[computer program) CA: Street Electronics
Corporation (Echo Speech Generator, Version
3.1, A 013,

Street, Levieux & Kory. (1985). Math Leve]
13: Subtraction [computer programl] CA: Street
Electronlics Corporation (Echo Speech
Generator, Verslon 3.0).

Street, Levieux & Kory. (1985>. Math Level
10: Review [(computer program] CA: Street
Electronlcs Corporatlion (Echo Speech
Generator, Version 3.0).

Street, Levieux & Kory. (1985>. Tom’s Math
Drliil [computer programl] CA: Street
Electronlics Corporation (Echo Speech
Generator, Version 3.1, A 029).
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P>

Q>

R>

S

T>

U

v

W

The American Printing House For The Blind.
(1986>. Math Decathlon (computer programi KY:
Street Electronlics Corporatlon (Echo Speech
Generator, Version 3.1.2).

The Amerlican printing House For The Blind.
(1986). :

[{computer program] KY: Street Electronics
Corporation (Echo Speech Generator, Version
3.1.2).

Street, Levieux & Kory. (1985), Math Level 5:
Groupling. [computer program] CA: Street
Electronics Corporation (Echo Speech
Generator, Verslion 3.0).

Street, Levieux & Kory. (1985). Math Level 6:
Tens (computer programl] CA: Street

Electronlcs Corporation (Echo Speech
Generator, Version 3.0).

Street, Levieux & Jory. (1985). Math Level
12: Subtraction (computer programl] CA: Street
Electronics Corporation (Echo Speech
Generator, Version 3.0).

Street, Levieux & Kory. (1985). Math Level]l 8:

[computer programl] CA:
Street Electronics Corporation (Echo Speech
Generator, Version 3.0).

Street, Levieux & Kory. (1985). Math Level 9:
Subtraction With Borrowing. [computer
program] CA: Street Electronics Corporation
(Echo Speech Generator, Version 3.0).

Street, Levieux & Kory. (1985). Math Level
14: Computatlion 12C. [(computer programl CA:
Street Electronics Corporatlon (Echo Speech
generator, Version 3.0).
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Y)

The American Printing House For The Blind.

(1986>. Math Drill Hard. (computer program]
KY: Street Electronics Corporatlion (Echo

Speech Generator, Verslon 3.2).

Street, Levieux & Kory. (1985). Math Level

11: Computatlon 11c. [computer program] CA:
Street Electronics Corporation (Echo Speech
Generator, Version 3.0).

PROGRAMS WHICH WERE EXCLUDED

Street, Levieux 8 Kory. (1985). ZAP.
fcomputer program] CA: Street Electronics
Corporatlon (Echo Speech Generator, Version
3.1, a 017".

#* Program disgplays the word "ZAP" on the
screen and falls if user makes an error.

Street, Levieux & Kory. (1985). Math Level 4.
[computer program]l CA: Street Electronics
Corporatlion (Echo Speech Generator, Version
3.0, A 015.

# Program reads "Unldentifliable Error In
300"at the beginning of the program.

Unknown. (1981). Lipes [(computer program]
MINN: MECC Distribution (Elementary Volume 9,
Geometry).

# Program |s based on graphic lilustrations
only.

Unknown. (1981), Triangles. [computer
program] MINN: MECC Distribution (Elementary
Volume 9, Geometry).

* Program is based on graphic lllustratlions
only.
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The Amerlican Printlng House For The Bl ind.
(1985>. _Math Leve] XVIII: Math Facts.
[computer program) KY: Street Electronics
Corporation (Echo Speech Generator, Verslion
3.1).

# Program does not read the questions It only
reads the Instructlions.

Street, Levieux & Kory. (1986). Gettlina Good
. [computer programl CA: Street

Electronics Corporation (Echo Speech

Generator, Version 3.0).

# Program’s instructions are based on visual

fllustrations only.

Street, Levieux & Kory. (1985). \J 3
. [computer program]

CA: Street Electronics Corporation (Echo

Speech Generator, Version 3.0).

