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The length-difficulty relation in
serial memorization of
words, pictures, and snowflakes

PETER L. DERKS
College of William and Mary, Williamsburg, Virginia 23185

Arrays of 3, 6, 9, or 12 items were studied until they could be ordered from memory without
error. A power function described the relation between array size and study time for words,
pictures of objects, and pictures of snowflakes. Under two payoff conditions, the exponents
for words and snowflakes were around 2.3 and for pictures, 2.0.

One of the oldest exercises in the study of memory is
the determination of the functional relation between the
amount of material to be learned and the time required
to learn it (Ebbinghaus, 1885/1964). Although the
measured relations have been fairly consistent, different
procedures have produced different estimates
(Woodworth & Schlosberg, 1954). In a relatively recent
series of studies, an attempt was made to determine a
length-difficulty relation that depended primarily on
the subject’s behavior and not on the restrictions of the
experimental method (Derks, 1974; Martin, Fleming,
Hennrikus, & Erickson, 1977). Subjects were presented
with all the material to be learned and were permitted
to study it until they felt they knew it. In this way,
no studying could be concealed on presentations of
known items, during the time between trials, or during
recall, possibilities uncontrolled in most earlier experi-
ments.

Under these conditions, the time the subjects used to
learn a list of words was best described by a power
function, D =iL2*®, where D was the difficulty esti-
mated by study time, i was a constant of intercept that
generally increased with single-item difficulty, and L was
the list length or number of items. In other words, over
the range tested, a doubling in list length resulted in
approximately a sixfold increase in study time. Although
changes in subjective organization that correspond to
list length changes might have accounted for this ratio
relationship, Martin et al. (1977) manipulated subjective
organization and found that the power function, or
something very much like it, continued to appear.
They concluded that “the length-difficulty relation is
not decomposable” and, on the basis of some of the
same data, that this function “has no universal shape.”
Since it is a rare phenomenon that is invariant through
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all transformations and since the power function seems
to describe more than its share of the length-difficulty
relations, the following study was performed to test the
limits of this relation and to examine possible sources
of its modification.

Two kinds of materials were chosen as likely candi-
dates to disrupt the function that best describes the
length-difficulty relation for words. They were pictures,
which are easier to remember than words, and pictures
of snowflakes, which are much harder (Bevan & Steger,
1971; Goldstein & Chance, 1971). Furthermore, the
difference between memory for pictures of things and
memory for shapes like snowflakes is related to the ease
with which they can be given labels or names (Kelly
& Martin, 1974; Paivio, 1971). Since pictures seem to be
remembered by two “codes,” the object represented and
the label of the object, this dual coding plus the dis-
criminability between the pictures themselves makes
longer lists of pictures easier to remember than longer
lists of words. As a result, the length-difficulty function
for pictures might be concave downward on a log-log
plot. These multiple cues might increase opportunities
for clustering and yield groups of items that would be
recalled as individual items. As a result, increased length
might result in decreased difficulty per item. Snowflakes,
on the other hand, should be unlabelable and relatively
hard to discriminate. Consequently, the difficulty of
determining and retaining an array of snowflakes would
be increased exponentially with each additional snow-
flake. If this were the case, it would be reflected in a
length-difficulty relation that would be concave upward
on a log-log plot.

METHOD

A set of 196 names of objects was selected to minimize
membership in common conceptual categories (Battig &
Montague, 1969). Another set of stimuli was prepared with
detailed line drawings of the same objects. The snowflake
stimuli were 120 items selected from Bentley and Humphrey
(1931/1962) to be discriminable in specific content but similar
in general outline. The names, pictures, and snowflakes were
mounted on 6.5 x 8.5 cm cards for easy handling.
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For testing, the arrays of stimuli were arrangedin a 30 x 45 cm
“book” that could be opened and closed by the subject. The

“duration of studying an array was timed by a Meylan .1-sec
digital timer activated by the opening of the book. Inside the
book, a Plexiglas shield held the cards in place when the cover
was opened or closed. :

- - The stimulus arrays were of 3, 6, 9, or 12 cards. Although
this is a relatively narrow range, it includes two doublings of
array size and crosses the classic boundary of memory span
(Miller, 1956). All subjects received at least 12 different arrays.
The different lengths were randomly presented except that all
lengths were used once per block of four presentations.

On each trial the experimenter would arrange an array in
columns of three, and in one, two, three, or four rows, depend-
ing on array size, and close the book. The subject would open
the book, study the array until it was presumed known, and
close the book. The experimenter then collected the cards in a
pile and handed them to the subject, who put them back in
their original order. Thus the subjects did not have to leamn the
individual items, only their order.

When an error was made in the item order, that array size,
but not the specific array, was repeated in an effort to obtain
at least three estimates of study time for accurate memory at
each array size. Since the subjects were informed that they
could leave at any time and were already guaranteed payment
for their participation, three accurate estimates were not always
obtained. In fact, the lack of complete results for several subjects
led to a replication in which the subjects were given payment at
the beginning of the session and then lost a quarter for each
error.

