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The effects of computer-mediated text on measures of

reading comprehension and reading behavior*

DAVID REINKING
Rutgers University
ROBERT SCHREINER

University of Minnesota

THIS STUDY investigated a theoretical connection between computer technology and current
understandings of reading comprehension. Current models of reading emphasize that reading
comprehension is an active cognitive process requiring the reader to interact with text-based
information and to monitor comprehension in a quest for meaning. The options for interact-
ing with text displayed on the printed page are limjted by conventional print and the reader’s
internal strategies. Hypothetically, computer technology might influence these processes by
manipulating text in ways not available or feasible on printed pages. To explore this possibil-
ity, intermediate-grade good and poor readers read short expository passages in four experi-
mental conditions which varied as to the medium of presentation (the printed page or the
computer), the availability of computer-mediated textual manipulations, and whether the
computer or the reader controlled these manipulations. A three-way analysis of variance on
passage comprehension scores revealed main effects for reading ability and treatment as well
as a significant Passage Difficulty x Treatment interaction. Results indicated that computer-
mediated text can influence reading comprehension and that comprehension was most con-
sistently increased when manipulations of the text were under computer control.

Les effets de textes étudiés par lintermédiaire dordinateurs sur les mesures
de compréhension de lecture et dattitude de lecture
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CETTE ETUDE a examiné un lien théorique entre la technologie d’ordinateurs et les ententes
courantes de compréhension de lecture. Des modeles courants de lecture soulignent le fait
que la compréhension de lecture est un procédé cognitif actif qui exige du lecteur qu’il
réagisse a partir de I'information tirée du texte et qu'il contrdle la compréhension dans un
objectif significatif. Les options concernant I'interaction avec le texte arrangé sur la page
imprimée sont limitées par la matiere imprimée conventionnelle et les stratégies particulieres
au lecteur. De manicre hypothétique, la technologie des ordinateurs pourrait influencer ces
procédés en manipulant le texte de fagcons non disponible ou realisable sur des pages impri-
mées. Afin d’explorer cette possibilité, des lecteurs bons et médiocres de cours intermé-
diaires ont lu de courts passages narratifs selon quatre conditions expérimentales qui
variaient d’apres le moyen de présentation (page imprimée ou ordinateur), la disponibilité des
manipulations textuelles par intermédiaire d’ordinateurs, et selon que I'ordinateur ou le lec-
teur contrélait ces manipulations. Une analyse a trois voies des variantes des résultats de
compréhension de passages a révélé de principaux effets pour la capacité de lecture et le
traitement aussi bien qu'une interaction de traitement de difficulté de passages significative.
Les résultats ont indiqué que le texte étudié par I'intermédiaire d’ordinateurs peut influencer-
la compréhension de lecture et celle-ci augmentait considérablement lorsque les manipula-
tions de texte étaient sous le contréle d’ordinateurs.

* The dissertation upon which this article is based was among the 10 finalists in IRA's Outstanding Dis-
sertation Award 1983-84 competition. A paper based on the dissertation was presented at the 1985 IRA
Annual Convention in New Orleans.
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Los efectos de textos intercedidos por computadoras en medidas de
comprension de lectura y de conducta lectora

ESTE ESTUDIO investigé una coneccidn tedrica entre tecnologia de computadoras y conoci-
mientos actuales en comprension de lectura. Los modelos de lectura actuales enfatizan que la
comprensién de lectura es un proceso cognoscitivo dindmico que requiere que el lector in-
teraccione con la informacidn del texto y ejerza control de su propia comprensién en la bus-
queda del significado. Las opciones para interaccionar con un texto presentado en una pagina
impresa estdn limitados por la imprenta convencional y por las estrategias internas del lector.
Hipotéticamente la tecnologia de computadoras puede ejercer influencias sobre estos proce-
sos mediante la manipulacién de textos en maneras no disponibles o factibles en pdginas
impresas. Para explorar esta posibilidad lectores de buen y de bajo aprovechamiento en lec-
tura de grados intermedios leyeron pasajes expositivos cortos en cuatro condiciones experi-
mentales que variaron en cuanto al medio de presentacion (pagina impresa o computadora),
la disponibilidad de manipulaciones del texto intercedidos por la computadora, y si la compu-
tadora o el lector controlé estas manipulaciones. Andlisis de varianza en tres direcciones en
los puntajes de comprensién de los pasajes revelaron efectos principales para habilidad lec-
tora y tratamiento al igual que una interacci6n significativa entre dificultad del pasaje y el
tratamiento. Los resultados indicaron que textos intercedidos por computadoras pueden in-
fluenciar la comprension de lectura y que la comprensién aumenté mas consistentemente

cuando las manipulaciones del texto estuvieron bajo el control de la computadora.

As an alternative medium for presenting
text the computer encompasses a unique set of
technological attributes. These attributes may
combine in a unique fashion to influence cogni-
tive processing during reading. Although in
some ways the presentation of text mediated by
a computer is currently more restricted than tra-
ditional print (e.g., the amount of text which
can be displayed at one time on a computer
screen is currently more limited than on the
printed page), a number of previously unavail-
able manipulations are attainable. Employing a
computer program to control the presentation of
text (computer-mediated text), therefore, may
influence reading comprehension. The intent of
the present study was to select a set of manipu-
lations which have potential for more actively
engaging young readers in processing exposi-
tory text by externalizing certain variables pre-
sumed to influence comprehension.

