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that children were best at answering the kinds of questions that teachers

Inference Training

1
. The Effects of Inference Tralning and °

Practice on Young Children's Comprehension | ‘

n

‘Several years ago, Guszak (1972) reported a study in which he found

o

asked most often; teachers tended to ask rather direct ''literal' comprehen-

,.‘-.—..

sion questions about four times _as often as inferential or interp:etjve
questions, students in Guszak's study performed much- bettef—en lxteral than

inferential or interpretive questions. The results of that study have always

intrigued us because it is pot clear whether the students' superior perform-

ance“on literal comprehension probes was due to the fact that such questions
are inherently easier to deal with than are infegentia! questions or,.alter-
natively, because ssudents simply get much gfeater oppurtun[;y to practice
answering such questions. We have always wondered whether it would be
possible via instruction to alter children's facility to deal with inferential
comprehensinn probes. Further, we wondered whether praciice in answering
a steady diet of Inferential questions would be sufficient alteration, or
would suchk practice result in only a surface mindses that would not transfer
to other.situatiops?' Maybe an alternative approach would be to provide
trateiné--in contrast to simple practice--in the process of inferencing.
“Until reeently, however, we were reluctant to undertake such an
experimental endeavor, largely because we had no well-motivated way of
explatning any cenceivable set of results we might obtain and because we

had few, if any, operational guidelnnes for distlnguishung between Interal

and Inferentjal"questnon probes. Recent developments in the study of

cognitive processes Involved in text comprehension and iaferencing and in

0
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the technolog* of question probe development have provided the theoretical

framework into which such a study might be set. - : i

Consequently, we set out to investigate whether or not direct inter-
~vention strategies in the form of alterations in the questioning environment
En‘which students spend their jnstructional-timé would:result in systematic

thanges in their-ability to establish inferentia' relationships.

Qur framewoyk is derived metaphorically if not directly from notjons_
that have been developed re;ently to explain comprehension and memory pro- )
cesses (e.g., Schank, 1972; Minsky, 1975; Ruﬁelhart & uUrtony, 1977; and
Anderson, 1977). What has been so appealing within these “Scheia theories"
are the procedures that they hypothesize" for éxplaininé how new information |
(e.g., tgét.which might come from a text) is meshed with existing kngwledge
(i.e., those knowledge structures that comprise a reader's long tetm memory)
in the process of cohprehension.

Of particular interest }s the explanation of inference within schema
theory. Tﬁe most common kind of inference, slot filling, works like thié.l
'~-f In order for an idea in a text to be underétﬁod, it-has to iéstantiate a

schema (a general knowledge structure) in the reader's long term memory. For

~ example, sentence (1) might Instantiate a building schema (atong with a

carpenter schema and some affective schemata like pain, etc.).

-

(1) The carpenter became angry when he hit his thumb inctead -
of the nail.

.. Texts are never _completely specific in reporting an incident (we admit =

that our example is particularly sketchy). Authors seldom report what they
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think readers already know. Notice that in (1) the instrument for the

hitting is unspecified. Yet most adults and children would probably respond
“hammer' if asked question (2). | .
(2) What did the carpenter hit his thumb with?

This would occur even though the lnstrument is unspecified in the text

precisely because when the building schema was nnstantiated (by cues like

woeereree {5)-0 Business -had been-slow. since.the oil crisis.. ..

carpenter and nail), the default assignment” for the instrument slot within

KN

the bgnlding_ggﬁgpa_was hammer . Hence, in the act of schema instattat:on,
a lot of excess bagyage (in the form of default assignments of values
to slots not specified by the text) gets carried along and brought into

focus or readiness for further processing. That this is true can be dem-

‘onstrated by the puzzlement we would invoke if sentence (1) were followed

by sentence (3) in the text,

(3) "I've just got to get a new rock,' he murmured to himself,
or our disbelief if (1) were followed by (4),

(4) '"1've just got to get a new saw,'' he murmured to himself.

Default assignments to variable slots not specified in a text represent
our best guesses about what should fit with the.schema we have instantiated
or brought fnto focus. The practice of assigning default values is
ubiquitous. We can hardly process ?Ljfftence of text without doing so.

Cohsider what happens to you when you read sentence (5), from Rumelhart

(in press).



A g ot e e o+

inference Training

N k.

‘You can hardly resist the temptation to fill the general business schema

with a particular type of business, such as automobile, fuel, recreation,

~etc. But notice that other cues. In the text, pariicularly the values that

fi11 other variable slots, influence the particular default value that we.
will assign to an unspecified variable slot. So if sentence (6) follows

sentence (5), we fill our business slot with a value different from that

‘we would use if sentence (7) follows sentence (5~ T T o
(6) Nobody seemed to want anything elegant anymore.

(7) Nobody seemed to want to travel ver§ far from home anymore.

"~ (6) predisposes people to fancy cars; (7), to the recreation industry. The

point is that d2fault assignment is not made independently of the text.

- In fact, knowledge in our long-term memory Interacts.with the information

| w{th an acknowledgement of its plausibility and some suspicion about its

in the text to tune these assignments; often we find that as we read further,
we must alter our original assignments to resolve a contradiction with some
new information.

With respect to adults, we might resbond to this account of inference
'tmportance. Afte} all, on what other basis can adults make inferences save
by reference to their existing knowledgef But with children the matter is
not so simﬁle. First, we would admit that children's more |imited store of
prior knowledge would make such slot filling inferences less probable.
Second, we might question either their ability or inclination to draw such
inferences at all. In other words, can they? And If they can, do they do

SO spontanebusly?



.versions.of a passage, one complete and the other missing a key item. of
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That adults can and do draw such.inferences in the process of compre-

hension is well supported in the literature. Kintscn (1974) developed two

information. Comprehension was checked 20 minutes after the reading.

