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52 Gelman and Cohen

or rule governed learning strategles (e.g. Edgerton,
1979; Hartley, 1986). If so, the data from the DS child-
ren in this study should be best characterized by the
first class of learning models. Additionally, if Siegler
& Shipley (1987) and Fuson (1988) are correct in their
contention that association models apply for the normal
child as well, then the data from a normal control group
should parallel those of the DS children. However, if our
position, that normal preschoolers’ knowledge of counting
reveals the workings of counting principles (e.g. Gelman
& QCallistel, 1978; Gelman & Greenw, In press), is cor-
rect, then the solution types of the two groups should be
qualitatively different. What these differences might be
will be considered in Section III.

Assume we find DS children’s counting is better char-
acterized by the assoclation model of learning and that
normal preschool children's counting is better character-
ized by the principle-first model. Obviously, we would
not be justified in attributing the difference to the ge-
netic mechanisms underlying the development DS. For the
difference could well be mediated by a variety of other
variables, and we would want to know how other categories
of retarded children do. Despite this, we would be able
to go beyond statements of "delayed" or "different” and
say something quite specific about the ways in which at
least DS children differ from normal children. Further,
we would have some reason to conclude that normal child-
ren learn teo count in a way that differs from at least DS
children. The idea that normal children’'s learning about
counting benefits from the availability of implicit prin-
cipled knowledge of counting would gain weight. Finally,
as we shall see, we can offer some suggestions about ways
to alter arithmetic instruction for DS, and possibly oth-
er retarded, individuals.

Sane Details About The Two Classes of Models

The Association-Reinforcement Model - The core of the
learn-by-association account of how our young come to
share our concepts comes from the British Empiricist the-
ory of knowledge acquisition. The position is that we can
explain concept learning if we grant humans but two per-
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tinent capacities: (a) the ability to detect and respond
to sense data and (b) the ability to learn according to
the laws of association, these being the laws of contigu-
ity and frequency. Associations are formed for the senso-
ry imputs that occur in close (temporal or spatial) con-
tiguity to responses and/or other sensory inputs: The
strength of these associations is a function of the fre-
quency with which the pairings are encountered. As these
associations build up, it becomes possible to form asso-
ciations between other inputs and those that are already
established in memory. In this fashion one acquires more
complicated associative representations of the world.
Modern versions of the assoclative account of knowledge
acquisition add further assumptions about the learner.
Especially in developmental circles, the learner is
granted the ability to imitate others and emphasis is
placed on the role of reinforcement. Pairings between
stimli and imitations or other appropriate responses
that are reinforced are more likely to be associated than
those that are rot. How does this kind of theory get ap-
plied to the case of counting?

Starting from a point of no knowledge or understanding
about counting, acquisition proceeds as a function of op-
portunity to encounter, and be reinforced for using, ex-
amples of conventional counting lists and other response
components of counting procedures. In a piece-meal way,
children gradually build up a store of counting pertinent
Procedures, ones like 1listing the conventional counting
string of words, repeating the last word said in a count
list, pointing to objects, etc. The pace at which associ-
ations between procedures and the counting words are ac-
quired depends on both a child’'s ability vo form associ-
ations and a child's opportunity to be reinforced for the
use of counting stimuli and responses. Eventually, when
enough of these have been learned, the child is in a po-
sition to abstract the generalizations common to these.
The result should be a principled understanding of count-

ing (e.g. Baroody, 1984; Briars & Siegler, 1984; Fuson &
Hall, 1983).

The Principle-First or Rational-Constructivist Model - As
Feldman and Gelman (1986) mote, the principle-first, or
In their terms the rational-constructivist learning mod-
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56 Gelman and Cohen

the words “one" and "duck" are interchangeable labels for
ducks. To see why, consider the book-reading ritual that
occurs in this country with many a young child. Over and
over again, one reads the same book. For sake of argument
assume that the book 1n question has colored pictures of
a duck and a pig on the first page. On one day the adult
points to these depicted objects and says “duck", "pig"
while doing so. On day 2, the same adult points to the
same items in the same order and says "one", "two”. On
day 3, pointing occurs to the same items yet again, but
now the adult says “yellow*, "pink". Two clear predic-
tions follow about the kind of learning that will take
place 1f a child learns as outlined in the first model.
A child could conclude that the duck should be labelled
with all three of the words, "duck", "one", and "yellow".
Alternatively, on the assumption that the different asso-
ciations would interfere with each other, a child could
think none of these terms apply. But neither of these
possibilities fits with either what does happen, or what
we want to happen to young learmers.