Text manipulations have included advance
organizers (Ausubel, 1963), inserted questions
(Rothkopf, 1966), pictures (Samuels, 1970),
and adjacent-to-text glosses (Otto, 1980). Re-
search on how these manipulations might in-
crease learning from text has provided mixed
results (see reviews by Anderson & Biddle,
1975; Barnes & Clawson, 1975; Hartley & Da-
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vies, 1976; Otto, 1980; Schallert, 1980). Ap-
parently the complex interactions among
readers, texts, and reading environments de-
crease the probability of enhancing comprehen-
sion via these manipulations (Tierney &
Cunningham, 1984). This difficulty is exacer-
bated when one considers the relatively static
nature of text mediated by the printed page.
Textual manipulations which have arisen from
the technological attributes of the printed page
do not permit adaptation to individual readers
nor do they insure that readers will choose to
use these adjunct aids efficiently in their read-
ing and study (Reinking, 1985). Inserted ques-
tions, for example, have been shown to have a
deleterious effect on the recall of information
not addressed in the questions (Anderson &
Biddle, 1975; Hartley & Davies, 1976).

The technological attributes of the com-
puter may permit a more interactive flow of in-
formation between the reader and the text. In
this study the computer was used to mediate text
in an individualized fashion and to monitor and
assist an individual reader experiencing com-
prehension difficulty. It was hypothesized that
using the computer to provide such contingen-
cies would facilitate reading comprehension.
Further, it was hypothesized that providing op-
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tions for intermediate-grade readers to interact
overtly with the text would encourage more ac-
tive processing of the text.

The latter hypothesis is derived from re-
search findings which suggest that younger and
poorer readers do not actively monitor or spon-
taneously apply strategies to enhance their own
comprehension (Brown, Campione, & Barclay,
1979; Flavell, Speer, Green, & August, 1981;
Garner, 1980; Harris, Kruithof, Terwogt, &
Visser, 1981; Markman, 1977; Owings, Peter-
son, Bransford, Morris, & Stein, 1980; Paris &
Meyers, 1981). Although metacognitive strate-
gies are employed less often by younger and
poorer readers, these readers do employ the
same range of reading strategies as more profi-
cient readers (Olshavsky, 1977). Research also
suggests that these readers require minimal
prompts to stimulate appropriate metacognitive
activity (Bos & Filip, 1982; Wong, 1979). Be-
cause it can alter the normal contingencies of
independent reading and study, the computer
might be used to stimulate more metacognitive
activity among these readers and therefore af-
fect comprehension.

Several studies involving high school and
adult readers have demonstrated that using the
computer to mediate expository text can affect
comprehension. Anderson et al. (1974), for ex-
ample, used a computer to regulate the indepen-
dent reading of college students in economics
classes. Students whose comprehension was
monitored by the computer scored significantly
higher on final exams than did students who
read and studied on their own. L’Allier (1980)
used a computer program which automatically
lowered the readability estimates of expository
text and revised passage structure on the basis
of reading time and responses to comprehension
probes. The comprehension of low-ability high
school readers under this condition was equal to
high-ability readers reading text which was not
adapted. Using the computer to mediate reader-
activated glosses, Blohm (1982) found that col-
lege students recalled more idea units than did
students reading text on the computer without
glosses. McConkie (1983) has reported positive
results in using a computer program which pro-
vides a pronunciation of unfamiliar words when
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they are touched on the computer screen. Non-
literate adults using this program were able to
read and understand material above their esti-
mated instructional reading level. The present
study was conducted to extend these findings to
intermediate-grade good and poor readers read-
ing expository text under various conditions of
textual mediation.

The technological attributes of the com-
puter permit nearly limitless variations in the
textual manipulations which can be brought un-
der the control of a computer program. In se-
lecting how the computer will be used to
mediate text, therefore, theoretical guidance is
necessary (Wilkinson, 1983). In the present
study, criteria consistent with current under-
standings of the reading process guided the de-
velopment of the computer programs which
mediated the text to the reader. Of primary im-
portance was the selection of computer-medi-
ated textual manipulations which would allow
the reader to interact overtly with the text in a
search for meaning.

Presumably, the difficulty in externalizing
interactions between the learner and text-based
information is a factor which makes learning
from written text often more difficult than
learning from a teacher. Spiro (1980) and
Schallert and Kleiman (1979), for example,
have argued that teachers can more readily tai-
lor a message to specific needs, activate rele-
vant background knowledge, focus attention on
what is important, and monitor comprehension
by checking for understanding. Rubin (1980)
has also offered a taxonomy of differences be-
tween oral and written language which suggests
that a reader must ascertain meaning on the ba-
sis of fewer tangible referents. The computer
was employed in this study to allow intermedi-
ate-grade readers to interact overtly with written
text in ways which are normally available only
during oral communication.

Listeners free to interact with a presenter of
expository information may request several cat-
egories of information to address comprehen-
sion difficulty. Some examples include requests
for the definition of key vocabulary, a para-
phrase, or less technical version of the content,
supplemental background information or illus-
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trations, and some representation of the con-
tent’s structure which separates the main ideas
and the supporting details.

Each of these requests has a counterpart
when considering the comprehension of written
text. Each is also a recognized factor in reading
comprehension research. For example, the rela-
tionship between vocabulary knowledge, com-
prehension, and text difficulty is well
established if not well understood (cf. Anderson
& Freebody, 1981; Coleman, 1971). The sim-
plification of text and its effects on comprehen-
sion have been studied in relation to traditional
readability formulas (Klare, 1984) and more re-
cently in terms of coherence (Beck, McKeown,
Omanson, & Pople, 1984). The effects of a
reader’s background knowledge on comprehen-
sion have also been the subject of theoretical
speculation and experimental research (Ru-
melhart, 1981). Finally, the formulation of a
gist has been studied in relation to passage
structure and the integration of information
units into hierarchical representations (Filmore,
1968; Grimes, 1975; Kintsch & van Dijk,
1978; Meyer, 1975).

The computer was used in the present
study, therefore, to mediate text relative to these
four categories of comprehension factors. Sub-
jects either requested or were provided with (a)
definitions of key vocabulary; (b) a simpler, less
technical version of the text; (c) supplemental
background information; and (d) passage struc-
ture in the form of the main idea for each para-
graph. The inclusion of these options in the
computer-mediated text permitted readers to in-
teract overtly with the text in a manner not eas-
ily replicated with conventional print
technology (Reinking, 1985).