"-Latency for answering questions requiring“the”missing item of information

did not differ across versions. Kintsch concluded that the textual information

vy e

had not been stored in memory in intact textual form. Instead Tt'was Tnté- '~
grated with existing knowledgé structures during the enching\process; thus,
the implied information was as '‘ready' as the ekplicit information when
comprehension was checked. Frederiksen (1975) gave adults different sets

of direét§ons prior fo reading passages. He tound that su?gequent written
recalls varied asia function of prereading d%rections. Both of these
studies have Beén iqterpreted as supporting a constructive view of memory;
i.e., that interpretation of incoming data occurs at the point when it is
encoded ingo memQry. However, the issue.of when inferences are made, at
encoding or retrieval, is not settled. Certainly the work of Spire (1977)
suggests tha; many inferences can be drawn at retrieval; and the work of
Bartlett- (1932) as well as tﬁe Frederiksen study cited earlier (1975)
suggest that memory for a text is characterizedrby mere intrusions irom
prior knowledge as the time interval between read%hg and recall increase. ‘
ﬂﬁile there-may be some debate over when inferences are made (at gncoding‘or
retrievai), the common element }n all these studies is that inferences are

-

an ipevitable nart of the comprehension process:

~7
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if inferencfng is a necessary process involved in comprehension,’ then
children must possess this skill. Studies about children's fnferencing
skills have suggested that tbeybdq differ from adults'. Many édugatoqs
have believed for some time thét thg;difference is qualitative; children.
are not capable of"drawing the same types of inferences as adults (Piaget.

Iinhelder, & Szeminsko, 1960;°Bioom. 1956). However, this contention is

currently viewed with some degree 6?”3bupt."*ﬂﬂ?EH%TEFEHEE‘ﬁé?'Bé“ﬁUéﬁ-“" -

titative. Two main avenues of research have led to this tentative conclu-
.slon. However, the two lines of research draw alternative conclusions

regarding why children make fewer in?arengés than adults.

-

One avenue of research has been pursued by Trabasso and his colleégues._

Trabasso, Nicholas, Omanson, ahd Johnson (Note_]) proposed -a taxoncmy of
Inferences utilized by children In.cbmprehending stories. One of gheir
goals was to discover Qhether the development of infergntial abitity is

a function of the conteﬁt_of a child's schemata. Omanson, Warren, aﬁd
Trabasso (Note 2) found th; effect of prior knowledge to be prominent. Two
groups of ch: idren, ages five and eight, were tested, gnd it was found that
when equivalent levels'of°veridical recall of text occurred, the.eight~year-
old children did draw more inferences than the five-year-olds. Since infer-
ential limits were not due‘to memory limi;s, Omanson et al. hypothesized
that they-were a consequence of insufficient prior knowledge. !n other
words, young children do not lack the ability to draw inferénces, nor do

they lack memory capacity. What they often lack is prior knowledge which,

in turn, may limit thei- ability to draw an inference in aparticular siﬁuation.

@
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Afother series of investigations has been conducted by Paris and his

*

e . .
associates. Paris and Lindauer (1376) presented seven-year-old children
with sentences such as (8) and (9).

(8) Our neighbor-unlocked the door. (implicit Instrument version)

(9) Our neighbor unlocked the door with a key. (explicit instruuient
version)

-

~Ha%ffoﬁwthe-children—;eceﬁve&éthanimpllcit_iastnumenx_netslon_and_half___“ b

received the explicit version. Testfng consisted of presenting either
explicit or fmplicit cues and asking the children to recall the sentences.
The children who had been given the implicgit lnstrumeét versions were notﬁ
able to recall the sentences when the cues (e.g., 522) were providéd. A
follow-up study was @ successful attempt at "rigging'' the setting so that
the children acted out implied rglationships.” For example, upon béing- ) -
presented the sentence in the implicit instrument version, the studént
was asked tg dramatize the agtion. However, the word Egz'(which would
be the cue used later for testing) was not mentioned. Following the

- dramatizations, these children understood the implicit versions as wel)
as others understood the explicit. The authors concluded that young chil-
dren Jo nét spontaneously build semantig relationships even though they are
capable of doing so. These children did possess the necessa}y background K a
knowledge to draw the required inferences, but they did not spontanecusly
integrate the new fnformat!on with the old.

Thus, two'pASsible explanations have been offered'fo explain the
. quantitative differences between adult and child infereﬁtlaT'pe?FofmdnieF- f

extent of prior knowledgp and spontaneity in drawing inferences.

~
\‘l‘ d
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Brown (1977) bélieves\that the skills which are not used spontaneously
need to be induced in children. In order for them to use the%r.knowledge.
the;<mus; employ processes of predictiﬁn..b!anning, checkirna, and monitoring.
According to Brown, research needs to focus on the development of programs

that will train children to apply these processes. |t seems that children

“'spontaneously draw inferences in their daily actiQitieé; they begin anaiyzing

similaritie& and differences when Jheyare Lnfant»s—.n—uewevea—the:ytdo_q‘not“
make these tnferenqes'és consistently when confronted with.reading tasks.

The two inter!gntion methods teste& in the present study emanated from
Brown's suggestion that w; need to create within children the realization
that they must and can draw inferences between print and prior knowledge.

One method in the present study, thé Strategy Method, was ssecifically
intended to capitatize on the importance of prior. knowledge aﬁa‘to induce’
spontaneity by incre;sing in the éhildren“an awareness that théy can make
infere .ces vetween their previous gxperiences and the stories they reéd.

The method utilized is consistent with Pearson and Johnson's (1978) recommen-
dation that predictions prior to reading help to highlight &he students
related knowledge, thﬁs increasing the likelihood that while readiﬁg they
will consgious&y try to integrate text and prior knowledge.

Two recent intervention studies were intended to systematical!y
capitalize nn students' extralinguistic knowledge as a means of improving
comprehension. Prlor to readlng passages, Swaby’ (1977) presented sixth

grade children with a written statement desig:ied to create a connecting

‘ » 16
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tlnk between thelr possible previous experiences and the text. The procedure
did not faiflitate comprehension nor, specifically, lnferenttal comprehenslon.
Swaby dtd find ho@gver. that a prereading treatment of helping students under-
stand key concepts in the passage facil!tated the post-reading comprehension
of low ability students. Schachter (1978) added ;hé dimension of discussion

f to the prereading actlvit!es. His fifth grade stadents d-scussed questton:

-uhich used the word xgg,as~:he_mgans_of ggg§;~_g_gqnnecti ng links between _

. previous experiences and the main tdeas of the upcoming stories. He found ',
that the proceduré enhanced inferential but not literal comprehension on
‘ quegtions.From the Instructional storles. ‘However,--standardized test scores
] were not affecf;d.