Very young children keep separate the set of the count
words from the set of object labels; they use them in
their appropriate contexts (Gelman & Meck, 1986). Given
this, we have argued (e.g. Gelman & Greeno, in press)
there must be an alternative account of the way young
children master counting. How :: is that the principle-
first account helps children sort out the count words and
labelling words is taken up in Section IIT below. But for
now, we note that the infants and preverbal toddlers re-
spond in a mumerical way to the displays that they could
treat otherwise (Cooper, 1984; Sophian & Adams, 1987;
Starkey, Spelke, & Gelman, 1983; Strauss & Curtis, 1981,
1984). Such data encourage us to think that our young
help themselves determine what counts as numerically rel-
evant input.

It is clear, infants have a great deal to learn about
counting. Should anyone think we mean otherwise, they
miss the fact that the principle-first model of learning
is a model about learning. The next section expands on
this theme.

Counting Principles 57

How the Counting Principles Might Support Learning to
Count

The Principles - To start to develop the principle-first
account, we consider the one-one counting principle. This
principle captures the fact that each and every item in a
to-be-counted collection must be tagged once and only
once with a unique tag. For the one-one principle to be
put into practice, the counter must have available some
set of distinct tags that is at least as large as the to-
be-counted set. Counters must not skip or repeatedly tag
individual items in the set. Put differently, the one-one
counting principle yields the counting constraints, e.g.
do not double count or skip items, that a plan must re-
flect for it to be an acceptable plan for counting. If
one puts into action a plan that violates the constraints
of the one-one principle, one will fail to honor the
principle. Should this happen, we can say the counter
followed an erroneous plan of action.

There 1is more to counting than what is captured by the
one-one principle. Additionally, there are two further
how-to-count principles, the stable-ordering and cardinal
principles. These capture the facts that the set of tags
must be repeatedly ordered, and that only the last tag
used on a particular count can represent the cardinal
value of the set,

Note that the counting principles say nothing about the
kind of jitems one can count or the sequence in which
ltems are to be tagged. As long as the how-to-count prin-
ciples are applied, it matters not what items are
collected together for a count. Nor does it matter
whether 1items are counted in a row, one after the other,
and so on. These latter two considerations led Gelman and
Gallistel (1978) to add item-indifference and
order-indifference princi- ples to the core of their
proposed 1list of early counting principles. Their
abstraction principle captures the fact that there are no
constraints on the kinds of individual items that can
make up a  counting set, Similarly, their
order-irrelevance principle serves to capture the lack of
constraints on the item-tagging order.

Note also that the principles do not dictate the kind
of tags one must use when counting. One does not have to
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60 Gelman and Cohen

The counting principles enable a toddler to recognize
when words are being used as count words and start to
learn them as such. But it still remains a question as to
how the child knows what to do with these words.

Principles Help the Learner: Finding counting relevant
behaviors - When counting a set, one does not have to
point to each item, start at the begiming of a row, ar-
range items in a row, count anything in particular, etc.
There are multiple ways to keep track of the mmber of
items used in a count-on strategy (Fuson, 1982). So are
there multiple count strategies for solving a varlety of
arithmetic problems (Resnick, 1986). All of these count
strategles are united by their common function: Solving
the problem of determining the cardinality of a set. They
do not serve to determine the cause of an object’s accel-
eration, improve one’'s memory for places, learn the name
of an object, or any of an infinite number of alternative
goals.

How are we able to determine that these disparate e-
vents are in the equivalence class of possible procedures
of counting? What gives us license to say of a variety of
distinct behaviors that they are all instances of the
class of counting behaviors? Again, our answer is that
the avallability of counting prirciples serves this func-
tion, For, if the constraints of these primciples are re-
flected in procedure, then that procedure is an example
of counting. Hence, the principles and their consequent
constraints underlie our ability to define and identify
members of the equivalence class of counting behaviors.
Just as principles of counting help define the class of
acceptable Instances of counting.

Principles Help the Learner: Transferring or devising
novel solutions to novel problems - The fact that prin-
ciples make it possible to define the equivalence class
of counting behaviors is related to another characteris-
tic they possess. They serve as the basls from which the
novel Instances can be generated. This is because their
constraints are ones that a planner must honor when gen-
erating a plan for counting (Greeno et al., 1984). What-
ever else the requirements of a novel setting, the plan-
ner must homor the constraints of the principles if the
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setting calls for a counting solution. Otherwise, the so-
lution cannot be considered an example of counting.

