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Sentence recall with second stratum cues 

RAYMOND W. KULHA VY, NANCY E. THORNTON, T. EMERSON HANCOCK, 
and JAMES M. WEBB 

Arizona State University, Tempe, Arizona 

As a test of the conjoint retention hypothesis, undergraduates heard 24 simple sentences while 
studying a map that represented 12 features as icons and labels, or as labels only. Control sub­
jects saw a map outline without features. Half of the sentences were directly related to map fea­
tures, and half were not related to features. Subject nouns were used as retrieval cues across 
three trials. Noun object recall of feature-related sentences was significantly better for all groups, 
but the predicted interaction between map and sentence type did not occur. 

There is evidence that people can use spatial structures, 
such as reference maps, to facilitate the recall of related 
verbal infonnation (see, e .g., Dean & Kulhavy, 1981). 
The productive relationship between maps and associated 
verbal material has been explained in tenns of the con­
joint retention hypothesis (Kulhavy, Lee, & Caterino, 
1985). Conjoint retention is a version of dual coding the­
ory, which assumes that maps are stored in memory as 
perceptual/spatial entities, and that verbal information is 
represented as a set of linguistic propositions primarily 
verbal in nature (Anderson, 1983). The dual coding ap­
proach also assumes that either representational store can 
be accessed from the other (Paivio, 1986). 

Essentially, the conjoint retention hypothesis proposes 
that map features can be used as supplemental cues for 
retrieving related verbal information. In other words, 
when a map and related verbal stimuli are learned 
together, there is some probability that map elements can 
be used to access associated propositional knowledge. For 
example, when subjects receive a verbal test cue, they 
first attempt to locate the answer within the verballlinguis­
tic representational store. If this initial attempt fails, they 
have the option of using map information from the spa­
tial store as a type of second-stratum cue for additional 
retrieval search. To the degree that such second-stratum 
cues are successful, there will be superior recall for ver­
bal material directly related to map elements. 

The conjoint retention notion leads to several predic­
tions concerning spatial/verbal recall. First, because the 
spatial cues are specific to their associated propositions, 
we would expect verbal infonnation directly related to 
map features to be better recalled than information that 
is not feature-related. Second, the more salient the 
representation of a map feature, the more likely it will 
be remembered and available for use as a retrieval cue. 
In the present study, we presented features either as la­
beled points, or as labeled points with mimetic icons 
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depicting the feature. Labels plus icons should produce 
superior recall compared to labels only, and both types 
of representation should outperfonn a control group see­
ing only the map boundaries. 

MEmOD 

Design aDd Subjects 
The form of map representation was varied between subjects 10 cre­

ate three treatment conditions, with both test referent and trials treated 
as within-subjects variables. The base design was a 3 (map: icon-label 
vs. label only vs. boundary only) x 2 (referent: feature-related vs . not 
feature-related) x 3 (trials: 1 vs. 2 vs . 3) factorial, with repeated mea­
sures on the referent and trials factors. 

The subjects were 60 undergraduate volunteers who participated for 
course credit. The subjects were randomly assigned, 20 to each between­
subjects condition, on the basis of the order in which they appeared for 
the experiment. 

Materials 
The icon-label map depicted a smaIl Roman town of the classical 

period. The town was surrounded by a wall within which were three 
paths, one bisecting the area within the waIl, and the others branching 
out from it toward the bottom and top of the town area. Spread about 
equally over the map domain were 12 features common to towns of this 
type. On the icon-Iable version, each feature was marked by a mimetic 
drawing of the object, with the feature label printed directly adjacent 
to the drawing. Both the map and the feature icons were drawn by a 
professional artist . On the label-only map, the icons were removed and 
the labels remained in exactly the same location. The boundary-only 
map for the control group contained no icons or labels, and displayed 
only the waIl and the three paths. The 12 labeled features , beginning 
with the top of the map and continuing to the right, were: barracks, 
plaza, cafe, capitol , steps, temple , markets, monument, arch , statue, 
fountain. and gate. All three versions of the map were printed on 21.50 
x 27.95 cm heavy white paper for use in the experiment. 

The verbal stimuli consisted of 24 simple, declarative sentences of 
the form noun-subjectlverb/noun-objcct. All sentences contained exactly 
five words. In 12 of the sentences, the subject noun referred to one of 
the features depicted on the map (feature referents). In the remaining 
12 sentences, the subject nouns were common landmarks that were not 
present on the map (no feature referents). The specific S-VO pairings 
were separately randomized four times to produce four different stimu­
lus lists. Each of the four lists was randomly assigned to 5 subjects in 
each of the between-subjects conditions. The sentences were typed on 
individual index cards for use in the experiment. 

Examples of sentences that are feature-referent and sentences that are 
not feature-referent, for one randomization, are: 

1. The capitol protected the child. (referent) 
2. The gate illustrated the period. (referent) 
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1. The cemetery repelled the grocer. (nonreferent) 
2. The villa covered the silver. (nonreferent) 

Procedure 
The subjects participated individually. They were randomly assigned 

to both map conditions and stimulus lists in the order of their appear­
ance for the study . As the subjects reported for the experiment, they 
were assigned both a map from a randomly shuffled stack and a stimu­
lus list (a card was drawn at random from a full deck; the suit deter­
mined the specific version of the list to be presented). When the subject 
was seated across a small table from the experimenter, the subject was 
told that he or she would be studying a map for 3 min as a prelude to 
learning a series of 24 sentences. The subjects were also informed that , 
following learning, they would be asked to recall the last part of the 
sentence when given the first part as a cue. Finally , the subjects were 
told that studying the map would help them learn the sentences. 