Thus, only 1imited suPport has.been found for Iimproving comprehension
.wy employing.prereading activities which_foéys on relating prior knowledge
to text. } ;, .

The other Instructional method utilized in the present‘%tudy, the Ques-
tion Method, was iﬁtenaed t&zinduce spontaneity of inferencing by providing
considerable pract!ce in answerlqg Inferential questions. Guszak'(l9725
found that readfng teachers, whén asqug discusslion questions, asked inferen-
tial qhest?ons only about 15% of the time. One explanation .for the poor per-
formance of chlldren on inferential questions In tests (Natiopal Assessment
of Educational Progress, 1976) may be that they receive insufftcient practice
in such tasks. |If considerable practlce is provided, the ability to draw ln-
ferences may improve: Also, If ch!ldren anticipate questions which require

'*"tnfééfifTEﬁ.‘they'mayfdévglép”h'hfﬁaéet“féyérd’print which focuses on inter- —

pretation rather than remembering facts. Such an approach also seems

-
L4
’ -t 1 )
| ) \) ) N - . ‘ L
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reasonable In the light of m&ch recent research suggesting ;ha; the single
most potent factor in the instructional environment is gnga@ed time on.task
(Rosenshine, 1978). | ) .
Considerable research. has been conducted on the effectiveness of various
_.leve[s of questions upon comprehensionl B}oom (1956) delineated a hierarchy

of question types:which has-Leen utilized and modified for-nearly 25 years.

—___Many correlational studies have attempted to establish a relationship between

some of these levels of questions and achievement. Medley (1577) reviewed
teacher-effectiveness research and éonqluded that low SES students i~ grades .
K=-2 benefit from low-level questions, but that no pattern emerged regarding
high SES children. | |

Winne (1979)‘re01ewed 17 experimental studies concerned with the
effects of‘higher cognitive versué factual questions on student achieve-
ment and concluded that question type makes little difference to student
achievement. This was considered to be'significant b ause there seems to
be much professianal consensus that'tea;her questions have a major impact )
on achievement. Aqdre (1979) concluded that only when the questions lead
the learner to processi;he materia’ in ways she/he would not otherwise
have done will such questions influence learning. |

Thus, It Is questiznalie vhether a method which involves the use of
higher-level questioning can succced. However, if the intent is to
improve inferential abllity, then gractice in éstab]ishing relations should
be more oroductive than practice in remembering facts.

" "Atthough the -findings from varicus research studles regarding children's

inferencing ability is mixed, certain predictions seem plausible vis-a-vis

0  | : 13
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the presen£ exﬁeriment. Extrapolating from the work of Brown, Trabasso

and his cqlleagues. and Paris and his associates;fqp reasoned thét.aApre-
reading strategy thic- focused on making cornections between prior knowledge _
and information in print would heighten children's awareness of iﬁferencing
possibilities, thus increasing the iikelihood that they would draw

}nferencés spontaneously. Second, arguing from the time on task position,

. we thought thatfincreas}ng the number of opportunities that students had

to draw infereﬁces mightaalso increase théir spontaneous inferential behgyior.

- Third, we thought that this focus on inferenc'ng present in hoth treatments

would result in superior processing of information explicitly stated in

integration between prior knowledge and text rather ﬁhan an exclusive emphasis

§n prior knowledge. Hence.khe manipulation of textual information‘requi}é;

in inferencing should result in better comprehehs!on'ofAthat information
itself. Fourth;.we antjcipatéd that while we qpuld alter children's spon-
taneous inferencing behavior, we would not be ablezto eradicate.the prior
Jknowledge effect (cf. Omanson et al.,, Note 2). Hence post treatment transfer
effects would né; be as st}ong in unfamiliar as ghgy would be in familiar

i material. Fifth, we anticipated that this same growth tn inferential.behavisr,

" relative to a control group receiéing a diet of literal probes, might not

+be sufficient to/wipe out. the difference researchers have found between -

-~

performance on literal and inferential coﬁprehensipn probes. ’

v

17_
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Method
. »  Subjects

. The subjects were 24 second.grade students attending one elementary
school in a middle class suburb of St. Paui, Minnesota. Two criteria were
establ ished prior to selecting the studeﬁts~ (a) the children were ali to
‘be reading at ghe same ipstructional level; and (b) they were all to be reading
at, or slightly abové:ﬁgrade level. Teacher judgment and individual assess-

' nents administered by the school's reading supervisor determined which 24

| chiidren from a pool of 30 second grade children would participate. The

‘o students were divided into three instructional groups of eight children each.

Taa___ﬂ_dulhe experimental condition (S;rateqy, Question or Control) was randomiy

assigned_to each intact group.

instructional Procedure

As indicated there were three treatment groups. The Strategy group
differed from the other two primarily in the focus on integrating text and

ef\ prior knowledée information p}ior to reeding.' The Question-group's primary

-

focus was a steady diet of inferential questions. The Control group received
a traditionzl mix of literal to inferential probes (about 4:1).

Each group met daily with.one of the experimenters as teacher. A total

-

of ten stories was taught (each over a period of four days), with all groups '

_receiving identical vocabﬁlary Introduction on Day Ope (See Table 1).

- Insert Table 1 about here. ¢

Day Two consisted of an introduction to the story. For the Question

-, . -

.. and Control groups, suggestions in the teacher's manual were followed. For

- .o ¢ - .
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the Strategy Greup Day TWo.was the day during wh{eh,fts eniqqe'treatment
was administered. The_strategy'was based upon A weaving analogy: weavln§
new information into old information already existing in one's-brain.; In
order to>meke the analogy graphic for the young children, eaeh child recefved
two concrete devices: (a) a piece of grayibaper (his/her brain) which was
slit into three strips and tE) three strips of brightly colored paper tow
rzpresent new know}edge. The_experimentef selected three main ideas from
the story and introduced them one at a time via a two-step brocedure:
First, a question was asked whuch related to some possible previous experi-

ences of the children and second the children were required to hypothesi ze

something similar that might happen in the story. After oral responses

o to the first questlon, eech'chffd"Feéa;dea—hfs/her oﬁﬁ~e§§e;:ence on the

~.