Should the planner have such a constraint list avail-
able, it can at least "monitor” the output of a solution
with respect to whether or mot it has met the constraint.
Further, it can recognize inputs that signal failures to
do so. Hence, there is the potential for generating an
improved plan the next time round and doing so without
explicit external feedback as to what to do in order to
improve. We return to the issue of generality when we
consider the kind of evidence one can use to attribute
implicit knowledge of the counting principles to an indi-
vidual.

A Caveat - To be sure, it is necessary to focus on that
part of the input that is in fact relevant to the task of
learning more about the domain, Still, it is not suffi-
clent to do so. It is one thing to know what it is that
one must master and quite another thing to do so. Knowing
that the count words are the kinds of words one has to
master in order to use symbols as tags does not guarantee
that the learning will take place automatically. Indeed,
In the case of the count words of English, everything we
know about serial learming points to a protracted period
of learning. So, although we can explain the fact that
the young children and infants respond to the envirorment
in numerical ways before they could have been given ex-
plicit 1instruction to do so (e.g. Cooper, 1984; Strauss &
Curtis, 1984), this does not imply the patently false
conclusion that the Infants know all there 1s to know
about counting. Nor does it mean that none of the learn-
ing that has to be accomplished will be done by rote. It
simply means that children will get started on the right
course, a course that 1is likely to be very protracted.
For, given that they have to memorize, by rote, a long
count list in English, and given that serial learning
tasks are hard for college students, ultimate mastery of
the count 1list itself should take a long time. For a dis-
cussion of the further complexity involved in acquiring
urderstanding of the mathematical symbol system, see
Gelman & Greeno (in press).

A Point of Contact - The idea that principles serve to
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64 Gelman and Cohen

ject. The actual observed pointing and tagging assigmment
orders are represented by the flow of arrows.

The solutions depicted in Fig. 1 are examples of ones
generated by mnormal preschool children (Gelman et al.
1986). Row 1 shows that one way to succeed on the task is
to start counting at one end, skip X {f one has not yet
gotten to the appropriate point in the count list, and
then return to X when the tag in question is reached in
the 1list. Hence, the label "Skip-Around" for this kind of
solution. Another solution type involves recognizing that
the target item is iIn the same relative linear spatial
position from an end of the display as is the to-be-as-
signed tag in the count list, When this is the case, one
can then count from the left or right. Hence, our choice
of the label *“Correspondence-Capitalize® for solutions
showun in the second and third rows. (Note that such
solutions cannot be used on all trials, including the
kind shown in the first and last rows. Children who do
not realize this, will "pass" some trials if they simply
count as usual, For this reason, the reader should bear
in mind that upcoming analyses of strategy use required
that children used this solution selectively).

A final example of a possible correct solution, Corre-
spondence-Create, 1s shown 1in the bottom row of Fig. 1.
This solution involved moving items in the display to
create a correspordence between the spatial position of
the target item and list position of the to-be-assigned
count word.

Down Syndrome Children Might Have Trouble with a Novel
Task - Our account of how avallability of counting prin-
ciples might feed the generation of novel solutions in-
volved several components. The first was that the prin-
ciple-determined constraints serve to define the class of
acceptable performances. So should a response be inappro-
priate, the child could recognize this was the case and
at least start again. Second, If such constraints are op-
erative, they can serve in the selection of possible re-
sponses In the first place. That is they can lead to the
assembly of an appropriate plan. Third, if one is sensi-
tive to the constraints on an acceptable plan, then one
might well benefit from an experimenter’'s hints or re-
minders when one’'s solution failed to honor such con-
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straints.

All of the preceding regarding the role of principles
in the ability to solve a movel problem are variants on a
common theme: That principle-governed searches for novel
solutions can work te encourage children to monitor their
own performance, to try out solutions, and to generate a
plan that honors the counting constraints. Still, even 1f
children have implicit knowledge of the counting princi-
ples, there is no guarantee that they will succeed on all
novel problems. For, the children might know the counting
principles but not have a sufficiently developed plaming
capacity -- no matter what the domain. In Greeno et al's
(1984) terms, children might possess the relevant concep-
tual competence but be limited with respect to their pro-
cedural competence.