During the learning phase, the subjects studied their version of the 
map while the experimenter read the 24 sentences at 100sec intervals. 
The order of sentences was randomized separately for each subject on 
each trial , and the time intervals were cued by audible clicks from a 
tape recorder. Following learning, there was a 30-sec rest period, after 
which the experimenter began the testing phase, which consisted of read­
ing the noun subject for each sentence and recording the learner's ver­
batim response. The order in which the noun subjects were read was 
separately randomized for each experimental subject on each trial . The 
testing phase was not timed, and if a subject gave no response to a noun, 
he or she was prompted once with the question, "00 you remember 
anything about (noun subject)?" The respective map was on the table 
in front of each subject during the entire testing phase. The three trials 
followed one another immediately, and the procedures for each tria1 were 
identical. 

RESULTS AND DISCUSSION 

The sentence recalls were scored separately for recall 
of both noun object and noun object plus predicate. The 
results of both scorings were approximately the same, so 
only the noun object data will be reported here. The num­
bers of noun objects recalled correctly were entered into 
a 3 (map) x 2 (referent) x 3 (trials) analysis of variance, 
which yielded significance for the map [F(2,57) = 3.27, 
MSe = 17.75,p < .05], referent [F(I,57) = 54.38, MSe 
= 4 .60, P < .01] , and trials [F(2,114) = 561.79, MSe 

= 2.51, p < .01] main effects. The only interaction to 
reach conventional levels of significance was the feature 

Table 1 
Means and Standard Deviations ror Correct Noun Object Recall, 

ror Items Feature-Related and Items Not Feature-Related 

Trial 1 Trial 2 Trial 3 

Map Fonn M SD M SD M SD 

Feature 

Icon-label 5.30 1.34 10.21 1.32 11.35 1.04 
Label only 5 .75 3.04 9.35 2.25 11.30 0 .80 
Boundary only 3.70 2.05 8.10 2 .63 10.21 1.50 

Nonfeature 

Icon-label 2.90 1.71 7.75 3.16 10.05 2.28 
Label only 2.95 2.14 7.80 3.24 10.45 1.70 
Boundary only 2 .10 2.08 6.65 3.35 9.62 2.28 

x trials effect [F(2,114) = 10.95, MSe = 1.29, 
p < .01] . The means and standard deviations contribut­
ing to this analysis are reported in Table 1. 

Post hoc Tukey HSD tests on the means from the three 
map conditions produced the following ranking: 
icon-label = label only > boundary only (p < .05). The 
referent main effect resulted from higher performance on 
feature-related items, and recall increased significantly 
over trials . The referent x trials interaction was due 
primarily to the more rapid acquisition of feature items 
over trials . Feature recall approached ceiling on Trial 2 
and yielded only minor gains on the final measure, 
whereas performance on nonfeature items tended to in­
crease steadily with each trial. 

Presence of a map containing feature labels or labels 
plus icons increased the recall of sentence endings. The 
fact that such facilitation did not occur in the performance 
of the boundary-only condition provides partial support 
for the conjoint retention explanation. However, the 
hypothesized relationship between the map and referent 
factors did not materialize, although the form of the in­
teraction was in the predicted direction. Hence, our data 
show a general positive influence for presence of feature 
maps, but provide no clear evidence of differential effects 
for sentence referents . 

The overall higher recall of feature-related sentences 
was unexpected. It seems unlikely that such superiority 
occurred because feature-related items were intrinsically 
easier, since the predicate/object endings were assigned 
to noun subjects in four different randomizations. The re­
maining possibility is that this particular group of feature 
nouns were, in some fashion, more salient retrieval cues 
than their nonfeature counterparts. 

The results of this experiment offer only weak support 
for the conjoint retention hypothesis. The general recall 
superiority for the feature map groups indicates that maps 
themselves have a positive effect on retrieval-a result 
that replicates previous research (e. g. , Dean & Kulhavy , 
1981). However, the lack of differential effects between 
feature and nonfeature sentences as a function of map con­
tent does not substantiate the argument that specific fea­
tures serve as additional cues for sentence retrieval. 

REFERENCES 

ANDERSON, J . R. (1983). The architecture o/cognition. Cambridge, 
MA: Harvard University Press. 

DEAN, R. S., &; KULHAVY, R. W. (1981) . The influence of spatial or­
ganization in prose learning. Journal o/Educational Psychology, 73, 
57-64. 

KULHAVY, R. W., LEE, J. B., &; CATERINO, L. C . (1985). Conjoint 
retention of maps and related discourse . Contemporary Educational 
Psychology, 10,28-37. 

PAIVIO, A. (1986). Mental representations. New York: Oxford Univer­
sity Press. 

(Manuscript received October 27, 1989.) 



<<
  /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