* Questlions are based on visual lllustrations

only.
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APPENDIX 11
Apple Il - Plus output of
the three cluster analyses
(as per Higginbottom, 1980)>

N.B. Program attributes are referred to
in the computer output as “constructs’
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b) Cluster Analysis: Content & Instructional Quality

TOF-RIGHT IS CORRELATICON MATRIM )
I'IAGONAL IS5 SUMMED RELATIONSHIFG
EJTTOM-LEFT IS INIIV. RELATICNGHIFE
Z-TAIL F:p ¥=55, ##=170. NN=DF.1

CONETRUCT -

R1 FZ 3] R4 RS Ré& r7 &
F1 4.42:.95.- —:.:_1_ N -—.5:_' - A | -.71 =14
Rz 37.64 4%, 3& -144% LIEA .50 ] . TE
RZ =7.0% - €34, 36 ~14 4 =P - -9
F4 &4, 62 95. 11 93,9 411, 22 0 ul .9
RS S0, 57 &4q.,62 1,92 I 233, 41 i -.21
R S0, 57 0 91,52 ( 1y 200, 3 .21
R7 99,12 57.97 ¢7.35 R, £ 4.44 4.44 299, &
R& 95,34 Su. a2 99, 3¢ 3.47 =2, 85 2,85 0 331,27
RS (] ( 27,09 29,89 0 0,57 w7.64 7788
CONSTRLICT

R
k1 ]
Rz G
K] .52
R4 -. 55
RS o
Rt -.71
R7 .61
Fe ~-. 88

Ry 223,08

CONETRUCTS IN ORDER OF
CONTRIBUTIGN TG VARIANCE:
1 2 4 72 8 5 @ &

COMFONENT 1 - FRINCIFAL CONSTRUCT IS NC.3
INCLULED IN GRUER OF IMPORTANCE
ARE CONSTRUCTS:2 4 7 & 5 €

COMFONENT 2 - PRINCIFPAL CONSTRLUCT IS NO.1
INCLUDED IN ORDER OF IMFORTANCE
ARE CONSTRUCTS:? &

COMPONENT & — FRINCIFAL CONSTRUCT IS NO.9
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c) Cluster Analysis: Motivation

RV VY R S Mo m el e e

[

TOF-RIGHT IS CORRELATI(N MATRI
DIAGONAL IS SUMMED RELATIONSHIFPS
BOTTOM-LEFT IS INDIV. RELATIONSHIFS
Z-TAIL P: #=5%, *#=1%, NN=[F<1

CONSTRLUCT

g R1 Rz R R4 RS RE

{ R1 3453.0% SO 14 a -. &3 i

§ Rz 98,89 344,37 1+# -.13 ~a PEF .71

§ R 9. 74 . SE 351,85 . 7€ - T .17

? F4 o .47 57.97 DE. 26 -. 32 =5
RS TE. T F1.0X F1.53 10.04 =70. 43 ER-A-Aak
R& 71,73 S0.92 2. 25 24.77 Qg. 21 249,08

CONSTRUCTS IN ORDER OF
CONTRIEBUTION TO VARIANCE:
5 2 1 2 & 4

COMPONENT 1 - PRINCIPAL CONSTRUCT IS NO.S
INCLUDEL IN ORDER OF IMPORTANCE
ARE LONSTRLUCTS: R = &

COMPONENT = - PRINCIFAL CONSTRULCT IS NOL 2
INCLUDED IN QRDER OF IMFORTANCE
ARE CONSTRUCTS: 2 2

COMPONENT 3 - PRINCIFAL CONSTRUICT IS 00,4
NO RELATED CONSTRLICTS
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APPENDIX 111

SAMPLE OF PRETEST AND POSTTEST
(The number inserted into the boxes followling each item
is the number of subjects who responded
with the given rating.)
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NUMBER:
SESSION:

PRETEST (1988)

YOUR ANSWERS TO THESE QUESTIONS WILL GREATLY HELP
IN MY STUDY OF THE COMPUTER PROGRAM YOU WILL BE
WORKING WITH.

ALL THE INFORMATION YOU GIVE WILL BE ANONYMOUS.
ANY QUESTIONS BEFORE WE BEGIN?

SECTION A: PLEASE TELL ME THE ANSWER TO THE
FOLLOWING QUESTIONS

2. 55 - 41

S. 21 + 44 =

6. 19 - 10

7. 23 + 65

8. 41 - 30
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10.

11,

12.

13.

14,

15.

16.

17.

18.

19.

20.

28

46

19

35

38

26

29

19

28

37

27

17

10

21

12

70

16 =

40

13 =

16

22

THANK YOU FOR YOUR HELP!
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i
f
t
i
3
¢
5
5
‘J
5

TR A

NUMBER:

SESSION:
POST-TEST (1988)

TO COMPLETE THIS STUDY, I WOULD BE GRATEFUL FOR
YOUR ANONYMOUS RESPONSES TO THESE QUESTIONS.
ANY QUESTIONS BEFORE WE BEGIN?