In the original (flat-rate) study, payment was $2 for pictures
and words and $4 for snowflakes, pilot research having shown
that snowflakes were about twice as hard to learn as words or
pictures. (The subjects usually took two sessions of about
40 min each to participate in the snowflake task and one session
for pictures and words.) For the replication (contingency) study,
the initial sum was $3 for pictures and words and $6 for snow-
flakes. No subject knew what other subjects received. Six males
and six females were tested on each of the three stimulus types
in the two experiments. One male did not retum for his second
snowflake session in the flat-rate condition, leaving a total of
71 subjects.

RESULTS AND DISCUSSION

In previous research using this method, geometric
means of latencies for correct responses have been used
as representative of the subject’s study times. Geometric
means were used to reduce the effects of long latencies
that could come about for a variety of reasons that have
nothing to do with study time. Nevertheless, geometric
means still include latencies that may have resulted
from fatigue, inattention, or idiosyncratically difficult
lists. Since the probability of getting a list correct by
chance and producing an artificially short latency is
small, minimum latencies were used as the estimate of
study time. Figure 1, then, is based on the average of
each student’s shortest latency without an error (D) at
each array size (L). Geometric means were also calculated
and analyzed. Their values were similar but, of course,
slightly larger. The pattern of statistically significant
effects was the same, with one exception to be noted
later.

The length-difficulty functions are plotted on log-
log coordinates to emphasize any departures from a
power function, which is linear on such a graph. Words

Words L ] No Errors 0,0,0
256  Pictures [ ]
Snowflakes &
1281
64~
32
D
16
st -
4+ -
2 1 1 1 1 1 1 ! 1
3 6 9 12 3 6 9 112
Flat Rate L Contingent

Figure 1. Average minimum study times with all items
correctly placed in recall (D) by number of items in the studied
array (L).

memorized in the contingency condition appear slightly
concave upward, and pictures bend up a little for
12 items in the contingency condition and down a little
in the flat-rate condition. The standard deviations of
these points all encompass the best-fit power function,
however, so the predicted departures from this function
have not been obtained.

The power functions that best describe the six condi-
tions are, for words, flat-rate D =.210L?"2! and con-
tingent D = .204L2 %2 pictures, flat-rate D= 357L!-8%
and contingent D= .391L%-°7; snowflakes, flat-rate
D= .496L%® and contingent D=1.25L%!'3. The
exponent for the word acquisition condition is less than
the 2.6 of earlier studies. This may be because the
subject did not have to remember the identity of the
items, only their order. In the earlier studies using this
method, a recognition task without ordering require-
ments reduced the exponent to 1, that is, a linear
function. A poststudying cue task that required the
subjects to recall the location of just a single item
reduced the exponent to 2.4. Here, the exponent for
pictures is 2, that is, study time goes up as the square
of the number of pictures, and words and snowflakes
are about 2.2 — 2.4, that is, study time increased about
fivefold for a doubling of list length.

An analysis of variance was performed on these data
for the combined payoff conditions, even though they
were not directly comparable, in order to estimate
their relative consistency. Array size significantly in-
creased difficulty [F(3,195)=204.79, p<.001] and



stimulus type influenced difficulty [F(2,65)=81.82,
p <.001]. Of greatest interest was a significant inter-
action between array size and complexity [F(6,195)=
55.36, p <.001]. Therefore, the slopes of the length-
difficulty relations are significantly different. Further-
more, the only significant difference between minimum
study time for flat-rate payoff and the contingency pay-
off replication was a main effect between conditions
[F(1,65) =4.72, p =.033] . Neither the overall slopes of
the function [F(2,65)=.003] nor the interaction of
slope with complexity of material [F(6,195)=.121]
changed significantly between payoff conditions.

Since power values of the slopes for snowflakes
bracket those for words and the picture slopes were the
least of all, the length-difficulty relation is more shallow
for pictures than that for words and snowflakes. Never-
theless, the function was not concave downward on the
log-log plot. Pictures also had a larger constant of
intercept than words. This increased latency suggests
that the individual picture takes longer for the possible
*“dual” coding in this task than a word for verbal coding
alone.

Although snowflakes were more difficult to learn
than words, their relative difficulty remained constant
with array size. Estimated from Figure 1, a snowflake
is worth a little less than two words for the array sizes
tested here. The constant of intercept also suggests that
a snowflake takes more processing than a word, but the
ratio is somewhat larger than two to one. Since they did
not have ready-made names, subjects may have had to
discriminate and label a couple of critical features for
each flake to remember their order.