Using the computer to mediate text also
permits the examination of reading and study
factors not readily addressed when a reader is
confronted with conventional printed materials.
First, the control of textual manipulations can
reside in the computer program or with the
reader. During independent reading of printed
pages, the reader is almost entirely in control of
what portion of a text is attended to and pro-
cessed. The effects of using computer-mediated
text to regulate a reader’s access to the textual
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display or to the availability of textual manipu-
lations is unknown. The research concerning
learner control of instructional content in gen-
eral is also inconclusive (cf. Carrier, 1984;
Steinberg, 1977; Tennyson, 1980). The present
study permitted an examination of this control
factor during reading and study in that treat-
ments represented a continuum from reader
control to program control.

Secondly, allowing a reader to choose spe-
cific textual manipulations mediated by a com-
puter permits a recording of that reader’s
reading and study behavior. One of the vexing
problems of metacognitive research has been
the difficulty in finding valid and reliable pro-
cessing measures (Belmont & Butterfield,
1977; Brown, 1980). Introspective or retrospec-
tive reports (e.g., Olshavsky, 1978) may not
always be valid (Brown, Smiley, & Lawton,
1977) and may also interfere with normal read-
ing processes. Although reliable, measurement
of observable behavior during reading
and study (e.g., Kavale & Schreiner, 1979;
Robinson, 1965) often permits competing ex-
planations of underlying processes. Computer-
mediated text permits readers to select
manipulations of text which they deem useful in
enhancing comprehension. By recording a
reader’s choices, data can be gathered which are
both direct and concurrent to the reader’s pro-
cessing of text. One goal of this study was to
explore the feasibility of using computer-medi-
ated text to monitor the reading and study be-
havior of intermediate-grade readers reading
and studying expository text.

In summary, using the computer to mediate
text may affect reading comprehension because
the technological attributes of the computer en-
able unique manipulations of text. Comprehen-
sion may increase if the computer can be used
to relieve the processing burden placed on the
reader and/or stimulate more active processing
on the part of the reader. Computer-mediated
text also permits the regulation of how text is
presented to the reader. Finally, recording read-
ers’ selections of textual manipulations mediated
by the computer may provide a unique measure
of reading and study behavior.
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Based on the theoretical connection be-
tween the technological attributes of the com-
puter and the comprehension of expository text,
the following hypotheses guided the present
study:

1. The comprehension of intermediate-
grade readers reading expository text
will be affected by using a computer to
mediate manipulations of the text.

2. Comprehension of expository text will
be affected by varying control of textual
manipulations from the reader to the
computer program.

In addition, the following research ques-
tions addressed the feasibility of using a com-
puter to gather data on reading and study
behavior:

1. Will intermediate-grade readers choose
to select computer-mediated textual ma-
nipulations to enhance their comprehen-
sion?

2. If intermediate-grade readers select tex-
tual manipulations mediated by the
computer, which category of manipula-
tions will they prefer?

Method

Design

The present investigation was designed to
permit comparisons among three treatment
groups reading expository text under varying
conditions of textual manipulation mediated by
a computer. A group reading the same text on
printed pages was included to control for unan-
ticipated effects due to reading text with a com-
puter.

The subjects, 104 fifth- and sixth-grade
students, were blocked on the basis of reading
ability and then assigned randomly to the four
experimental conditions. In each condition sub-
jects read six expository passages. Each pas-
sage was followed by six comprehension
probes. A subject not correctly responding to at
least four of the comprehension probes was en-
couraged to restudy the passage before again at-
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tempting to meet this criterion score. Three of
the six passages were classified as low difficulty
and three were classified as high difficulty on
the basis of standard readability formulas. The
control and three treatment conditions varied as
follows:

1. Subjects read passages off line (on
printed pages). No textual manipula-
tions were available (off-line group).

2. Subjects read passages on line (dis-
played by the computer). No textual
manipulations were available (test-only
group).

3. Subjects read passages on line and were
free to choose from among several tex-
tual manipulations which were deemed
useful for enhancing comprehension of
the passages (select-options group).

4. Subjects read passages on line and then
were required by the computer program
to view all available manipulations be-
fore being allowed to continue (all-op-
tions group).

Dependent measures included performance
on comprehension probes after each passage,
number of trials to criterion, and postexperi-
mental scores on a standardized test of reading
comprehension. A three-way analysis of vari-
ance (ANOVA) was used to compare means in a
4 (Treatment) x 2 (Reading Ability) x 2 (Pas-
sage Difficulty) mixed factorial design where
treatment and reading ability were the between-
subjects factors and passage difficulty the
within-subjects factor. A chi-square was used to
test for differences among the categories of ma-
nipulations selected by the select-options

group.

Subjects

Subjects were drawn from an initial pool of
364 fifth- and sixth-grade students in an urban
intermediate-grade school. Only a small per-
centage of these students had any regular oppor-
tunity to use the computers available at the
school. Informal interviews with the subjects
participating in this study confirmed that only a
few had ever interacted with a computer prior to
this study.
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All students in the initial pool were admin-
istered the reading subtests (Vocabulary and
Comprehension) of the Stanford Achievement
Test, Intermediate Level II (Madden, Gardner,
Rudman, Karlsen, & Merwin, 1973). For the
purposes of this study, students who achieved a
score greater than or equal to the 75th percen-
tile (n = 81) were considered good readers.
Students who achieved a score greater than or
equal to a 4.0 grade equivalent and less than or
equal to the 50th percentile (n = 74) were con-
sidered poor readers. Students scoring between
the 50th and 75th percentile (n = 130) were not
used in order to heighten the contrast between
good and poor readers. Students with a score
below a 4.0 grade equivalent (n = 79) were not
used to reduce the possibility that decoding de-
ficiencies might affect experimental outcomes.
Ten good readers and 10 poor readers were ran-
domly selected to pilot the materials and proce-
dures. Fifty-two of the remaining good readers
and 52 of the remaining poor readers were then
assigned randomly to the four reading condi-
tions.