e ey - - =

first strip of his/her brain. Then hypotheses pertaining to the story were '
-discussed and each child wrote his/her hypothesis.en one of the colored .
strips. Also, at each session the strategy of~rela£ing the new to the known
. was reviewed .as an abstract concept. As a follow-up actieity'the‘children
“wove the colored strips into their "‘brain." ‘
Day Three consf;ted oﬁ.ghe guided reading of the stories with the
focusdbeieg en the difference betWeen the questions asked of the groups.
The questions asked of the Strategy and Control groups ‘were formulated by.
’ (a) tabulating the suggested questions in the teachers manual to derive
the percent of literal/Inferential probes, and {(b) if the questions did,notc :
~ correspond to the prevalenf (Guszak, 1972)_ratio of approximately 4:1,

gquestions were altered to echieve that proportion. Minor changes were made

for approximately half of the stories. The Question group received its

15
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experimental treatment during this.guided reading. All of the questions

requiring inferences that were asked of the other groups were used, plus

all of the literal questions used by the other groups were rewritten to

require inferences. After reading the story, all students completéd“seatwork.

in the form of a ten-question worksheet (cf. page 17). . .

| _Each of the three types of_tfaining queéfions fs illustrated with respecth

to a .segment of a passage used in the training. Example (10) is the passage

éegment (Clymer & Vilscek, 1969, p. 35)._ (11) is a literal item used by . |

the Control group, (12) is an inferential item used by the Question group, -
and (13) represents an item used by the Strétegy group. | |

(10) Three men came to get their hair cut, but Stanley barked at them.

'Thé*Bafber"1b6keH;HE7U?TTTém} MHoy," he said. "Isn't that your A
dog?" o
""No," he sald. '"'He Jjust followed me. He lives next door."

_ MWell," the barber sald, ''that dog is keeping people out of my

N : shbp. There are people here ahead of you, but 1'11 cut your hair
now." . . . |

- _ "™t (your haircut) looks fine," Father said. "You weren't gone
long. fhat¥s what a boy can do when he decides to hurry."

~ "Mt's the barber who hurried most of all," said William.
(1) what did Stanley do when three men came to get their halr cut?

(12) ° Why did Stanley bark:- at the three men?

([3). Think of something.you did that you didn't tell your parents.
What didn't William tell his father?

Day Four consisted of fﬁe skf]l/phon1c aéiiyities that were suggested

“'* In the mancal and which followed the curriculum of the school.

LA 2 . s T
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All groups useH the materizals normally incjuded in the district program,
the Ginn 360 bésal neédingrprogram. Workbook pages, wogkéhegts, Magic
Circle books, and games that were corréléted with the stories were usgd

with all groups’in order to make certain that the only differences among

- the three groups involved the unique treatmehts administered to each.and

to maximize. the ecological validity of the setting in which the treatments

were administered.

Testing Materials

h)

Experimenter designed pretest measures. Prior to the experiment,

each student read two storiés and answered 20 comprehension questions -

following each story. There were two kinds of questions: literal and .
inferential. Thelprocedures foq dgyeloping and écoring these questiadé\

were the same as those used for the e;perimenter desigﬁed posttest, and

are described below in the section dégling with thatlposttest%(cf. pp. 17-19).

The pretest was given to further corroboréte the equivalence of  the

> groups on behavior dermane to the treatments. When an ANOVA was con-

ducted using a correct/incorrect criterion for séqring responses, no

- significant differences among the groups were found, £j2,21)2-51.986, E_> 105

e

even s0, we were concerned about possible advantages for the Question group

(M = 20.50) ovér the Strategy (M = 16.38) and Control (M = 16.38) groups.

In addition, an ANOVA performed uslhg a second scoring scheme which weighted

responses to inferencequestions-on a 4 point scale (cf. p. 19) indicated

-'that~there were important and statistically significgnt djfferences‘among

the treatment groups, F(2,21) = 3.95, g;< .05, ﬁrQQest = 4l 75,

17
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M Cont. = 38.38, and M Strat - 3k 50. In other: words, one of cur proposed

Te

exper;mental treatment groups was particularly adept at inferential behavior;

the other, particularly inept. Consequently analyses of posttest measures

. were run using both ANOVA and znaiysisof covariance (ANCOVA) techniqugs, ﬁith

pretest scores and weighted pretest scores as covariates for posttest
measures.

Comprehension guestions following the instructional stories. Experimenter-

designed worksheets, which consisted of ten questions per story, were analyzed

for the last five instructional stories. The first five stories were not

‘analyzed on the grounds that any treatment effects would not have had time

to take effect. Each set of ten questions consisted of two expl!cit questions,

S —— e T §triaran T

e P v

tw6¢fn¥éréht}5i two strategy, and four parallel to each treatment Thg
explicit, lhferenttal, and strategy questlohs were constant across groups

but had h;t been askhd during any previous discussions. The four parallel
questions were different for each group and were repetitions of questnons

asked in previous discussions wcth that group.‘ They were int;nded to reinforce
the instructlonal treatments. The following directions were given to the
children: '

These questions are about the . - story. Some of

these questions are identical. to queStions that our groupjf
has already answered and some are different. Please read '

the questions and carefully write the answers. |If you need

“help, please ask me. Mrs. . (the teacher 4 e

supervising tHer independent work) will nqt be able to help
you with these sheets. Please do your very best.

All responses were scored as either'torrect or incorrect. An inter-judge

percentége of agreement of 92 was attained for the scaring.

+*

1o N .
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Experfmenter-de§jgned posttest. An experimenter-designed test was

administered individuaily to all the children. Each child read si!eﬁtly
two expository seléations which differed in terms of the familiarity of
the tépic; one being more familiar and the other less. The original
familiarity differences were made intuitively but these differences were
confirmed by a&mtnisteﬁiﬁg an eight-question prior-knowledge test two weeks
" prior to the reading of the selections. -Significant test-scores QEGFerences ¢
favoring the fami!far topic were found on the prior-knowledge testst
'Fhe stories were selected from end-of-first grade basal readers not
used in the'participgtlng_school.L The'reyiséd Spache formula was applied
to all the stories,'and‘they were judged to be of reasonably equal difficulty.
Af~——+—»~—»The~st0Fies~weﬁé-a4teredwwhen n;;essary_in_prd&ﬂ.to&achlevemequsl-length
(approximately 250 wofds). A'primafy typewriter was used to type théem in "
similar formats of 2% pages each. \
The children read each story in a‘separatg session after being given
the following oral directions:

-

| have a story about for you to read to

yourself. Flease:read it carefully and don't hurry. If
you don't: know some of the words, you may ask me. When you
are finished, return it to me and | will ask you some
questions. Pleasg-do your very best.

