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Development of inferences over
elementary-school grades: I. Recall and

association of implicit words

MELVIN H. MARX
Florida Institute of Technology, Melbourne, Florida

Students in the second through the sixth grades were read a series of very short (one-sentence)
"stories" by teachers in regular classroom settings. In each sentence, there was one clearly im­
plied word. The students were then asked to write, cued by the title of each "story ," one word
that they had heard and one word that they had not heard but had thought of (and presumably
inferred). A reliable increment over grades occurred in the number of implied words that were
reported as thought of, with a sharp increment from the second to the third grades; and there
was also a more regular increment over grades in the number of implied words that were used
as associates to cues in a subsequent test.

Inferences, especially when defined as the filling in of
gaps in verbal materials, are generally recognized as es­
sential processes in the comprehension of discourse (see,
e.g ., Singer, 1988). For that reason, perhaps, their gener­
ation and subsequent use have been studied within a psy­
cholinguistic framework; recognition of study sentences
was the dependent variable most often used in the early
research (e.g ., Bransford & Franks, 1971; Johnson,
Bransford, & Solomon, 1973; Paris & Carter, 1973) .
These studies demonstrated subjects' ability to identify
sentences from cues that had been implied in them but
not explicitly included; for example, the cue spoon read­
ily leads to the correct identification of the sentence' 'The
truck driver stirred the coffee in his cup."

With respect to development, Paris and Lindauer (1976)
reported that first graders were able to identify more sen­
tences from explicit cues (that is, from the cue spoon when
it had actually been in the studied sentence) than from im­
plicit cues, but fifth graders were able to identify about
as many such sentences from implicit as from explicit
cues. The indication is that inferences are more readily
generated and/or used by the older students .

Surprisingly, this problem does not seem to have been
the object of much research done with standard learning­
memory manipulations and measurements. Corbett and
Dosher (1978) did examine protocols for implicit words,
but they had subjects recall entire sentences.

This report is the first of several in which experiments
on various facets of the development of inferences over
the elementary-school grades have been addressed. The
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experiment described here represents a first attempt to
have elementary-school students recall, or otherwise re­
port on, words that are implicit in study sentences and
therefore readily inferable. The major purpose was to
track the development of such presumed inferences over
the elementary-school grades . A second, parallel purpose
was to assess the tendency to use such readily inferable
words as associates for cues subsequently presented.

An additional objective was to determine whether the
order in which the two tests-recall of words that hadbeen
heard and recall of words that had not been heard but had
been thought of-would influence the number of infer­
ences recalled or used as assoc iates. Interference of recall
of explicit information on problem solving has recently
been reported by Brainerd and Reyna (1991) , especially
early in development. The test-order variable was there­
fore manipulated to see whether a similar kind of inter­
ference occurs when explicit recall ("heard" words) pre­
cedes recall of implicit ("thought of') words.

MEmOD

Subjects
Thesubjects were 76 elementary-school students in Grades 2 (n=20),

3 (n = 18),4 (n= 15),5 (n= 17), and 6 (n =6). Because the number of
sixth graders was small , they were combined with the fifth graders in
the data analysis. Themean ages (and 5Ds)were 8.20 (.44), 9.34 (.57),
10.19 (.47), and 11.40 (.65) years for Grades 2 through 5--{j, respectively.

Experimental Design
After the students had listened to the 16 sentences , with instructions

to remember them because a memory test was to be given , performance
on the two dependent variables was measured . The recall of implicit
words was regarded as a test of explicit memory, in spite of the content
of that memory , because the test was in a declarative format. The elici­
tation of implicit words was regarded as a test of implicit memory be­
cause the students were simply instructed to find words that made familiar
phrases. The independent variables consisted of the elementary-school
grade and the order in which the first two (explicit-memory) tests were
given ("heard" words or " thought of " words to be listed first) .
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Stimulus Materials
The 16 one-sentence "stories" are listed in Table I , along with the

(randomly determined) order in which they were read and with their
titles . The following columns contain the presumed inferential (implicit)
word for each sentence, the percentage of "correct" responses (that
is, actual occurrences of the implicit words in the recall test), and the
cue words that were intended to elicit implicit words as associates. In
the preparation of the latter list, none of the primary associates for the
cue words from the Jenkins (1970) norms were used ; rather, in an ef­
fort to guard against ceiling effects, only cues with which the implicit
words were moderately associated were selected.