The Gelman and Greeno (in press) treatment of potential
sources of error that contribute to variable performance
highlights yet amother reason why all of our subjects may
fail. The generation of a competent plan of action is de-
pendent on the plamner's ability to monitor two sets of
constraints: Those that pertain to the conceptual compe-
tence being assessed and those that are dictated by the
task and the setting of the task. To deal with the latter
a variety of interpretative competencies need to be well
enough developed. These include ones that bear on under-
standing what to focus on in the instructlons, the do-
main-relevant terwms that are used in the instructions, as
well as the rules of question-answering for the experi-
mental setting (see also Donaldson, 1978; Siegal, Water,
& Dimwiddy, in press; Gelman, et al. 1986). So limits on
the ability to understand the instructions and rules of
the setting could serve as a systematic error source,
again even 1f children have implicit knowledge of the
counting principles.

Fortunately, there are some clues in the literature as
to how to proceed. Consider the following: Toddlers will
systematically alter their search for missing objects
(Deloache, 1984); young children alter their approach to
balancing blocks as a function of whether they generate a
"theory” of balarce or not (Karmiloff-Smith and Inhelder,
1974/75); as toddlers persist at playing with stacking
cups they become better at applying an ordering schema
(Deloache, Sugarman, & Brown, 1985). Together these find-
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the presentation. 2

The Children: The Preschool Children - The preschool sam-
ple consisted of 16 4-year-olds (Range, 48-59 mos. . Medi-
an -~ 53 mos.) and 16 5-year-olds (Range, 60-71 mos, Medi-
an = 63.5). About half of all of these children were re-
cruited for participation in the study in our laboratory
at the University of Pemnsylvania. The rest attended a
large, well-appointed and well-staffed Day Care Center in
the Northeast of Philadelphia. The center is sponsored by
the Philadelphia Federation of Jewish Agencies and favors
children from homes with a single working mother or two
working parents. Overall, the preschool sample served was
predominantly white, and tended toward the middle-middle
class.

We do not have MA levels for these children but given
our information about a variety of pertinent socioeconom-
ics factors, we think these would be slightly higher than
their CA’s. If so, all the 4-year olds and some of the 5-
year-old children represent a sample that overlaps the DS
sample with respect to MA. Some children have participat-
ed in studies other than the pretest assessment of their
counting levels and the constrained counting task. But
none of these involved arithmetic related stimuli.

The Children: Counting in the DS School Curriculum - We
have worked in two schools that serve retarded children
in the Greater Philadelphia Area. In both, counting in-
struction is a featured part of the school day. Children
get daily practice reciting the count list, counting sets
of objects, naming written mmerals, and learning simple
addition facts. In addition, they encounter counting ex-
perience at circle time, in the gym, on the playground,
etc. In short, theirs is a learning enviromment that is
inundated with counting-relevant inputs. Our preschool
children were clearly exposed to a variety of counting
opportunities, either at their preschool setting or in
their homes; we have no reason to doubt that the Saxe,
Guberman & Gearhardt (in press) observations of such in-
puts applies to the children in our study. Nothing in the
study or our own observations of preschoolers in a vari-
ety of settings suggests that the exposure of normal pre-
schoolers to explicit instruction in counting is as in-
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tense and pervasive as It is in the curricula at the DS
children’s school.

Procedures - The DS and preschool children reported on
below are best thought of as participants in two differ-
ent studies that have overlapping conditions. Both the
studles included pretests of counting levels and a common
constrained counting condition. The common constrained
task in the experiment proper was the one that was intro-
duced above: all the children were shown a heterogeneous,
five-item linear display and asked to count this row.
Next they were asked to make a target item "the one®,
while counting all items; then they were asked to make a
target item "the two"; next they were asked to make the
target item “"the three"’ then "the four"; and finally
"the five*. For half the preschool children the target
item was always the second one from the left: for the
other half of the preschool children, the target item
varied. In the DS study, th. target item could occur in
the second, third, or fourth position in a row.

In both studies, two experimenters worked with each
child in a quiet setting out of the classroom. During the
pretests for counting, one kept track of the children's
responses, including whether they pointed as they were
counted. During the experiment proper, one experimenter
interviewed the child, and the other video-recorded the
session. The experimenters in each study were told that
they could repeat or paraphrase the instructions. The ex-
perimenters for the Preschool study were told they could
not give their charges any explicit hints.