SECTION A: PLEASE TELL ME WHICH STATEMENT BEST
DESCRIBES YOUR ANSWER

1. PLEASE GIVE ME YOUR OVERALL OPINION OF THE
MATH COMPUTER PROGRAM YOU HAVE JUST USED.
2 D IT WAS VERY GOOD; VERY USEFUL
3 D IT WAS GOOD; IT WAS USEFUL
D IT WAS NOT VERY GOOD; I DIDN‘T FIND IT
VERY USEFUL
1[1 IT WAS NO GOOD; NOT USEFUL AT ALL.

SECTION B: PLEASE ANSWER EACH QUESTION.
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 Co it SR o et

10.

11.

12.

13.

14'

15.

16.

17.

i8.

19.

20.

21.

29

26

38

35

19

46

28

28

41

23

19

21

13

47

55

28

15

70

12

21

10

17

30

65

10

44

26

35

41

49
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SECTION C: PLEASE TELL ME WHICH STATEMENT BEST
DESCRIBES YOUR ANSWER.

22. Do you llke to be Informed of what you will
be learning In a computer lesson?

5[] like it 1E:hlsllke it 3 don’t care

23. Do you dislike working on the computer by
yoursel £?

4[] like It 1[]dlsllke it 1E]don’t care

24. Do you llke |t when math computer programs
provide you with Instructions?

5[] like it l[Jdisllke it [] don‘t care

25. Do you dislike It when math computer programs
call you by name?

sl]1ke 1t aisiike 1t 1L kon’t care

26. Do you like to type in an abbreviation (such
as y for ves) Instead of typing In the whole word?

SD like it D disllke |t IELion’t care

27. Do you disllke |t when a math computer

program repeats a question?

ST:I like |t D disllike |t 1Ddon’t care

28. Do you like math computer programs to pralise
you when you get the right answer?

5[] llke 1t [:] disllke it 1[]don’t care
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29. Do you dislike 1t 1f a math computer program

tells you lf you make a mistake?

J:] llke |t ltjdlsllke It J:]don’t care

SECTION D: PLEASE TELL ME WHICH STATEMENT BEST
DESCRIBES YOUR ANSWER.

30. Do yvyou find math computer programs ask

difficult questions?

21:] ves ID no :iD about right

31. Do you find math computer programs give you

enough time to answer the questions?

1[] ves d:] no [] about rlght

32. Do you think computer programs are able to

help you In math?

J:] yes J:] no 2[] about right

33. Do math computer programs let you have enough

trles per answer?

J:] yes é:] no J:] about right

34. Do you find math computer programs

interesting to use?

4:] yes [] no J:] about right
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SECTION E: PLEASE TELL ME THE ANSWER TO EACH
QUESTION.

35. What sex are you?

4D male ZD female

36. How old are you?

3D 7-9yrs. 3D 10-12 yrs.D 13-15yrs.

37. What grade are you [n?

1D 4th ZD Sth SD 6th

38. What Is your visual aculty?

39. If you have a visual impalirment, what caused
your loss of vislon?
ZD birth 4D natural r_—l accldental

loss loss loss

40. Do you have a computer at home?
1D yes SD no

1f yes, brand name?

41. Do you use a computer at school?

SD yes D no

1f yes, about how many hours per week do
you spend using a computer?

1[da 201-2 D2z 13-4 34

hr. hrs. hrs. hrs. hrs.

121



42. Do you take math as a subject?

6[] yes D no

43, Have you ever used a math computer program?
d Jyes [no

1f yes, what did you think of the program?

SECTION F:PLEASE TELL ME WHICH STATEMENT BEST
DESCRIBES YOUR ANSWER.

44. Would you be interested iIn using computer

programs for all your subljects?