Materials

Passages. The six experimental passages
were adaptations of passages selected from the
Science Research Associates (SRA) Reading
Laboratory rate builders (Parker, 1963). SRA
passages were chosen for the following reasons:

1. The passages were relatively short (140
to 180 words) but could be read in isola-
tion as intact entities.

2. The passages resembled the expository
writing typical of elementary school
texts.

3. Content of the passages was judged to
be unfamiliar to most intermediate-
grade students. Prior knowledge of the
content was presumed, therefore, to be
minimal.

4. Passages had been classified by diffi-
culty.

From the set of passages available in the
SRA reading materials, three less difficult and
three more difficult passages were selected.
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Less difficult passages discussed how hail is
formed, the rotation of the planet Mercury, and
the connection between the need for salt and the
first trade routes. More difficult passages dis-
cussed the Great Salt Lake, the layers of a piece
of film, and the value of pots and pans in early
England. A computer program (TIES Readabil-
ity Utility, Minnesota School Districts Data
Processing Joint Board) was used to compute
the mean readability of each passage on the ba-
sis of seven widely used readability formulas.
The mean readability estimates for the less dif-
ficult passages were grade equivalent scores of
4.9, 6.2, and 4.7. The more difficult passages
had mean estimates of 9.6, 9.0, and 11.2.

A panel of four elementary school reading
teachers aided in the selection of the content for
the four textual manipulations to be offered by
the computer. Each teacher completed a work-
sheet which asked for the following information
about each passage.

1. What 5 to 10 vocabulary words from
this passage would you suggest pre-
teaching to intermediate-grade readers
to help them better understand the pas-
sage?

2. For each paragraph in the passage write
a main idea that could be understood by
an average intermediate-grade reader.

3. What kind of background information
would you teach to help a reader under-
stand this passage?

4. Rewrite the passage so that it could be
more easily understood by an average
third- or fourth-grade reader.

The computer was programmed to offer the
definition of a word used in the original version
of the passage if at least three out of four teach-
ers on the panel had selected it. Main ideas,
background information, and paraphrases were
selected or constructed by the panel as a group
after comparing their independently completed
worksheets. Split decisions among the four
teachers were decided by the experimenter.

Paraphrases of written material may subtly
alter the meaning of the original text (Hansell,
1976) or render readability analysis invalid
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(Klare, 1984). Special care was taken, there-
fore, to ensure that the easier paraphrases of
each passage did not significantly alter meaning
while lowering readability estimates. Teacher
panelists were asked to write easier versions,
but to preserve the original meaning. No refer-
ence to lowering a readability estimate was
made. In addition, a group (n = 16) of average
readers (standardized test scores between the
50th and 75th percentiles) read the revised ver-
sion of each passage off line and responded to
the comprehension probes which had been gen-
erated from the original version. A second
group (n = 16) of average readers read the orig-
inal versions and also responded to the probes.
Unlike subjects in the experimental conditions,
these readers were allowed to refer back to the
text while responding to the comprehension
probes. The means and standard deviations for
the number of correct responses to the compre-
hension probes were computed for each group.
The group reading the original versions had a
mean of 27.6 and a standard deviation of 3.8.
The group reading the revised versions had a
mean of 28.3 and a standard deviation of 3.2. A
t test for independent data revealed that this dif-
ference was not statistically significant, #(15) =
1.12, p>.05.

Finally, readability estimates were again
computed for each of the revised versions. The
mean readability estimates for the revised ver-
sions were lower than estimates for the original
versions. Grade-level estimates for the low-dif-
ficulty revised versions were 4.3, 4.6, and 4.4
respectively. Similarly, the revised versions of
the high-difficulty passages had reduced esti-
mates of 4.6, 6.0, and 5.7 (see appendix for a
high-difficulty passage and its revised version).
These data support the contention that revised
versions of the original passages were equiva-
lent in meaning but less difficult to read than the
original versions.

Programs and apparatus. A computer pro-
gram' was written for each passage which en-
abled a reader to select definitions of unfamiliar
words, an easier paraphrase of the passage,
background information, and the main ideas of
each of the paragraphs in the passage. The spe-
cific content of these textual manipulations was

542

derived from the work of the teacher panel.
Each program enabled the reader to read the
original passage, select from among the avail-
able textual manipulations, and respond to a set
of comprehension probes. In addition, the pro-
gram recorded the selections made by readers
in the course of their reading and study. This
program was used to permit subjects in one of
the reading conditions (select options) to re-
quest help when they experienced comprehen-
sion difficulty. The original program for each
passage was then adapted to create two alterna-
tive versions for the remaining on-line treat-
ments. In one version no textual manipulations
were available; readers were branched to the
comprehension probes when they had finished
reading and studying the passage (test only).
The second version required the reader to view
all of the textual manipulations at least once
prior to attempting the comprehension probes
(all options).

Several Apple II plus (48K) microcompu-
ters were employed to run the programs which
dispensed on-line treatments. Each computer
was interfaced with a standard disk drive and
output was displayed on black and white video
display monitors. Monitors were placed at eye
level a comfortable distance from each subject
who sat in front of the computer. Controls such
as contrast, brightness, and focus were adjusted
by the experimenter to a setting which made
reading comfortable. Control knobs were then
removed to prevent tampering. All text was dou-
ble spaced and used a standard upper- and low-
ercase character set. The maximum amount of
text displayed on the screen at one time was
eleven 40-character lines which were limited to
an area approximately 16 x 16 cm. Subjects
used the standard Apple keyboard to interact
with the computer-mediated text.