As indicated in Section IV, the experimenters who were
working with the DS children had mo prohibitions re-
garding explicit clues. As we will see, they often did
offer very explicit help. This is perhaps mot too sur-
Prising. For, the same experimental team found it neces-
sary to add a demonstration phase to our counting pre-
tests after we noticed that many of the children failed
to coordinate their recitation of count words with their
points. Since our goal during the pretest was to deter-
mine what the children could do in the way of counting,
the fact that never before had we run a demonstration
test phase with preschoolers did not seem reason enough
to avoid doing so with the DS children. (For further de-
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72 Gelman and Cohen

experimenter first counted, and while doing so, made sure
to point to and/or move each item as it was tagged.

As can be seen in the top half of Table 1, the two pre-
school and the DS groups of children counted equally well
when tested with the row of five heterogeneous items that
would serve as the stimulus set for the constrained
counting tasks. This means that they all started the con-
strained counting tasks from a common performance level.
Unfortunately, it 1is not clear that children in the dif-
ferent groups were in fact all equally good counters. Our
reason for saying this 1s presented in the bottom half of
Table 1.

If, for the moment, we ignore the DS children’s Demon-
stration scores, we can see that both groups of pre-
schoolers outperformed the DS children. It is only after
the experimenter had herself counted the set and as she
did, touched each item and counted aloud, that DS child-
ren could perform as well as either preschool group. Even
still it is not clear that the DS children were as good
as the preschool children at applying a principled under-
standing of cardinality. For the preschool children had a
harder cardinal task. They had to produce sets of 5 and 8
items, and do so by drawing the target number from a bag.
In contrast, the DS children simply had to answer the
"How Many?" question that followed their counting of a
set. Some researchers have contended that this question
can be answered solely on the basis of a rotely learned
tendency to repeat the last tag said when counting, and
hence, not on the basis of a principled understanding of
cardinality (e.g., Fuson, Pergament & Lyons, 1986). The
preschool children could not pass our assessment of their
use of the cardinal principle by simply repeating the
last count word used on a given trial. They had to keep
the target value in mind and then generate that value by
drawing N items from a bag. In other words, they had to
understand the role that counting played in the genera-
tion of the cardinal value. The DS children did not nec-
essarily have to wuse the same level of understanding
since they did not have to perform a task that required
ic.

In sum, the data on how well the DS and preschool
children count suggest that they are comparable when it
comes to meeting the requirement for participation in the
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novel task. However, there is a suggestion that the pre-
school children, especlally the 5-year-olds, had a better
understanding of the nature of counting. Cowposite pre-
test scores, ones that take into account the tendency of
each child to be consistent, (that is, never err in ap-
plying the one-one and stable principles), and to be able
to give some Indicatlon of the cardinal value of sets as
large as 8, fit well with this suggestion. The DS child-
ren were tested three times on each set size. If we ask
how many of them honored the one-one and stable order
principle on at least two of these trials and for both
set sizes 5 and 8, we find that only two of the ten DS
children met these criteria and hence got classified as
Excellent counters. One was 12 years old, the other one
was 10 years old. Their respective MA's were 6.10 and
5.9, both of which exceed the Median MA for the DS group
as a whole. In contrast, 37.5 and 62.5 percent of the 4-
year-old, and 5-year-old children met the criteria set to
classify them as Excellent counters,

Addicional data on the DS children’s mmerical abili-
ties suggested to us that the two excellent counters in
this group might differ qualitatively from the remaining
DS children in our sample. As a check on this possibil-
ity, we often will treat them as a subgroup (DS Group A)
and therefore analyze their data separately from those
for the rest of the group (Hereafter DS Group B). For the
constralned counting task could well pick up differences
in principal understanding as well as the ability to take
advantage of these when problem solving. Before turning
to the data from the experiment proper, some details re-
garding data reduction need be discussed.

Transcriptions of the videotapes - Transcriptions of vid-
eotapes from the constrained counting trials were built
up around the format shown in Fig. 1. Such diagrams were
placed alongside column entries described below. But for
one case, every attempt at a solution, no matter whether
it was correct or mot, was displayed on the transcription
sheets in a marmer like that shown in Fig. 1. The only
time this was not done was when a child started to count
the first {tem, stopped, and started again. In this case,
the self-generated restart of the trial was noted in a
Compents colum. Thus, for every inltial test trial and
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76 Gelman and Cohen

Figure 3. The Percent correct responses on the Constrain-
ed Counting Task shown as function of trial kind, group,
and whether the response was the first one for a trial or

not.
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tailed consideration of these results begins to support
the hypothesis that the B group of DS children represent
a qualitatively different sample with respect to counting
knowledge.