The éxperimenter_recorde& all responses to 20uoral,,open-ended compfe-
%ension questions following'each story. Ten questicns could be answered by
relterating ihformat}on éxplicitly st§téd in the text (literal) and ten
required inference to prior knowledge. The two types of probes were inter- y

spersed to reflect the. sequence of the story.. The literal questions were

.‘q- . . ) 19-

Aruntoxt provided by Eic: .
A T <>
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generated according to Bormuth's (1969) procedure for generating wh-
transformetlons of story.statements. ;
Inference questions were generated using the following paradigm:

(1) Text segments were identified for which.we felt the text provide

useful explanation of the phenomenon ip_gﬁestion.n;ﬂ;} Based upon our own
knowledge o§ the topfc; Wewgeneréted what we felt was a useful explanation.
(3) We asked three judges toS}ate the usefulness of these augmertations

in undefstanc‘ling the selection (their average rating on a scale from 0 to

5 was 4.0 for all seleceions). (4) We then used Bormuth's proeedure to
generate & question which tapped the relation between the.statement actually

in the text and our auémentation. it should be added’that_students never

mwmuumumW“macgualxy,sawﬂghemaungntatiens;.;hey.were.u&gd_Qn‘Y:FQ_EQSHEE_??mparab"ifY

R e e s ety e R T R

-

of question generation procedures acrcss literal and irferential items.
These two item types are illustrated with respect to text (14), an

actual portion frum one of the posttests. The itali;i;ed portions represent

. Y

the augmentations‘added to the text in order to create inference items.
Question (15) is a literal item; (16), an inference item.

: ~ (14) Many dogs learn to work for man. A good work dog'is not hard
to train. But a trainer must work with him from the time he is |
just a pup because if he waits until the dog .is older, the dog .
will have already developed other habits which would Have to be

unlearned.
(15) How hard is it to train a eood work «dog?
(16) Why must a trainer work with a dog from tbe-time he is just.e.pup?
The answers were scored using two different sets of criteria.: For

" the first analysis all answers were coded as being either éorrect ‘or incorrect.

.2-0




' . Inference Training

13

v

A reliability check yielded an inter-scorer percentage of agreement of 90.

" The split-half reliability of the total test was .743.

_for the secgnd analyslis, -the following five-point scale was used to

score ‘the inference questions:

4

On the

‘A correct answer: The answer is a reproduction of, or is synonymous
to, the inserted. inference statement.

A correct answer: The answer is based upon the inserted inference
.statement but is somewhat broad, ‘specific, or incomplete. It -
relies too heavily on either text or prior knowledge, rather than

a balanced integration of the two.

An incorrect answer: The answer is related to the inserted inference
statement but totally omits reference to either script or text;

i.e., na inference was drawn.

An incorrect answer: Such as copying from other parts of the text
or a "'wild guess."

g

No response. :

categorization of responses, the obtained inter-scorer percentage of

agreement was 89.7.

v Free-recal! measure. A free-recall measure was administered }ndividually

L3

at the conclusion of the study. Each student read silently an end-of-grade-

one basal reader expository selection. These instructions were given orally:

A

1 have a story aboutéfgbg for you to réad to yourself. . If you

don't know some of the words, you may ask me. When you are

finished, return it-to'me and | wi!l ask you to tell me every-

thing that you can remeﬁber about the story. Also, tell me
anything thattthe story made you think of. Please do your very best.

The students' recall protocols of the story were taped and later transcribed.

3

2%
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Before the analysis'could be done, a template proposition base was
esgab!ished for the text (Turner & Greene, Note 3). 'Then scoring was accomp-
lished using a "form of fecall" analysis in order to asse;s the prevalence
of inferences. The forms‘qf recall were: (a) textual information (facts
repéated from the text and facta‘attained by comkining parts ofothe text){

(b) scriptal (knowledge-based) information (scriptal-textual inferences and

 scriptal elaborations), and (c) intrusions (any erroneous statements).

Each student's version was loosely analyzed rather than propositionally
segmented. Regarding the categorization of recall segments, the obtained
agreement between two independent judges'was 92%.

Reading Test of the-Stanford Achievement Test. The vocabulary and"

reading comgrehension subtests of the Stanford Achievement Test, Frimary

Level 1, Form A, were admiristered to the 24 students as a large group at

the completion of the experiment.

* Results

For most, but not all, of the posttest measures three separate analyées

were conducted: (a) a straightforward analysis of varlance (heregfter,

ANOVA), (b) an analysis of covariance using correct/incorrect scores from
the experumenter designed pretest (hereafter, ANCOVA), and (c) an analysis
of covariance using weighted implicit scores from the pretest (hereafter,

welghted ANCOVA).

Cg@prehen§ion_gpestlons FolléwiggﬁInstructlonal-Stories

The unadjusted and adjusted means for these aﬁalyses are reported in

Table 2. For this dependent measure, -separate analyses were conducted for

-

o

4'4
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each of the three question types using scores cn the two common quesfions

“of each type summed across the last five instiuctional stories. .,

----------- ‘mMermmmmmmm - -

Insert Table 2 about here

LT T ¥ L ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ) anam e ana.

The ANOVA revealed a significant effect for trcatment on the inference
questions, F(2,21) = 12.149, p < .01, with the fol]owin§ means: M Strat =
7.00, M Quest = 5.75, E_Cont = 3,50 (see Table 2). The Newman-Ktes post
hoc.prbcedure computed at the .05 level of significance revealed no differ-

ence between the Strategy and Question groups, but each experimental group

_,did exceed the Control. The ANCOVA confirmed the ANOVA results, but contrasts

following the weighted ANCOVA reveaiéd an additional significant difference

between the Strategy and the Question group favoring the Strategy group.

