
































TAEIE 3

Distribution of Responses to the Twelve Commands of Experiment 1.

Data Expressed as Percentages.

Connective Command i Responée
¥XNY |XUY X b4 Misec.
1 97* 0 o 0 3
5 Lo#* 13 20 11 12
XNy ‘
7. 96 ¥* 0 2 2 )
10 go% 0 3 2 3
_ 2 11 3% 33 0 2%
XUY
S 11 L7 - F¥ 25 6 19
Xor ¥ 6 9 6 5% DE¥ 17
Response
Commective  Command _ _ 1 = _
XNY |XUY | XNZY |I'X ny| X Y | Misc,
3 56% 0 23 o 1l 0 5
XNy 8 56% 0 o5 % 8 0 8
12 56% o) 30 3 5 0 6
_ L 30 5% 2 0 12 |43 8
XUY -
g ke Z% 5 0 6 38 6

¥correct response
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first included the red sters (in response to command 4) with the objects
.fhey gave to the experimenter, but then verbalized "But these are stars,
and you said the red things and the things that are not stars,” and with
this cdmmeﬁt removed the red stars. Althpugh an order of selection clesrly
was suggestéd by the phrase "and then everything else...” very few éhildren
selected fhéif blbqks'iﬁ thié manner,. Mbst children picked up each block
gs 1t came to hand and.apparentiy testéd it against a membrized vefsion
of the COmmande

| For thé exclusive-or comménd the correct respbnse category is probably
inflated, for the'first-mentionedﬂset is a highly probable component of the
response irrespecti#e of the connective used.

Idiom. Table 3 shows that the form of the idiom used to express a
particulér'logical connective affected the difficuity of the command for
::the.spbjécts{:ﬁln;phe_caée of conjunction, the idiom of command 5, "Give
‘me éll thé. thiﬁés that are X and ¥," Wés especially difficulta The other
fhree (édmmaﬁds_l;'T, and 10) were quite easy, as reflected in the high
proportion of c@rféct requnseé, As for disjuncfion, only one idiom was
understood’with éﬁy success and thaf was "Give me the X things and the
Y things"t(COmmand_E)° The idiom of command‘ll.was oﬁviously very difficult

for the children.

Eegression_Mddels
| The discussion of regressiocn models follows Suppes, Hyman, and
Jerman (1967). The main task is to identify the factors that contribute
to the difficulty of the commands. TFactors to be examined include varistion
in the connective, the idiom, and the order of the properties. As a matter

of notation, the jth factor of command i in a given set of commands is

4
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denoted by fijo The statistical parameters ﬁo be estimated_from ﬁhe data

are the.wgights aj attached to each Tactor. We emphasi;e_that the fgctors

identified and used here are not abstract constructions from the datéo

:.Rgther, they are always objectlve factors identifiable by the experimenter
in the commands themselves, independent of any data analysis. Which factors

thrn out.to be importgnt is a matter of the estimated weights -aj7 Let

P be the_qbserved proportion of qorrect responses‘to command i_for the

group cof subjects. The central task of the model is to predict these ob-

- served proporﬁions? _The natural linear regression quel in ferms of the

fectors -fij and the weights 'aj is simply

= - o
Py = 2O Es g * Oy

Al the factors fij .used are O,l-vafiables'that take thé'value 1
when present and O when absent. The four connective factors were E

Cl = disjuncﬁion,.c i.conjunction, C., = negatibn, and ClL = exclusive-or.

2 3

The second type of factor considered was the form of the idiom used. Four

. 1diom facteors were used, namely, Il

Ie'z Give me.ail thé X fhings and everything élseooo; I5 = Give me the

X tﬁings énd/or the Y thingspuU} and Ih = Give me the X (things)'that are

= Give me the things that are Xoooy

Y, This classificétion.included 11 of the 12 éommandso The command not
ﬁncluded was the Tirst one, for it did not fit any of the fouf categofiES Iin
The final factor used was an order variable, Di’ which took.the valué 1
when:shape ﬁas the first-mentioned dimension.