Differerces in Across-Trial Profiles - Figure 3 presents
a trial by trial summary of success levels, again as a
function of whether success occurred on the first attemspt
with a trial or not. Recall that each of the trials var-
ied in terms of which tag (1, 2, 3, 4, or 5) children
were asked to assign to a target item. The data for the
preschool children are shown on the left; those for the
DS children are presented on the right. Again we see a

persistent and positive effect of allowing preschool

children to attempt a solution more than once. More im-
portantly, a consideration of each bar graph suggests how
children in each group differed.

The 4-year-old children generated what is becoming a
familiar pattern for us. As in other studies, children of
this age improve both as a function of the opportunity to
retake a trial and as they moved from X = 1 to X = 3 (See
Gelman et al, 1986 for another example). So although they
did mot do especially well when they first confronted the
novel task (X = 1), they clearly "caught-on", despite the
fact that they never were told explicitly what to do. The
fall-off for X = 4 or 5 most likely reflects the working
of fatigue and difficulty factors {(cf. Gelman et al.,
1986). Contrast these youngsters’ performance with that
of the majority of the DS children (Group B in the upper
right hand cormer). It is clear that there was no effect
of repeating the trial for either X~l experience to the
X = 2. In fact, there seems to have been negative trans-
fer from the X = 1 experfence to the X = 2 trial. And al-
though there appears to have been some learning effects
by the X = 3 trial, these dissipated [See Wishart's chap-
ter in this volume for a similar unsteady pattern of re-
sponding in DS infants and toddlers.)

The bottom panels in Fig. 3 show that both the 5-year-
olds and Group A DS children benefitted from the opportu-
nity to repeat trials and did so just where one might ex-
pect this to have happened -- on trials that presented
some difficulty. In this regard the X = 3 trial results
are especially salient. To understand what might have
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80 Gelman and Cohen

ated the constrained counting task as a given trial pro-
ceeded.

Differences in Follow-ups to an Initial Unsuccessful At-
tempt - We have argued that the children who have implic-
it counting principles as a problem-solving resource are
also 1in a position to self-initiate a second attempt. The
following presents 2 lines of evidence that indicate that
the preschool children, but not the Group B DS children,
did just this,

In Fig. 5 we plot the extent to which a child's tenden-
€y to repeat a trial was self-initiated as opposed to ex-
perimenter-initiated. Since the two Group A DS children
made so few mistakes to start, they are not represented
in this or related analyses.

Figure 6. Mean number of experimenter’s utterances be-
tween a child‘'s first and final attempt to assign a given
item the target counting tag.
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Notice that the DS children seldom repesated a trial on
their own. In fact, 80X of the time that the DS children
did repeat a trial they did so becauss of something the
experimenter did first. Purther, we can show that the ex-
perimenter had to work mach harder to get DS children to
initiate a repeat of the trial. This is clear even if we
simply consider the amount of talk an experimenter pro-
duced between a child’s first and final effort.

Fig. 6 shows that Group B DS children heard an average
of about eight adult utterances per target trial. No oth-

Figure 7. Kinds and effectiveness of hints given between
a child’s first and final attempt on a given trial of the
task. Very explicit hints could take the form of instrue-
tions or demonstrations. Neutral hints were ones like "Do
you want to try that again?®.
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the second {tem froa the left.)

Child: (Pause) What? (Starts to count from the
candle, the targst item, tagging it 1 and continues)
2, 3. That's 3. (The 1item tagged 3 is actually in
fourth position.)

Counting Principle 85

of the protocols from the preschool study. Note the ab-
sence of both explicit hints as to what to do and any of
the kind of modelling of solution types that is part of
the above interaction between an experimenter and the DS
child.

Experimenter: Okay. This time make the candle be num-
ber three. When you get to mumber three, call the
candle rwamber three.

Child: (Nods yes. Pause.)

Experimenter: Okay, try that.

Child: Three?

Experimenter: Uh huh,

Child: Okay. (Child Produces an exact repeat of the
first attempt,)

Experimenter: Okay. Can you make the candle be rmmber
three this time?

Child: Yes. (No response, )

Experimenter: You made the mirror be three; I want
You to make the candle be three.

Child: (Pause.) One?

Experimenter: Make the candle be number three okay?
Start somewhere and start counting. Then when you
come to mumber three (Experimenter peints to the
target while saying three.) point to the candle. You
can move the candle around if you want. You can move
the candle out {Experimenter demonstrates.)

Child: (No response.)

Experimenter: However you want to do it, okay, you
try ic.

Child: Me?

Experimenter: Yeah.

Child: I try it?

Experimenter: Uh, huh. Go on,

Child: What?