Procedure
The teachers were given detailed procedural instructions, and they then

collected the data in their own intact classes . The students were told that
they were to listen to a series of "short stories " and that they should
try to remember them because they would be asked questions about them
later. The first sentence ("The Delivery Man") was for practice : " On
thenight before Christmas a large figure with a flowing white beardand
a red suit delivers boxes to homes with children." (This story is not in­
cluded in Table I .) After the sentences hadall been read, with their num­
bered titles and with a 2-sec pause between sentences , answer sheets were
passed out. The two types were alternated along rows , with instructions
to work from left to right, either "heard" or "thought of " words corning
first. The students were asked to fill in their birthdates and other informa­
tion at the top of the page. Two columnswere labeled WORDS I HEARD
and WORDS I rnOUGHT OF, with the numbers and titles of the sen­
tences listed in a column on the left margin. The testing procedure was
explained and the practice sentence repealed. The teacher enumerated some
of the more obviously inferable words (e.g ., "Santa Claus ," "reindeer,"
" sleigh" ) and asked the students to write one word in each column for
this first •' story ." They were then instructed to continue to use the same
procedure for each of the remaining "stories," writingone important word
in each space. Approximately 5 min were allowed for this task. The stu­
dents were next instructed to tum over their answer sheets and look at
the list of 17 word cues, each of which was followed by a blank space .
They were told to write one word in the space after each cue, so as to
make a familiar phrase (as, e .g ., " Claus" after the practice-story cue
" Santa" ). Additional examples were given (e.g., the cue "bome," which
could be followed by " room," " town," " plate," and the like). The stu­
dents were asked to work on theremaining 16 cues in the same way and
were allowed about 5 min to do so. Only procedural questions were an­
swered; the teachers were not aware of the purpose of the experiment.
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RESULTS

Recall of Implicit Words
There was a sharp increase in the percentage of stu­

dents who recalled at least one of the implicit words (in­
tended inferences) from the second to the third grades:
8 of20 (40%) did so in the second grade, compared with
17 of 18 (94 %) in the third grade. The difference in pro­
portions was reliable [~(l) = 12.13, P < .01].

The mean number of implicit words recalled at each
grade level is shown in Figure I. The grade variable was
a reliable main effect in an analysis of variance [F(3,68) =
6.517, P < .001].

The test-order variable was not reliable [F(l,68) =
2.477, P > .05] . In any event, the means were opposite
to the interference prediction (2.27 for the 37 subjects who
recalled their "heard" words first-and so should have
suffered from the interference on their subsequent recall
of the presumed inferences-and 1.82 for the 39 subjects
reporting the inferences first) . There was no interaction
between grade and test-order variables (F < 1.0).

Table I provides information on the degree of successful
recall of implicit words in the various sentences . It can be
seen that four of the words were complete duds, and an­
other two very nearly so (only one recall each). The burden
of differentiation in these data was obviously bome by the
four most productive implicit words : bird ("feeder"),
worm ("bait"), juice ("citrus"), and water ("oasis").

Association of Implicit Words
A small but steady increment over grades was found

in the use of implicit words as associates. A lower propor­
tion of students in Grades 2 and 3 (23 of 38, or 61 %)
made at least one such association, compared with stu­
dents in Grades 4 and 5-6 (33 of 38, or 82 %). The differ­
ence was reliable [~(l) = 6.79, p < .05].

Table 1
Titles and Study Sentences, Intended Implicit Words, Percentage Recalled, and Cue Words

Titles: Study Sentences

2. The Hook : The boy put a wiggly bait on the hook .
3. The Fisherman: The fisherman sliced the large fish into equal sections.
4. The Shopper: The shopper's pen ran out , just before she could sign the

check.
5. The Worker: The tired worker sat down heavily, at the dinner table.
6. The Seeds: All the seeds in the feeder had been eaten .
7. The Gardener: The gardener washed and wiped her hands dry before starting

to cook supper.
8. The Travelers: The thirsty travelers found an oasis in the desert.
9. The Guests: The housewife squeezed citrus for her unexpected guests.

10. The Lifeguard: The lifeguard heard the swimmer but couldn't see him in the
dim light .

II . The Sailor: The sailor grabbed the oars and rowed towards the boy.
12. The Teenager: The teenager shampooed almost daily.
13. The Mother: The mother poured hot chocolate for her sleepy child .
14. The Jockey: The jockey threw on a saddle and rode off at a gallop.
15. The Assignment: The teacher took some chalk and wrote the assignment.
16. The Coke : All the Coke spilled out when the cap carne off.
17. The Party : Each child was given a large serving, baked especially for the

birthday party, along with ice cream and soda pop .

Note-Story #1 was practice only .

Implicit
Words

worm
knife
ink

chair
bird
towel

water
juice
shout

boat
hair
cup
horse
board
bottle
cake

% Recalled

28
7
7

o
36
o

16
18
o

9
5
o

26
I
I
9

Cue
Words

EARTH
BREAD
DARK

HIGH
BLUE
BATH

CITY
FRUIT
LOUD

HOUSE
LONG
BUTTER
HUNGRY
BLACK
BABY
SHORT



DISCUSSION

Figure 1. Mean percentage of implicit words that were recalled
and associated as a function of elementary-school grade.

sentences increase over the elementary-school grades. 11Ieevidence is
clearest for the early grades, in accordance with previous results (e.g.,
Paris& Lindauer, 1976)basedon the useof sentence identification. Why
olderstudents aremoreeffective at remembering and usingimplicit words
is an interestingand importantquestion-one among many that need to
be attackedexperimentally. Are older students simply better at making
inferences? Or do theyencode and/orretrieveinferences moreeffectively?
Experimental techniques that more immediately probe for reportor other
evidence of the encoding of implicit words need to be developed.