A standard stepwise,-multiple linear regression program was used to

obtain regression coefficients, multiple correlation R, and 320




For the regression eguation

by = o89..--'.;5101 + u0802 + .13C

3

.+“°5511 - 651, - 2515 - »0514:% -03D,

"~ the muitiple R is 995, wifh a standard error of:.0263, Figure 1 shows
the predicted apd obserVeq success ratios. Altﬁough the Tit is good, it
must be reﬁeﬁﬁered that 9 parameters are being estimated {and thus 8
structuraliQariables are being used) to;ﬁake 1)l predictions.

Ir weiredﬁce the number of variables in the regression equation, the
: Problem-of?inte?preting the coefficient% is made easier snd the reduction
iﬁ-multiplé R éhd R2 is not very great;: Considering only thé Tirst four

variables.thatrentered in the stepwisé regression, the equation becomes

o

B’

p, = .6h - ,26cl.f“,2902 - 391, - .32l

_With é multiplélR of =99i,.and a étandard error of estimate of .O579.
Several feétures of the regression coefficients should be noted.
Disjunction commands are difficult, and conjunction commands are easy.
Negation does not;enter into this regression egquation, and the predictions
are satisfactofy without this variable. Iigure 2 shows the predicted and

observed success ratiocs.
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Figure'la Predicted and observed suécésg ratios with eight variables in the
: regression equation, Experiment 1.
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EXPERIMENT 2
Both regression snalyses in Experiment 1 show the significante of
connective and idiom #ariables, In order to invegtigate furthef'the role
" of idioms in children's understanding of sentential connectives; we per-
formed a second experiment with'a‘#ew group of subjects in which ﬁhe con-

. nectives and idioms were standardized in a manner described below.

Meshodland Procedure

Experimental Degign

The -subjects were'divided.into four groups, with aée and sex equated
across.the groupsuﬁ.Eéch grouprwas-given the same;éét of 12 commands, with
the order of £he cqﬁmands different for each grpupo Thus, type of connective
and type of idiom ﬁéré-ﬁithin—subject Variable;‘and order of commands was
a between-subject ﬁariableo Each subject was tésted individually.

. Subjects |

| The llEzsﬁbjeéfs between 4.6 and 6.0 years of age were drawn from
the Stanfofd Nursgry School and from the kindergarten classes of local
elementary_échéols{

Experimental Materials

These weré the‘saﬁé as in Experiment 1.
Procedure |

The tash'énd the instructions Wereﬂéimilar tc those described in
Experiment 1. However, the.idioﬁ and the connectives were standardized.
Three forms ofiidioms'wéfé used, They were:

L. Give me the things that are X and/or T

2. Give me the X ﬁhings-ana/or-fhe-y things.,

3. Give me the X and/or Y things.  ”

16




The operations included six disjunction commands,-four conjunction commands,
and two exclusive-or commands. Half of the commands ﬁithiﬁ_éach cénnective-
type invqlved negation, | | |
- The commands were as follows:
1. Give me the things that are red snd square.
2. . .Give me the round and black things.
3, Give me the things that are round or green,
4. Give me the black things and the sguare things.
5. Give me the red or star things.
6., - Give me the stars or the green things.
e Give me the things that are stars and not black.
- 8. Give me the red and not round tﬁings. |
9. :Give me the things fhat are red and not square.,
10.. Give me the round thingé and the not green things;
1mm_ Give ﬁe the 'square or not green things.
12, " Give ne ‘the black things or the not star things.

Four different orders of the commands were given.

RESULTS AND DISCUSSION

Response Distributions
.An'analysis of the responses made to the 12 cemmands is presented
in Table 4. The most striking finding for the six positive commands

o iy A e i WE R o e b T T

is that irrespective of the cdnnective and the idiom used the distribution
of responses for different commands is gimilar; the most frequent response
wag the intersection of two sets, followed in frequency by one of the .
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'Distribﬁtion of Responses to ﬁhe Twelve Commands of Experiment 2.

TARIE U

Data Expressed as Percentages.