Experimenter: (Points to the candle) Make the candle
be mmber three. [Eight further exchanges like these
occurred before the child finally tried to deal with
the task, again unsuccessfully. ]

The above interactions between an experimenter and a
given DS child contrast dramatically with the kind that
occurred between an experimenter and a preschool child.
This is illustrated in the following transcript excerpts

[Subject #4 (4 years, 2 months)]

(x = 4 trial)

Experimenter: Make the strawberry the 4. (The straw-
berry is in the second position from the left.)

Child: 1, 2, 3, 4, 5. (He counts across from left to
right.)

Experimenter: You just made the strawberry be mmber
2. Can you make it be mumsber 47

Child: (He counts starting with the leftmost item,
skips over the target, and continues counting to the
end of the row. He then skips back to tag the target
as 5.,)

Experimenter: Can you make the strawberry be mumber
47

Child: (He now starts again with the leftmost item,
skips over the target to tag the next two items (in
the third and fourth positions) as 2 and 3, and re-
turns to the target, tagging it as 4.)

Experimenter: Did you get everything?

Child: 1 didn't get that., (He now self-corrects but
Just repeats what he did on his second attempt at
this trial.)

[Subject #6 (4 years, 3 months) )

(x = 1 trial)

Experimenter: Make the bee the rumber 1. (The bee is
in the second position from the left.)

Child: (she counts from right to left from 1 to 4,
stopping after tagging the target as 4.)

Experimenter: I said to make the bee the rumber 1.
Child: (She now performs perfectly on this trial by
skipping among the items.)
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88 Gelman and Cohen

children, especially the &4-year-olds, had a tendency to
ignore the task constraint that they use a particular
cont word for a particular object. Hence, they received
a total of 15 reminders about this. Similarly, the pre-
schoolers had a tendency to forget that they were to do
this and yet count all of the set. So they heard the ex-
perimenter gay things like *Did you count all of them?*
Overall then, the results graphed in Fig. 7 indicate

simply encouraged to start over. Often as not, these
hints led to improved performance levels, despite the
fact that the experimenter did not provide explicit sug-
gestions as to how to improve. In contrast, DS children
were most likely to receive very explicit hints, which
included demonstrations of what to do. Nevertheless, such
feedback wes mnot especially effective. This is exactly
the pattern of results we indicated one should see if
normal children were able to bemefit from implicit prin-
ciples and DS children were not. To repeat, we pointed
out that children who already have scome impiicit knowl-
edge of the counting principles have the wherewithal to
recognize -- on their own -- their mistakes, to start
over, and to benefit from subtle hints, Children who are
not able to take advantage of such a supporting mental
structure have no resources other than those provided by
others (cf. Browm & Reeve, 1987). Worse yet, even when
those resources are presented to them, they are at risk
because they may fail to recognize the resources for what
they are worth -- just as some of the DS children failed
to benefit from explicit clues regarding a solution path.

Further Evidence: Differences in Error Types and Flexi-
bility - Recall that one need not use the conventional
count words of a given language in order to honor the
counting principles. But one camot double tag items or
omit {items in a set and still honor the principles. Given
these considerations, children who do have implicit un-
- derstanding of counting principles might be more willing
to alter the nature of the tags they use than to violate
basic constraints of the one-one principle. Our first
hint that this is indeed what some preschool children did

Counting Principles 89

came from our observation that some of them solved the
constrained counting problem by tampering with the con-
ventional order of the count 1ist. For exsmple, ons child
met our requast to make the second item from the left end
of a row “the three®, by tagging the items left to right
while saying "1, 3, 2, 4, 5". To be sure, this solution
does violate the stable order principle. However, it hon-
ors the one-one principle, a principle that one may want
to grant a special status given its mathematical import
(See Greeno et al., 1984, for a discussion of the mathe-
matical significance of the one-one principle). If so,
children might be expected to tolerate errorful plans
that violate their rote knowledge of the conventional
comting 1list if it means that they will still honor the
one-one principle .- assuming of course that they know
they should honor this principle.

To assess the merit of the foregoing line of reasoning,
we reviewed the transcripts of individusl children to see
whether they had inclinations to alter the conventional
count list order and if so, what sorts. For this analysis
we considered the expanded "doesn’t matter" data base we
had for the children. We did this in part because the
analysis depends on children making errors. Therefore we
looked at the responses the DS children made with hetero-
geneous displays of either five or eight items. In the
case of the preschool children, we also locked at their
answers when the displays were arranged in circles.