- On litefél questions, the ANOVA revealed a treatment effect, F(2,21) = 5.523,

p < .05, suggesting that the -two experimental groups performed better than
theacontrof'group. The Newman-Keuls test confirmed.this suggestion: The
two experimental groups perfornmed at.comparable levels and[each surpassed

the Control. Both ANCOVAs revealed the same patterns of resuylts. On strategy

" questions, the ANOVA indicated a Strategy > Questiqn > Control ranking,

ij,Zl} = 4,365, E.<'«05. The results from both ANCOVAé were similar.

In summary, on measures related to the stories used in the experimental
treatmeqts, both intervéntlon'iechnlques elicited superior comprehension
when compared with the Control group, even on the literél measure, which might
be Fhought to‘favor the treatment given to the Coﬁtrpl group. In addition,
where diffeygncés existed between the two experimental treatments; they

tended to favor the Strategy group.
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ggperiméuter-Deslgned Posttests

Two different sets of scores were created from the experimenter-designed
posttests: .orrect/Incorrect and weighted implicit scores.. For the correct/
incorrect scores, ANOVA and ANCOVA procedures were employgd; %or weighted
implicit sﬁorgs,‘ANOVA and weighted ANCOVA procedures.2

Correct/incorrect scores. For this set of scores, the analysis had three

factors: level of famlliérity and type of comprehension question were
within-subject factors and treatment was a beéween-subjects factor. The
ANOVA revealed no interaction effects. Significant main effects were found’
for familiarity, F(1,21) = 103.667, p < .001, and ques;ion type, F(1,21) =
5.579, p < .05, but not for treatment, F(2,21) = 1.535, p > .05. The

unadjusted means, reported in Table 3, revealed”bredicfable effects for

fami!iarity ahd duestion type.' familnar ‘stories elicited more correct '

responses than unfamiliar; literal questions more than Inferential. With

respect to treatment, these transfer items did not yield the same pattern

B

Iinsert Table 3 about here.

L TR T Y T Y Y Y P T T T
\

.of significant diffgrences as did similar kinds oflitems’based upon stories -

actually uﬁed in instruction, although the results are in the same direction.

| The ANCOVA did not alter the interpretation of .results in any way and adjusted

means are not repdrtedQ

Weighted-implicit scores. Uéing the measure more sensitive to inferential

34

~processing, we decided to omit the overall analysis to examine scores

separately within levels of topicg famillarity. This.dectéion was made a -

priori on the gfouhds that any differences due to treatments would be more

0 ..

‘v
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likel§ to surface in rasponse to items accompanying the familiar Fopic.
wherein, presumably, prior knowledge wouid be more Iikely to influence
results. The analysis supported this'assumpt‘on. According to the ANOVA,
there were no differences among the three treatments on weighted implicit
scores for the unfamiliar topic; f}2,2|) = 1,514, p > ,05. The weighted
ANCOVA results yielded the same conclusion, F(2,20) = .307, p > .05 (see
Table 4 for unadjusted and adjusted means). However, on the familiar topic,

. both the ANOVA, F(2,21) = 5.227, p < .05, and the weighted ANCOVA, F(2,20) =

b.157, p < .05, revealed a treatment effect. Post hor tests (Newman-Keuls) on

O X T Y RO T X R L Y Y T X T X T ¥ ¥

Insert Table 4 about here.
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the weighted ANCOVA revealed that the Question group was superior to the

Control post hoc comparison was marginally significant, p= .066.

Unlike the data from the instructienal story items, few qomparisans
4 . * ' . . . . ] : . .
* ‘on these transfer items revealed an advantage for the experimental treatments.

The comparléon that did was embegded in contexts kwe}ghted-implicit scoring

>

and a familiar story) in which AVerything was stacked in favor of the experi-

Lmentalftreatments, indicating a generally weak transfer effect.

Free-Recall

'On the free-recall data one~way ANOV/is and bo;h ANCOVAS were computed
on each of the three forms of recall with treatment groups serving as the

single independent varfable. The ANJVA indicated that there were no signifi-

&

. cant effects among the protocols of the tHree treatments on any of the

recall categories: not for textual information, F(2,21) = .212, p - .05;
, ‘ &

-~

- 23

thf}élwgrohp, E;& ;OS,IBLﬁ not to the Strategy group. The Strategy versus =~
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-seriptul information, F(2,21) = .423, p > .05; or intrusions, F(2,21) = 1.284,

B> .05 {see Table 5). All ANCOVA results conflrmed the ANOVA. -The experi-

mentag instruction did not facflita;g/récall of elither explicitly stated or
=4 ' :

~ inferabie information.

Insert Table 5 about here.
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Reading Test of the Stanford Achievement Test

One-way ANOVAs were performed on the raw scores from the reading ;?mpre-
hension and vocabulary sdbte;ts of the Stanfordfchievement Test. In each
case, treatment served as the_s!nglegingependent varlablé} Also,‘both
ANCOVAs wefe employed. |

N fpquﬁg reading comprehension scores, ANOVA results indicated a signifi-

B

i

cant difference among the-treatments, f(2,21) = 7.773, p < .01 (see Table 6).

The Newman-Keuls post hoc procedure computed at the .05 level of éignlflcance

revealed that the performance of the Question group exceeded that of the other

) }wo gro&ps, which did not differ from one another. However, the same post hoc

p}ocedure applied to the ANCOVA results indlcated that the Strategy group also
surpassed the Control grdup. Ironically, the weighted ANCOVA supported the
ANOVA. (although the Strategy/Control comparison was.very'close to reaching the
Qalue necessary to achieve fignlficaqce at the .05 leve!);f Thus, on’tﬁts

standardized comprehension test, the children receiving the Question*inté}-

vention performed better than those in the other groups, and there is some

ol

feason to believe tﬁat'the Strategy group exceeded the cdnﬁ;ol group.
| ‘\\u”/ | Eat) |
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ANOVA results indicated no differences on the'vocahulaTy'SpoFes among

+ -~ the !nstrﬁctiopal groups, F(2,21) = .665, p > .05 (see Table 6). <Both -

- ’

'~ ANCOVAs sugported this analxsis.' The vocabulary test is not a”reé&ing f:

*

task, but an audito?y assessment. Hgnce,gthe'results tenﬂ to confirm an’

_underlying equality among the three groups with respect to general'world'

'Rﬁowledge. thus strengthening the conclusion that the comprehension differ- o

<.