Graf's recent (1990) suggestionof developmental invariance for im­
plicit memory would seem to be contradicted by the reliable increment
found in the association measure, here regarded as an implicit-memory
test. However, this conclusion cannot be advanced very strongly, be­
cause there was no control for normal developmental improvement in
this kind of test; and there was a multiplicity of associations between
cues and implicit words. The use of weakly associated eliciting cues
should have reduced any tendency to make these associations-rather.
other more stronglyassociated words wouldbe expectedto increasewith
intellectual development. Nevertheless, the questioncanbest be resolved
by the pinpointing of associations between implicit words in study and
their subsequent selection in an implicit-memorytest, relative to com­
parable nonstudied words.

The failure of the two memory tests to show any tendency toward
correlation suggests that the mechanismsunderlying them may be sub­
stantially independent. Also, the failure of the test-ordervariableto reveal
interference effects, on either the explicit or the implicit test, is consis­
tent with that proposition. However, these are at best highly tentative
conclusions; in particular, a more rigorous experimental test of possi­
ble interference effects than the simple manipulation that was used will
be required for any firmer conclusions.

REFERENCES

BRAINERD, C. J., '" REYNA , V. F . (1991). Memory independence and
memory interference in cognitive development. Manuscript submit­
ted for publication.

BRANSFORD, J. D., '" FRANKS, J . J . (1971). The abstraction of linguis­
tic ideas. Cognitive Psychology , 2, 331-350.

CORBETT, A. T., '" DoSHER, B . A. (1978). Instrument inferences in
sentence encoding. Journal of Verbal Learning &: Verbal Behavior,
17, 479-492.

GRAF , P . (1990). Life-span changes in implicit and explicit memory.
Bulletin of the Psychonomic Society , 28, 353-358.

JENKINS , J . J . (1970). The 1952 Minnesota Word Association Norms.
In L. Postman & G. Keppel (Eds .), Norms ofword association . New
York: Academic Press.

JOHNSON, M. K., BRANSFORD,J . D., '" SoLOMON, S . K. (1973). Memory
for tacit implicationsof sentences. Journal ofExperimental Psychol­
ogy , 98, 203-205.

PARIS, S . G., '" CARTER, A. Y. (1973).Semantic and constructive aspects
of sentencememory in children. Developmental Psychology,9, 109-113.

PARIS, S . G., '" LINDAUER, B. K. (1976). The role of inference in chil­
dren's comprehension andmemory for sentences. Cognitive Psychol­
ogy, 8, 217-227.

SINGER, M. (1988). Inferences in readingcomprehension. In M. Dane­
man, G. MacKinnon, & T. Waller(Eds.), Reading research: Advances
in theory and practice (Vol. 6, pp. 177-219). New York: Academic
Press.

REC ALL~

462 MARX

w20

"C
~

z
w10
(,,)

a::
w
A.

0
2 3 4 5-6

GRADE

The mean number of implicit-word associations over
grades is shown in Figure 1. The grade variable was a
reliable main effect [F(3,68) = 5.225, p < .01]. Neither
test order nor its interaction with grade was reliable
(F < 1.0).

There was considerable variability in the elicitation of
implicit words by the cues . The most frequently elicited
implicit words were bird (18 occurrences), cup (14),juice
(13), and cake (11); only two of the implicit words were
not used (ink and chair). The most successful cues were
BLUE (17 implicit words elicited, 15 of which were the
intended bird) and BUTTER (15 elicitations, 7 of which
were the intended cup).

Additional Analyses
Two other results deserve mention. First, product­

moment correlations were computed between the recall
and association scores, separately for each grade group.
Only slight, variable rs were found : .08, .20, - .12, and
- .05 for Grades 2 through 5-6, respectively.

Second, explicit-word recalls were scored, but this mea­
sure was too undemanding (only one "heard" word re­
quested) to allow much differentiation among grades.
Nevertheless, there was some improvement over grades,
at least again from Grade 2: means were 11.8,14.2,15.0,
and 15.1 for Grades 2, 3,4, and 5-6, respectively . A chi­
square analysis suggested the reliability of the difference
between Grades 2 and 3 in the proportion of students
whose scores exceeded the rounded mean (13) for all stu­
dents: 8 of 20 second graders (40%), compared with 14
of 18 third graders (82%) [Xz(1) = 5.62, P < .05].

11Iepresent results suggest thatboth the recall (explicit-memory test)
and associative use (implicit-memory test) of implicit words from studied (Manuscript received May 15, 1991.)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