Instruments. Dependent measures included
performance on six comprehension probes after
each passage and the Comprehension subtest of
the Nelson Reading Skills Test, Level B
(Hanna, Schell, & Schreiner, 1977) which was
administered 1 week after completion of the ex-
periment.

Comprehension probes consisted of six
multiple-choice items derived from the content
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of each passage and written by the researcher.
The 36 items (across six passages) were consid-
ered a measure of passage comprehension and
were, therefore, constructed to maximize relia-
bility and validity. All items were constructed
following a standard format. Each item required
knowledge of textually implicit information
(Pearson & Johnson, 1972) for a correct re-
sponse. Correct responses were paraphrases of
the text found in the passages in order to test
more validly for comprehension as opposed to
literal recall of the text (Anderson, 1972). Dis-
tractors included information related to but not
found in the text, a key word or phrase from the
passage which had no relevance to the item, and
a response which was false on the basis of infor-
mation in the passage. (See appendix for sam-
ple item.)

Originally 54 items were developed accord-
ing to these criteria. A sample (n = 33) of aver-
age fifth- and sixth-grade readers read the
passages and answered all the questions from
this item pool. Those items not having a point
biserial correlation (responses scored correct or
incorrect to total test score) of at least .25 and/
or having an item difficulty of .90 or greater
were not used. Another sample (n = 30) of av-
erage fifth- and sixth-grade readers was selected
to test remaining items for passage dependency
(Tuinman, 1973). Subjects in this sample were
asked to respond as best they could to the items
without having read the passages. Any items
answered correctly by one third or more of this
sample were eliminated or revised. A split-half
reliability estimate using the Spearman-Brown
formula computed on the remaining 36 items
completed by subjects in this experiment
yielded a coefficient of .90.

Procedures

After subjects had been assigned to the four
experimental groups, each group attended a
separate training session led by the experi-
menter. Subjects were informed that they had
been randomly selected to help the experi-
menter learn more about reading. In each train-
ing session subjects were familiarized with the
operation of the computer and then completed a
sample passage appropriate to their group.

Computers and reading comprehension REINKING & SCHREINER

Subjects reported once a week to a work
area containing several computers. Each subject
was dismissed from his or her regularly sched-
uled classroom activities to complete two pas-
sages at one sitting in each of 3 consecutive
weeks. All subjects working on the computers
were monitored by the experimenter or a
trained assistant. These observers kept students
on task, insured that subjects did not observe
other treatment conditions, and offered assis-
tance when necessary. Little assistance or inter-
vention was needed. Subjects in the off-line
group reported weekly as a group to read two
passages under conditions which were compa-
rable to the test-only group. One week after the
completion of the experimental treatments, sub-
jects were administered the Comprehension
subtest of the Nelson Reading Skills Test
(Hanna et al., 1977).

Although intervening conditions varied, all
subjects initially read the passages and later re-
sponded to the comprehension items under sim-
ilar conditions. All subjects were directed to
read and study each passage until they felt ready
to attempt the comprehension items. In each
condition subjects were required to respond to
six comprehension items after having an oppor-
tunity to read and study the passage. In order to
continue to the subsequent passage subjects
were required to achieve a criterion score of at
least four of six correct on the comprehension
items. After failing to achieve a criterion score
on three attempts, a subject could decide to con-
tinue to the next passage or to try again. The
number of correct responses out of six was re-
ported to subjects, but they were not informed
which items had been answered incorrectly. All
subjects read the six passages in a fixed order:
two low-difficulty passages, two high-difficulty
passages, one low-difficulty passage, and fi-
nally one high-difficulty passage.

Treatment groups varied as follows: Sub-
jects in the off-line condition read passages on
printed pages until ready to attempt the compre-
hension items. At that time, the printed passage
was returned to the experimenter or an assistant
who in turn supplied the subject with six multi-
ple-choice comprehension items. Upon comple-
tion of the six items, these were immediately

543



scored. If four or more of the items were an-
swered correctly, the subject was given the next
passage. If fewer than four were correct, the
passage was returned to the subject who was en-
couraged to read and study it again, returning
for the comprehension items when ready for an-
other attempt. This procedure was repeated un-
til the subject met the criterion or had attempted
the comprehension items three times. At that
time, the subject was permitted to continue to
the next passage.

Subjects in the test-only treatment were ex-
posed to the same conditions as the off-line sub-
jects except that the text, comprehension items,
and reporting of scores were mediated by the
computer.

Subjects in the select-options treatment
read the original version of each passage which
was also mediated by the computer. After hav-
ing read each passage, however, subjects re-
sponded to a question displayed by the
computer which asked them to determine if they
needed help in understanding the passage. If the
response was “no,” a subject was routed to the
six comprehension items. If the response was
“yes,” the computer presented a screen which al-
lowed the subject to select one of the four tex-
tual manipulations: definition of vocabulary, an
easier version of the passage, background infor-
mation, or the main ideas of the paragraphs in
the passage. Subjects were free to select as
many of these textual manipulations as they de-

sired. At any time subjects could also request to
see the passage again until they decided to at-
tempt the comprehension items. Upon failure to
reach the criterion score, subjects were again
presented with these options.

Subjects in the all-options treatment read
the original version of each passage which was
mediated by the computer. They were then re-
quired to view all of the available textual manip-
ulations prior to attmpting the comprehension
items. Each manipulation required a subject to
view information presented in a series of com-
puter screens. To ensure that this information
could not be quickly bypassed, the computer
displayed each screen for several seconds be-
fore a subject could request the next screen. Af-
ter viewing all the available textual
manipulations, subjects were permitted to re-
view any of these manipulations and/or to again
read the original passage. These options were
again available when a subject failed to reach
the criterion score.