As indicated in Table 1, the contingency condition
significantly reduced error rate [F(1,65)=102.25,
p <.001]. Error rates were also significantly affected
by array size [F(3,195)=16.66, p<.001] and non-
significantly by complexity [F(2,65)=2.78, p=.069].
The contingency condition reduced these effects some-
what, but the interaction between payoff and array size
was not quite significant [F(3,195)=2.55, p=.057],
nor was the interaction between payoff and complexity
[F(2,65)=2.66,p=.077].

Nevertheless, the contingency condition produced
subjects who made no errors: six subjects for words,
seven for pictures, and five for snowflakes. In the

Table 1
Error Rate (Errors/Total Responses)
By
3 6 9 12 Condition
Flat Rate
Words .00 .16 26 .38 262
Pictures .04 .04 12 .18 116
Snowflakes .10 17 37 37 290
Contingency
Words .00 .08 .06 13 .086
Pictures .00 .04 13 13 .081
Snowflakes .00 13 .04 15 .102
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flat-rate condition, only 2 of 36 subjects learned their
12 arrays without an error. The power functions that
describe the average minimum study times for the sub-
jects who made no errors in the contingency payoff
condition are, for words, D =.200L%2, for pictures
D=.390L2°! and for snowflakes D=1.532L2-11,
These averages for the errorless subjects are included-in
Figure 1. Since these values are very similar to those for
the group as a whole, it can be inferred that the use of
minimum study time gives a stable estimate of task
difficulty regardless of strategic speed-accuracy tradoffs
individual subjects may use.

It could also be argued that the length-difficulty
functions for the contingency condition are more nearly
the ““truth,” since error rates were reduced to more
equivalent values by contingency payoff and had no
effect on the length-difficulty functions. Certainly, with
no errors there is no possibility of easier lists being
introduced on trials substituted for errors. In this case,
the slope for snowflakes is more similar to the slope
for pictures, and the constant of intercept indicates
much more processing per item. It could be argued that
under the pressure of contingency payoff, the subjects
treated the snowflakes more like pictures and coded an
image and a label that produced better memory for
longer lists. In this case a snowflake might be considered
worth about two pictures instead of two words. Such an
argument is suspect, however, since the interaction
between these two experimental conditions was not
significant.

This interaction was slightly significant, however,
when geometric means were compared [F(6,195) = 2.31,
p=.035], the one difference between the patterns of
minimum and geometric means. Perhaps the effect of
increased motivation was primarily on the longer latency
responses, which would have been included in the geo-
metric mean measure. Nevertheless, the idea that the
subject turns the snowflake into a meaningful picture
when accuracy of recall is important must remain a
hypothesis for future testing since the present study
manipulated motivation only incidently. Furthermore,
the decision to use minimum latencies or geometric
means seems to depend on whether stable processes or
external manipulations are being studied.

In any case the main conclusion to be drawn from
this study is that the power function that describes the
relation between length and difficulty for words holds
equally well for pictures of objects and of complex
shapes. Although the slopes and intercepts of those
functions yield information that seems consistent with
other conceptions of memory for various kinds of
stimuli, the underlying cause of this particular phe-
nomenon remains unclear.

REFERENCES

Barric, W. F., & MontaGug, W. E. Category norms for verbal
items in 56 categories: A replication and extension of the



204 DERKS

Connecticut category norms. Journal of Experimental Psychol-
ogy Monographs, 1969, 80(3, Part 2).

BenTLEY, W. A., & HumpHREYS, W. J. Snow crystals. New York:
Dover, 1962. (Originally published, 1931.)

BevaNn, W. A., & STEGER, J. A. Free recall and abstractness of
stimuli. Science, 1971, 172, 597-599.

Derks, P. L. The length-difficulty relation in immediate serial
recall. Journal of Verbal Learning and Verbal Behavior, 1974,
13, 335-354.

EBBINGHAUS, J. [Memory: A contribution to experimental psy-
chology] (H. A. Ruger & C. E. Bussenius, trans.). New York:
Dover, 1964. (Originally published, 1885.)

GoLDSTEIN, A. G., & CHANCE, J. E. Visual recognition memory
for complex configurations. Perception & Psychophysics, 1971,
9,237-241.

KeLLy, R. T., & MarTIN, D. W. Memory for random shapes:

A dual-task analysis. Journal of Experimental Psychology,
1974, 103, 224-229.

MarTIN, E., FLEMING, F. G., HENNRIKUS, D. J., & ERICKSON,
E. A. Studies of the length-difficulty relation in serial mem-
orization. Journal of Verbal Learning and Verbal Behavior,
1977, 16, 535-548.

MIiLLER, G. A. The magical number seven, plus or minus two:
Some limits on our capacity for processing information. Psy-
chological Review, 1956, 63, 81-97.

Paivio, A. Imagery and verbal processes. New York: Holt,
Rinehart, & Winston, 1971.

WoobpworTtH, R. S., & ScHLosBERG, H. Experimental psychol-
ogy. New York: Holt, 1954.

(Received for publication June 25, 1979.)




<<
  /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