. ences favoring the experimental groups were due to ‘the intervention methods.

rather than to any world knowledge or gencral aptitu&e advantage. -

“Discussion’

At the outset, we made five predicti&ns about the results of this study i'
| tﬁat‘seemed reasonable to us in the light of recent theqry.a?diresearqh
regarding inferential processes. T.e data support éil}f!ve of those pré-
-dictlons, albeit some to a greater degfee than otheré. |
First, we suggestgd that a:technique which focused on helping childrenr-
make conncctions between what they already know and whatlis in a text'should

!

increase the likellhood that they would draw inferences spontaneously.

4

Clearly this occurred within the context of the instructional stories;
the Strategy group was superior to the Control group on eve:ry comparison

~involving .inferential measures. When scores were adjusted for significant

pretest differences (the weighted ANOVA), the Strategy group also exceeded

_ the practice only Question group. With respect to the experimenter-designed

~test, the Strategy group did not fare so‘yell._ in only one cémparison out
of four (post hoc tests based on.the weighted ANCOVA for weighted posttesf
scores in the familiar condition) is there any reason to believe that Strategy

't[eatment Induced transfer, and even that is statistically marginal (p < .066)."

2
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The free recall data offer no support for any treatment. However. the results
from the Stanford test, when the scores were adjusted for the pretest dis-
advantage of this group, tend to support its efftcacy,; It is comﬁ&nptace
to argue'that achievement tests do  not measure “ﬁigher‘level" comprehension |
tasks; however,'the Stanford uses a prependerance of modified cloze\}tems.
. We know of no way to determine which choice fits into a cloze blanaxsave
'x by reference to orior knowledge. Hence we are not surprised that this lnfer-

ential treatment exrubtted some transfer to the Stanford test. Some contra-

dictory resu]t& noththstanding. we believe the weight of evidence‘supports

e

the efficacy of the Strategy'treatnentsfwe"reedénTée._hOWever.*that"the"data )

better support an argument emphasizing Its localized rather than its broadly

*

- )

transferable effects.
i dur secend~prediction, based upon the engaged time on task argument,
* was that simply enabling”children to practice answering inferenee questions
would enhance their ability and inclination to do so spontaneously. Like
that for the Strategy treatment, the data, while mixed, tend to support
the efficacy of the Question treatment, * On every comparison involving drawing
fnferences from the instruetional stories, the Question treatment exceeded
the Control. And on both adjusted and unudjusted compar}sons for two‘of the
three transfer tasks, the Question group exceeded the Cbntrol, and of ten
the .Strategy group. We acknowledge the fact that pretest measures tended to
favor this.groups however, their clear advantage even in the face_of covariance
analyses leads us to conclude that the treatment rather than their preexperi--

mental’ advantage in ability accounted for the posttest differences favoring

‘them.
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The thirq prediction was that students trained In an.inferencing set,
. : -whether by suggestion or sheer practice, would process the explicit‘message
" of the text better even than those students who were given a direct focus

on that explicit message. This, we argued,. would occur because inferential

I
AN

tasks,_while they may have to be resolved by feferénce to ﬁrior kpowledge,
nonetheless require readers to use the text ‘to acqu{;e cues to direct them
to Qarticular.schgmaté!sto?ed in memory. There are three sources of data

to eéaluate th}s predictinn: éhg lfteral gue§tidns from the iﬁstfucéioﬁél

. stories, thq literal questions from the transfer stories, and the recall_of

textual information in the free fédéffmféékl' On the first of these measures,
both experimental groups efceeded the Control; on the sécond and third,

" v . there were no signfficant differen;es among th groups. Whatever effects
support this pre&iction,“then, are highly f;calized within the context in

which the treatments occurred. O0n the other hand, we would point out that

or recall of explicitly sgated information.
!Predictions four ana five were disclaimers. Four suggested that what-
ever treatment effects emerged would be.subject to a brior knowledge filter..
ndeed, the posttest_results on the transfer stories (the weighted ANCOVA
for weightéd~lmplicit scores) support the predictibﬂMQthg'directly;““For~ :
the uﬁfamiliar story there were no freatment gifferences; they emerged oﬁly
. oﬁ the familiar transfer story. Prediction five indicated that any growthh
in inferencing ability wohld not ove;come the igherent advantage cyplically

¥

attributed to literal questions. The data from the transfer storlgs dirébtly

shpport that prediction; literal questions were easier. However, we would

. ' ' 1 o v o ks

~

an emphasis on inference never - 'ted in a decrement to the comprehension

Tt Al
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point out that these comparisons_are a weak test of the prediction because
Even so, a recent study (Pearson, Hansen, & Gordon, in press). finds the same
advantage even when content difficulty is controlled aciuss item types.

In conclusion, three comments deserve emphasus. First,.we are more .

‘impressed with the lo¢al than the transfer effects in this study. ' We wonder

howsdistant.from an instructional sext}ng we can expect children to
“sponeeneously“ apply learned.strategies or behaviors. But replication of

these treetnenfs with older students-=for whom greater-maturity'and experi-

ence might increase the likelihood of transferjjfs necessary befpre the R
transferability issue can be.adequaxeir'evaluated;> Second, we underscore

the ecological invalidity of our design. We did conduct the study in a

school, usipg whatever instructional materials happened to be scheduled,

and taking instructional groups the way they came to us; however, the teaching

" was done by one of the experimenters rather than.the classrcom teacher, and

the non-treatment-related activities for each lesson were tightly controlled

to mitigate against casual_confounding be tween treatmengs. Tryouts in less

controiled environments seem. in order. Third, we believe that the prepon- ‘ o
derance of evidence in tnis study supports the efficacy of the experimental |
treatments. While we think that the treatments deserve larger scale tryouts
in‘classroommsituatlgngngmevyar{etydof teachers working with a variety of

children and materials, we are encouraged by results which 5dggestjthat~both~. .

instruction and practice have direct consequences on children's comprehension
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Footnotes ' ' _ .