Results

Passage Comprehension

Subjects in each experimental condition re-
sponded to six comprehension items after each
of the six experimental passages. A subject’s
number correct out of six items on his or her
first attempt was summed across all six pas-

Table I Means and standard deviations for end-of-passage comprehension scores

Treatment
Off Test Select All
line only options options
Text Difficulty Low High Low High Low High Low High
Good Readers
M 13.7 12.1 10.3 11.2 10.6 12.2 13.9 14.8
SD 2.5 3.4 38 3.6 33 2.7 2.5 2.6
Poor readers
M 7.7 6.4 5.4 6.8 5.8 7.1 8.3 8.9
SD 2.8 2.3 2.1 2.4 3.0 3.4 3.0 2.8
Note. Maximum score = 18. n = 13 for each cell.
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sages for a maximum score of 36 (18 for high-
difficulty and 18 for low-difficulty passages).
Means and standard deviations by experimental
condition, reading ability, and passage diffi-
culty are given in Table 1.

A three-way (Treatment x Reading Ability
x Passage Difficulty), mixed-factorial ANOVA
was employed to test for differences between
means for cumulative passage scores. Main ef-
fects for reading ability, F(3, 104) = 126.55, p
< .001, and treatment, F(3, 104) = 8.23,p <
.001, were statistically significant, as was the
effect for the treatment by passage difficulty in-
teraction, F(3, 96) = 4.00, p < .01. Unex-
pectedly, each of the on-line treatment groups
scored higher on the more difficult passages
while the off-line control group scored lower on
more difficult passages, as would be expected.
This interaction is presented in Figure 1. New-
man-Keuls post hoc comparisons were made
between means for experimental groups within
difficulty levels. Pairwise comparisons for sub-
jects reading high-difficulty passages indicated
statistically significant differences between the
all-options group (M = 11.9) and the select-op-
tions (M = 9.7), test-only (M = 8.9), and the
off-line (M = 9.1) groups. Similar comparisons
for the low-difficulty passages revealed statisti-
cally significant differences between the off-line
group (M = 10.7) when compared to both the
test-only (M = 7.8) and select-options (M =
8.2) groups. The all-options group’s mean score
on low-difficulty passages (M = 11.1) was also
statistically different from the test-only and se-
lect-options groups.

Several explanations might account for the
unanticipated interaction between treatment and
passage difficulty. For example, passages iden-
tified as more difficult by readability formulas
may have been less difficult due to factors not
tapped by these formulas. Although this expla-
nation fails to take into account the performance
of the off-line group, it would explain the con-
sistent pattern of the remaining on-line groups.
To test this possibility a ratio was computed
which compared for each subject in the select-
options condition the number of requests for
textual manipulations to the number of tests
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Figure 1
Treatment by passage difficulty interaction on
end-of-passage comprehension scores

................ High Difficulty

12.0 4 e LOW Dt f1cu Ity

MEAN NUMBER OF ITEMS CORRECT

\ Y
Select - All-
Options Options

+ u
oft- Test-
Line Only

TREATMENT

taken. A ratio was computed to equalize the ef-
fects of those readers who requested many ma-
nipulations because they repeatedly failed to
meet the criterion score and those readers who
requested many manipulations independent of
their performance on the comprehension items.
A larger value would thus indicate a greater
density of requests per passage.

Presumably, if readers were sensitive to
differences in passage difficulty, the density of
requests for help from the computer would be
higher on those passages which had been classi-
fied as more difficult. Means and standard devi-
ations for these ratios by reading ability and
passage difficulty are given in Table 2. A two-
way, mixed-factorial ANOVA performed on
these data revealed a significant main effect for
passage difficulty, F(1, 24) = 4.41, p < .05.
The observed difference between good and poor
readers on request density was not statistically
significant, F(1, 24) < 1.00. Both good and
poor readers free to request textual manipula-
tions, therefore, chose to do so more often on
the high-difficulty passages. These data suggest
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Table 2 Means and standard deviations for the
ratio of options selected to tests taken

Reading Ability

Passage Good Poor
Difficulty Readers Readers
Low

M 1.2 1.1

SD 0.8 0.6
High

M 1.6 1.3

SD 1.2 0.7

Note. n = 13 for each cell.

that subjects reading the passages classified as
more difficult found them to be of greater diffi-
culty as indicated by the greater number of re-
quests for assistance in comprehending these
passages.

Postexperimental Comprehension

One week after the completion of the last
experimental passage all subjects were adminis-
tered the Comprehension subtest of the Nelson
Reading Skills Test. Means and standard devia-
tions by treatment and reading ability are pro-
vided in Table 3. A two-way, completely
crossed ANOVA computed on this data revealed
a significant main effect for ability, F(1, 96) =
118.70, p < .001, and a significant interaction
between treatment and ability, F(3, 96) = 3.05,
p < .05.

Newman-Keuls post hoc comparisons were
made between means for experimental groups
within ability levels. All pairwise comparisons
for good readers were statistically nonsignifi-
cant, p > .05. The difference between poor
readers in the off-line condition (M = 25.5) and
the select-options condition (M = 18.5) was
statistically significant. This unexpected finding
suggests that the comprehension of poor readers
using the computer to select the given textual
manipulations may be negatively affected by
this condition, at least when compared to read-
ers reading text off line.

Manipulations Selected

To determine the extent to which subjects in
the select-options condition selected textual ma-
nipulations and which, if any, of the manipula-
tions were preferred, the computer recorded the
number of requests for each manipulation. The
results were tabulated and are displayed in Table
4. Good readers requested a mean of 2.3 manip-
ulations per passage, and poor readers selected
a mean of 3.2 manipulations per passage. Com-
paring good and poor readers on the ratio of
manipulations selected to tests taken (Table 2)
reveals, however, that the greater number of se-
lections made by poor readers can be attributed
to the greater number of attempts needed to
achieve a criterion score. Thus, poor readers
had more opportunities to consider the selection
of textual manipulations.