None of the DS children in Group B varied the conven-
tional order of the counting words. Most of the time,
this means that they made one-one errors instead. The
only way to avoid making one-one errors and still stick
to the conventional order 18 to start a tagging sequence
vith the target and 1it‘s requisite tag. Thus, for ex-
ample, a child who was asked to make a given item "the
three® did just that. She pointed to the {tem in question
and said "3" and then continued to count, thersby produc-
ing the count word string "3, 4, 5, 6, 7, 8" wvhile tag-
Bing the items. In fact this same child continued on the
next trial to make the same item “the four” by counting
*4, 5, 6, 7, 8, 9", an outcome which means her successive
counts could mot serve as evidence that the cardinal
value of a set is conserved over count trials.

Both groups of preschool children were less inclined
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92 Gelman and Cohen
On Inferring Causality: Proceed with Caution

We have shown that most of the DS children in this
study fit cthe associative learning model: In contrast,
the responses of the normal preschool children to our
novel counting task are better described by the princi-
ple-guided learning model of counting knowledge. Given
this, we can say that normal children are privileged in-
sofar as they are able to take advantage of a set of
counting-relevant principles in order to generate accept-
able responses even when confronted with a novel task,
They are also able to make sense out of subtle hints, the
ones that offer 1ittle, if any, guidance as to how to
correct an errorful plan., Also, they seem motivated to
stick with a problem until they find a way to solve it.
These results are buttressed by the findings that show
that, all over the world, individuals invent counting so-
lutions to solve aritlmetic problems confronted in their
everyday 1lives, whether or not they have had any formal
schooling (e.g., Carraher, Carraher, & Schliemarm, 1985;
Lave, 1977; Posner, 1982; Scribner & Cole, 1973). Togeth-
er, these findings converge on two clear conclusions:
First, wnormal individuals are able to assimilate whatever
mathematically meaningful inputs they encounter, and can
do so, as it were, on the fly. Second, they can generate
solutions to some problems, even if they have not been
given guldance on the matter, in either a hinting or more
direct fashion. These conclusions fit very well with the
rational constructivist account of the acquisition of
counting knowledge. They are not so obviously consistent
with the associationist account.

Although we are able to reach the foregoing conclusions
for normal children, we cannot conclude that DS children
lack an initial skeletal base of counting principles by
dint of their genetic history. Indeed, it is not clear
that we can conclude they totally lack the initial bene-
fit of some skeletal set of counting principles. When we
introduced our research plan we were careful to point out
that should we find that DS children actually produced
qualitatively different solutions than normal preschool
children, we would not have license to attribute the dif-
ference to the genetic variables known to contribute to

Counting Principles 93

Down Syndrome. As has been discussed elseshere in this
volume, there is a wide range of variables that need to
be considered even if we should find that it is only DS
children who differ as described here from normal child-
ren. And, of course, it is necessary to determine whether
similar results would obtain for children who suffer from
other kinds of mental retardation. Baroody’s (1986) study
of counting abilities in mildly retarded children high-
lights this possibility. It is also necessary to consider
whether the same findings would hold were the DS children
offered a different curriculum.

Are the Results Counting Principle Specific? - Assuming
that we could determine the range of variables that con-
trol the described differences, we still wmust ask whether
we can ascribe the differences to the presence or absence
of an initial base of implicit counting principles. One
clear possibility is that the difference is due more to
the DS child's difficulty in learning to map mathematical
symbols to underlying principles. The evidence is mount-
ing that a variety of nornverbal organisms can count in a
principled way (Gallistel, in press, for a review). An
obvious way in which the human ability to count differs
from that of animals has to do with their ability to mas-
ter a mathematical symbol system that captures the nature
of these principles. Given that DS children's ability to
master another symbol system, that described by linguis-
tic principles, 1is limited, we must consider the possi-
bility that they are at risk in general when it comes to
mastering symbolic material in a principled way. It is
therefore entirely possible that DS children do have some
early, implicit understanding of some counting principles
but fail to develop them because of limits on their abil-
ities to master the mathematical meanings of count words
and other mathematical symbols, a task that we are begin-
ning to see is exceedingly complex and difficult for all
{e.g. Gelman & Greeno, in press; Resnick, 1987).

A Return to the Two Models ard Some Pedagogical Consider-
ations - We began with the idea that comparative research
can offer insights about the nature of human cognition.
Our comparisons of the ways the DS and normal preschool
children solved the constrained counting task support the
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