4D yes 2[]. no D maybe

45, How much do you enjoy math?
D quite alot ZD alot 4D not very D not at

much all

46. Is getting better at math important to you?
4[] very Zunlte D not very D unimportant

Important important important

47. How good do you think you are at math?
D very 3D good 3D not very D poor

good good
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APPENDIX 1V
INSTRUCTIONS TO THE EXPERIMENTER
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APPENDIX 1V
INSTRUCTIONS TO THE EXPERIMENTER

‘Treatment flidelity’ refers to the extent to which
the testing procedures are implemented according to the
investigator’s specifications (Borg & Gall, 1983). In
order to prevent experimenter blas In thls cespect the
investligator wrote precise instructions for the
experimenter to follow. As a further precaution, the
investigator placed reminders within the directlions for
the experimenter to follow each step preclisely as
indicated and not to change any procedure. The full
instructions to the experiments are gliven

1. The subject should be alone with you in the room,
all materials and equipment should be readlily
avallable.

2. Write down the subjects assigned number on the
pretest In order for the author to be able to
identify the supnject. Write down the date of the

gsession.
3. Read the Instructlons written on the pretest to
the subject: "Your answers to these questlions

will greatly help me In my study of the computer
program vyou will work with. All the Information
you give will be anonymous. Any questions before
we begin?"

4, Please do not provide any details about the test
Items to the subject. As well, please try to keep
your tone of volce constant when reading the
items so that the subject can not infer any
preference for an answer.

5. Read the followlng instruction written on the
pretest before asking the test ltems: "Please tell
me the answers to the following questions."

Please note: The subjects are allowed to use
any method they want to compute the
questions, except use of a calculator
or abacus. Please do not provide
them with any assistance.

6. Begin reading the test ltems, permitting the
subject as much time as possible to answer each
question. Once the subject responds, record the
answer directly on the pretest beside the
question. You can repeat a gquestion as often as
necessary. It Is very Important that you do not
change the order of the gquestlons. Please follow
thlis format until the last question of the
pretest.

124



10.

11,

Load up the assigned math software program. Begin
by inserting the diskette iInto the diskdrive.

Turn on the computer by pressing the switch In the
back of the compucer. To turn on the monitor,
press the switch either found at the bottom of the
gscreen or on the side. The red llght on the
diskdrive Indlcates that the program is being
loaded. At this point, have the subject sit In
front of the computer where he/she can have access
to the keyboard. Inform the subject that it will
be the software program which will provide the
rest of the Instructlion. Please do not slt close
to the subject while the program is In operation.
Even though the instructions for each program are
different, you do not need to supp!y the students
with any addlitional Instructions since all three
programs can be operated Independently by the
subjects. If the students are experiencling
difflicuity when using a program, please do not
interfere. Rather tell the sublects that you are
unable to help and that they must flgure out the
problem on thelr own.

Once the subject has followed the Instruction
until the duration of the program, turn off the
computer by pressing the switch at the back of the
computer. You may also turn off the monitor by
pressing the switch at the bottom or side.

Write the subject’s assigned number and date of
the session on the posttest. Read the followling
Instructlions written on the posttest to the
subject: "To complete thlis study, I would be
grateful for your anonymous responses to the
folliowing questlions."

I1f there are questions, i1t must be emphasized
again that you must not provide any informatlion
about the posttest’s ltems. Begin by readlng the
first question at a very slow rate. You also need
to read the four possible responses, please pause
slowly after each one to avold confusion. Once a
subject has chosen an answer, place a checkmark In
the approprliate box next to the answer on the
posttest.

For Section B of the posttest, please follow the
exact steps as adminlstered In the pretest.
Please ensure that you do not change the order of
the questlions.

125



12'

13.
14,

15.

16.

For Section C, the instructions written need to be
repeated: "Please tell me which statement best
describes your answer." Read the question and
proceed to read the three possible responses.

Wailt for the subject to respond and record the
answer by placing a checkmark in the approprlate
box .

For Sectlon D, the same procedures are followed.

Sectlon E iIs gathering factual information.

Please read the Instructions written to the
subject: "Please tell me the answer to each
guestlion." It 1s not necessary to read the
possible answers to the subject. Rather record
the answer the subject provides you with by
placing a checkmark In the approprliate box.
Question 42 comprlises of two questions. The first
question’s resronse Is elther a "yes" or "no", In
whlich you record the subject’s answer be checklng
the approprliate box. The second question reaqulires
that the subject provide a statement. Please
write down exactly what the subjects says on the
l1ines provlided.

In Section F, you need to repeat the lnstructlons
which are written: "Please tell me whlich statement
best descrlibes your answer." Apart from reading
each ltem, you also need to read the posslible
answers each ltem contains. Record the subject’s
response by placlng a checkmark In the
appropriate box.

P'ease thank the subject on my behalf for his/her
time and assistance. Gather the testing materlals
and escort the subject to his/her regular
classroom.

I wish to take this opportunity to thank you, the
experimenter, for all your valuable assistance.
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