Table 3 Means and standard deviations for Comprehension subtest: Nelson Reading Skills Test

Treatment

Reading Off Test Select All
Ability line only options options
Good Readers

M 32.1 32.1 335 33.9

SD 3.1 3.6 2.5 3.1
Poor Readers

M 25.5 19.7 18.5 23.4

SD 5.6 7.5 7.7 5.8

Note. Maximum score = 38. n = 13 for each cell.
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Table 4 Options selected by subjects in the select-options treatment

Options
Easier Main
Vocabulary Version Background Idea Reread Total
Good Readers
n 36 44 49 38 14 181
Probability .20 24 27 21 .08 1.00
Poor Readers
n 56 52 59 50 30 247
Probability .23 21 24 .20 12 1.00

Note. Values based on selections by 13 good and 13 poor readers across six passages.

A chi-square was computed to test for pref-
erences among the five categories of textual ma-
nipulation available in the select-options
condition. The analysis revealed no significant
differences in selections between good and poor
readers on the five possible options for textual
manipulations, X4, N = 428) =3.22,p >
.05. The chi-square for selections across read-
ing ability, however, indicated significant differ-
ences between the number of choices for each
category of manipulation, X*(4, N = 428) =
28.23, p < .001. Finally, the number of selec-
tions in each category of textual manipulation
was individually compared to an aggregate of
all the other options selected. Five separate chi-
square analyses were generated from five null
hypotheses which stated that no difference ex-
isted between the selection of one category of
textual manipulation and the remaining four
categories (Edwards, 1969). These analyses re-
vealed that additional background information
was requested significantly more often, X3*(1,
N = 428) = 7.05, p < .001, and rereading
was requested significantly less often, X*(1, N
= 428) = 26.17, p < .001, than other op-
tions.

These data reveal that subjects given the
opportunity to do so, independently chose to se-
lect textual manipulations mediated by the com-
puter and that across all six passages subjects
chose the background manipulation more often
and rereading (at least after initial reading and
study) less often than other manipulations.
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Trials to Criterion

To further explore the effects of computer-
mediated manipulations of the text, means for
the number of trials to criterion were compared.
Each subject was required to obtain a score of at
least 4 correct out of 6 on the comprehension
items before continuing to the next passage. For
practical reasons off-line subjects were given
the next passage automatically if their third trial
was not successful. On-line subjects could
choose to continue or to try reading and study-
ing the passage again after their third failure. To
standardize this measure across experimental
conditions, a failure on the third trial was re-
corded as four trials to criterion regardless of
the number of attempts made after this trial.
Means and standard deviations for trials to cri-
terion by experimental group, reading ability,
and passage difficulty are given in Table 5.

Although this measure is not independent
of scores achieved on the first trial, it does per-
mit a more direct comparison of reading under
conditions permitting textual manipulations (se-
lect options and all options) and those more typ-
ical of normal text (off line and test only). If
textual manipulations were beneficial in helping
a subject comprehend the text, some of the ben-
efit may be realized only after a subject is con-
vinced that they are needed to enhance
comprehension by virtue of an initial failure to
meet the criterion score.

A three-way, mixed-factorial ANOVA was
computed on means for the number of trials to
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Table 5 Means and standard deviations for trials to criterion

Treatment
Off Test Select All
line only options options
Text Difficulty Low High Low High Low High Low High
Good Readers
M 4.0 4.7 5.8 5.1 6.1 4.7 3.7 3.8
SD 1.8 1.7 2.9 1.8 2.6 2.3 1.4 1.3
Poor readers
M 7.8 8.7 10.8 10.2 9.6 9.1 8.4 6.8
SD 32 2.6 1.5 1.9 2.4 2.7 2.8 2.2

Note. Maximum number of trials = 12. n = 13 for each cell.

criterion. This analysis revealed significant
main effects for treatment, F(3, 96) = 7.86, p
< .001, and reading ability, F(3, 96) =
130.41, p < .001. A Newman-Keuls test of all
pairwise comparisons between treatments
yielded a statistically significant difference be-
tween the all-options and test-only treatments.
In addition, Scheffé’s comparison procedure
was used to compare means for the off-line and
test-only conditions to means for the select-op-
tions and all-options conditions. This compari-
son was nonsignificant, p > .05.

These data complement the finding that the
all-options subjects scored higher on the com-
prehension items after the first trial. Subjects in
the all-options condition scored higher on their
initial attempt on the comprehension items and
required fewer trials to meet the criterion score.
The availability of computer-mediated textual
manipulations alone, however, does not appear
to account for this difference. Subjects in the
select-options condition did not require signifi-
cantly fewer trials when compared to conditions
in which manipulations were unavailable (off
line and test only). The difference in the mean
number of trials to criterion between groups
with options for help (select options and all op-
tions) and groups without options for help (off
line and test only) was also nonsignificant.
These findings suggest that under the condi-
tions of the present experiment computer con-
trol of manipulations was more effective than
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simply making manipulations available for
reader selection.

Discussion

Findings suggest that the comprehension of
intermediate-grade good and poor readers can
be affected by providing textual manipulations
mediated by a computer. The interpretation of
these effects is constrained, however, by unan-
ticipated interactions and the performance of
on-line subjects when compared to subjects
reading passages off line.

In response to the hypotheses which guided
this study, results indicate that the comprehen-
sion of a particular set of expository texts can be
affected by variations in textual manipulations
mediated by a computer. However, this effect
appears to be more a function of using the com-
puter to control the reader’s exposure to textual
manipulations rather than simply making tex-
tual manipulations available for reader selec-
tion.

For both high- and low-difficulty passages
subjects who were required to view all of the
available manipulations obtained scores which
were significantly higher than on-line subjects
who had no manipulations available. The ad-
vantage of the all-options subjects was also
more pronounced for high-difficulty passages
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in that for these passages they scored signifi-
cantly higher than subjects in the select-options
condition. Although end-of-passage scores
were higher for the select-options group than
for the test-only group, these differences were
not statistically significant. The lack of a statis-
tically significant difference on the trials-to-cri-
terion measure between conditions with and
without textual manipulations (off line and test
only vs. select options and all options) also sup-
ports the notion that computer control ac-
counted for the superior performance of the
all-options subjects.