?By emphasizing sfot-filling inferences we do not mean to imply that
_this is the only kind of inference'sugg;sted_by schema theory. Other kinds
.Tz:- - are not only go§§tble but essentiaj; they simply do.not-relate to the scope
. of this investigation. -A second kind of inferenceflnvolves what Trabasso '
calls text-conneqtihg-(seé Trabassﬁ, Nicholas, Omanson,'& Johnson, Note 1,
“for examples). When a student recognizes ;hat the action in sentence 13
'causgd the state described in sentence 15, he has céhnected two- text segments

4

~via a causal link. “Such infere-ces are common and essential in text compre-
K > - .

——hehsioh;"mAs'wefhaVe'diéc055e&"e15ewhere (Pearson. & Céﬁbéfell,-in“press},
*such inferences require the invocation of the Gricean principle of coopera-
tion between autho; and reader: No author places”t@o sentences In close
““p;okimity to. one’ another -unless he or she is offertng'the Teader an inv}tation:
i f not a license, to-infer that the one explains, causes, enables, precedes,

__hw__f*___lgi_gggg}lishethhe other. ‘A third kind of inference Is involved in the very

process of schema instantiation. In example (1) in the artictle, tﬁe-4nstan«~

ttatlondof a building schema involves an inference based upon the f!ll}ng of
-alfew variable slots specified in the stéry--carpenter, hit, nail.

ziq this instance we violated our general pattern of using both pretest

. scoring measures as covariates. We did so on the grounds thét sim}lartty of

f?re—”;nd~éo§ttest measures should prevgll as a criterion for adjusting post-.

b3

test scores.
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Table !

Instructional Procedures Used with the Three Groups

Day Strategy Group Question Group Contro} Group
Yay * Vocébulary Vocabulary VocéBulary : -
ne Instruction Instruction:® Instruction
3y Pre~reading Activity Pre-reading Activity Pre-reading Activity
iwo : ' _ : '
J "Experimental Basal-reader Basal-reader
Procedure Proce@ure Procedure
ay Guided Reading Guided Reading Guided Reading
fhree ' _ _ ‘
' b:1 ratio of + 100% Inferential, 4:1 ratio of ‘
Literal: Inferential Questions Literal: Inferential
Questions Questions
i e . Experimental o
Procedure B T T
. b
ay Phonic/Ski 1 Phonic/sSkill: Phonic/skill
our Activities Activities Activities

™
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~ Table 2

Means and Standard Peviations for Comprehension Questions

Followiﬁg Instructional Stories

| Ques;ion ‘ Question Group' . Strategy Group Qontro} Group
s Type | !r | §2P ﬁ? _ 'ﬂ? ﬂ? EQ? EF- ﬂ? u2 sDb MC Md
o - —t " = —_— l— = -
Literal - 5.75-1.16 5.62 5.4 7.00 2,00 7.0 7.29° .3.50 .93 3.53 3.55
Infefential ~ 8.00 .93 7.93 7.75  8.13 1.25 8.18 8.3%  6.50 1.07 6.52 6.5
_Strategy 7.13 2.17 6.93 6.72  8.63 1.06 8.77 8.97  6.00 1.93 6.04 6.06
_.aRgpoéts unadjusteg_mgangf _
bStandard deviations for unadjusted means. - ) )
“Means adjusted for total scores of experimenter-designed pretest.
dMeans a’&_justed for weighted-implicit scores of experimenter-designed pretest.
W
e
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Table 3

Means and Standard Deviations for Experimenter-Designed Posttests

]

i

- ; Group Mérginéls .

Story: Quéstion Type . - Question Strategy Control _

' | M sD ﬂ ) M D Familiarity = Comprehension
Unfamiliar: Literal 5.38 2.20 4,38 ‘1.69 - 5.13 2.4 Low Literal
Unfamiliar: Inferential 4.38 1.41  3.63 1.30 3.75 2.12 26.65 36.40
Familiar: Literal 7.75 1.49 7.13 l¢k6 6.63 1.77 Hi Inferential
Familiar : Inferential - 7.38 --1.41  6.50. 1.4 663 .60 41.02 31.27 .
Tota¥ 24.88 21.63 ot 21,13

9t
{ed] 2dualaju|
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Table &4

Means and Standard Devlations for welgh~ed Implscit Scores

-

of Experimenter-Designed Posttest

D

Question Group Strategy Group . Control' Group
Story a b c a b c a b c
woos’ M Wooos0® w0
_Familiar 29.50 3.21 28.95 26.63 3.34 27.09 22.88 5.41 22.96

Unfamiliar  23.75 4.33 22.46  19.38 4.60 20.47  20.25° 6.71 20.44

aRepcrts unadjus ted means .
Standard deviations for unadjusted means

]

“Means adjusted for weighted-implicit scores of experimenter-designed pretest




Table 5

Means and Standard Deviations for Categortes of Free-Recall Statements

Recall ] Question Group ' ' Strategy Grodp Control Group
Categoryx ﬁ? §2P ﬂ? ﬂé ﬁ? §2P , !F ﬂ? ﬁ? - §2P ﬂ? ﬁé
Textual , 3.50. 2.00 3.59 3.50° 3.Q0‘ 1.20 2.33 3.00 _ 3.00' 2.00 2.98 3.00
Scriptal 2.50 1.85 1.96 1.59 . 1.63 3.16 2.0b 2.50  1.25- 3.15 1.38 1.39
Intrusions 1.50 2.4 1.38 -1.36 1.38  1.51 1.47 1.50 .38 .52 .40 )
G

aReports unadjusted means

bStandard deviations for ud;djusted means ,

Means adjusted for total scores of experimenter-designed pretest

Means adjusted for weighted-implicit scores of experimenter-designed pretest.

gt
Bujuies) oousiau|



“w

Table 6

B " Means and Standard Deviations for Stanford Reading Test

Question Group Strategy Group

Subtest

Control Group

§2? M ud M3 §2P - M€ ¥

W Me M

Ma

so°

MC-

M

—

T

Comprehension  85.00 1.77 83.93 B84.19  80.50 3.59 $1.32 81.19

Vocabulary 31.25 2.43 31.21 30.58 30.38 2.97 30.41 30.95

77.50. 5.29 77.75 77.52
29.50 3.59 29.51 29.60

aReports unadju§ted means
bStanda‘rd deviations for unadjusted means _
“Means adjusted for total scores of experimenter-designed pretest

Means adjusted for weighted-implicit scores of experimenter-designed

pretest.
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