These results can be interpreted in light of
metacognitive theory and technological attri-
butes of the computer which may be employed
to mediate text. Perhaps intermediate-grade
readers, as metacognitive theory suggests, are
less adept at managing the contingencies of
their reading and study and therefore benefited
from the external control provided by the com-
puter. As is suggested by the data in this study,
this conclusion is more strongly supported
when text is more difficult. This interpretation
suggests that the computer might provide
unique opportunities to manage a reader’s inter-
actions with text during independent reading.

Using the computer in the select-options
and all-options conditions may have encour-
aged readers to process more deeply the mean-
ing of the text by structuring their exposure to
designated textual manipulations. Additionally,
the computer may have helped readers monitor
their comprehension by externalizing process-
ing variables which some readers ordinarily ig-
nore. Because a minimum study time was
imposed on subjects in the all-options treat-
ment, the likelihood of meaningful interactions
with the text was also increased. Further re-
search is needed to investigate these possibili-
ties.

There is no evidence that the relatively lim-
ited exposure to computer-mediated text in this
study had any positive effect on a general mea-
sure of reading comprehension. In fact, the
mean test scores on a postexperimental stan-
dardized test of reading comprehension indi-
cated that poor readers in the select-options
condition had significantly lower scores than
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did poor readers in the off-line condition. Be-
cause this finding is problematic from a theoret-
ical standpoint, more research is needed to
determine if this is a spurious finding or
whether computer-mediated text under some
conditions may interfere with the comprehen-
sion processes of poor readers.

Conclusions drawn from a comparison of
the three on-line treatments require qualifica-
tion when the performance of the off-line group
is taken into account. On high-difficulty pas-
sages the performance of the off-line group was
consistent with the test-only condition which
also did not permit textual manipulations. The
unexpected interaction between passage diffi-
culty and experimental condition, however, re-
flects the fact that on low-difficulty passages the
mean score of the off-line group was signifi-
cantly higher than both the test-only and select-
options groups (see Figure 1). Apparently,
comprehension of low-difficulty text under the
conditions of this study is achieved as well or
better when reading text off line as opposed to
reading under any of the on-line conditions.

This conclusion invites further speculation
in that the only difference between the off-line
and test-only conditions was whether the text
was presented by the computer or the printed
page. One explanation may be that the novelty
of reading text which was mediated by a com-
puter interfered with comprehension processes
on low-difficulty passages. The fact that most
subjects in this study had never used a computer
before contributes to this possibility. Con-
versely, interest in reading generated by this
novelty might explain the fact that on-line sub-
jects scored higher on the more difficult pas-
sages. Interest has been shown to be an
important variable in reading comprehension
(Asher, 1979) and in predicting the readability
of text (Klare, 1984).

Finally, evidence in the present study sug-
gests that both good and poor intermediate-
grade readers may be prompted to interact with
the meaning of expository text when the com-
puter is used to mediate a selected set of textual
manipulations. Data collected by the computer
during the reading and study of subjects in the
select-options condition indicate that these
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readers attempted to enhance comprehension by
freely selecting textual manipulations mediated
by the computer. For reasons which are difficult
to determine from the present study, subjects re-
quested background information significantly
more often and rereading significantly less often
than other textual manipulations. The differ-
ence in the mean proportion of manipulations
selected when compared to number of test at-
tempts between high- and low-difficulty pas-
sages suggests, however, that subjects’
selections were at least partially guided by their
comprehension needs.

In sum, the present study points to potential
applications of computer technology in mediat-
ing written text in ways which may affect com-
prehension. Because the printed page has been
the dominant medium for representing text-
based information since the inception of written
communication, a consideration of alternative
media has not been relevant to research into
reading and learning from text. The advent of
computer technology and the capability to
achieve previously unavailable manipulations of
print may, however, significantly affect typical
reading behavior and the processing of written
text.
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APPENDIX

Pots and Pans (original high-difficulty passage)

Pots and pans were once considered to be precious pos-
sessions. In the fourteenth century, during the reign of
Edward III of England, the pieces of cookware —iron pots,
griddles, spits, and frying pans — were numbered among the
king’s jewels. They were difficult to come by and, being
rare, were extremely valuable; when the monarch went on a
journey or made a visit, the pots and pans traveled along in
a separate coach.

By the time Henry V, Edward’s grandson, ascended the
throne in the following century, the royal frying pans were
made of silver, and so were the roasting spits.

The kettles at Westminster during the early sixteenth
century, when Henry VIII held the throne, were “copper-
gilt” and quite lavishly decorated with chasing. The handles
of the cooking ladles were chased with the royal arms, and
one of the two-pronged toasting forks is known to have been
topped with an ornate metal ball.

Sample comprehension item

Pots and Pans (revised version)

Many years ago few people had pots and pans. Because
there were so few pots and pans, they were very dear to peo-
ple who owned them. They were as valuable as jewels. That
is what Edward the Third thought. He was king of England
in the 14th century. Edward’s iron pots and pans even went
with him on trips. They traveled in their own coach.

Edward’s grandson, Henry the Fifth, became king in
the 15th century. His kitchen now had cookware made of
silver.

In the 16th century Henry the Eighth was king. In his
home at Westminster his kettles were covered with copper.
The cookware was now covered with beautiful decorations.
Beautiful lines were cut into the metal. Even the handles of
scoops were decorated this way. A picture that stood for the
king was cut into each handle. The end of one roasting fork
was also decorated with a fancy ball.

In the 16th century what made the king’s cookware dif-

ferent from earlier cookware?
1. It was made of silver.

2. It was more greatly decorated.

3. It was now kept in the kitchen.

4. It was no longer owned by the king.
(The correct response is 2.)
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