: Responses
Comnective | Command | yny|xyy | x Y %(xnﬂ %(Xuﬂ:'%x %Y AlL | Miscs.
x Y ; Lo 10 5 ;_7 1 | 2 12 3 Lo 14
: 2 3l 10 9 13 n 7 2 2 19
s 0. 1 |16 | o 0 vl s | 6 | 13
LUy b 21 145 21 5 0 15| 2 1] 23
5 3l 6" 19 17 0" 9 i 10
XY 6 | =1 6 | 21 13 0 o 137 b s | o1
. 7 1 - .
= _ ; : Responses
Compective | Command | y 0§ | gy XNZT | x U T X T 2Y | v | a1 e,
XAy 7 _3& b 2L 0 15 S 1 3 1 | 12
- 8 26 4 28 10 b 2.} b 1 | el
9 13 512 28 - 18 b Lo} o6 3| e2
XUY 10 17 7 ol 17 I 2 5 1] 23
11 8 12 17 0 15 6 6 | k& 5 | 29
X or Y 12 19 k] o2k 0 21 5 5 3 1] 17




mentioned sets. However, the connective influenced.the responses, for in
three of the six commands the most frequent response was the correct one,

© Purthermore; an examination of the intersection response over ali_six positive
commands revealed that the most frequent intersection response wﬁs to an
intersection connective. .Similarly, the most frequeﬁt union response was
to a union connéctiveo

The responses to the commands using negation showed the same general
trend, with similar distributions of responses even though different idioms
and different connectives were used. Unlike the responses to the posgitive
commands where the first- and second-mentioned selbs were given with approx-
imately the same frequency, for the negative commands, the first-mentioned
‘set was.given significantly more frequently than The second-mentioned set
(z ='6=6}_£‘< ,Ol)u However, since the second-mentioned S¢t was always
fhé complementary set, it is likely that the preference was less a primacy
effect than an_avoidance of the complementary set.

To test gsequence effects, chi-sguare tests were performed on each of
the 12.commands ovér the four different orders of administering the commands.
None of the 12 chil-squares was: significant, which indicated that the order
_of the commands did not affect the number of correct responses.

Regression Models

The four regression models tesgted were these: a connective model
with conjunction, disjunctilon, negetion, and exclusive-or as the variables;
an idiom model with one variable corresponding to each of the idioms used:
a connective-idiom model with all the idicms and all the connectives of
the first two models-includedj.and a connective-interaction model with

variables -of conjunction, disjunciion, exclusive-or, conjunction-negation,
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disjunction-negation, and exélusive-or-negation. The results of these:
four mecdels are summarized in Table 5. The column headed Number.of -

- Variables gives the number of variables that entered the stepwise

regression with Significant effect.
- Although the connective-interaction model had . the greatest predictive
power, it used five variables to prédict 12 items. For a very small reduction
in predictive power, we may use a iwo-variable connective model, the variables
" being disjunction and negation. The results for this connéctive model are
shown in the Tirst line of Table 5. Note that R° is.867 for this two-
:variable model,.which represents a surprisingly good fit for a model with
only three parameters and éontrasts sherply with the very bad fit éf the
~idiom medel, “In the idiom case,. only one variable entered the stepwise
regression; the remaining variableg did net significantly improve the fit.
Although RZ is.-.867 for the connéctive model, discrepaﬁcies still
“existed between the predicted and observed probabilities as shown in
Table 6.°

Mathematical Model of Regponse Distributionsﬁ'

A probabilistic model was consiructed that, for a given {ype of command
in Experiment 2, gssigns a probsbility to each type of response. Two types
of commands were distinguished:  the positive commands {1 to &) which
involve no negation, but only a binary operation, and the negative
,commands ('f to 12) which involve a negation, as well as a binary operation,

20



TABLE 5
Summary of Four Regressgsion Models Built

to Predict Correct Response to 12 Commands

o B ' 2 Number of

Model _ .R : Ué B ‘varizbles¥
Connective - - 951 | .35k | .B6T | 2
Idiom . S 067 | .918 | .005 1
_Connectivé-ldiom: .936 T 877 5
-Connective Intéraction .992 ,154 .983% 5

*This_reférs t0 the mumber of variables which entered
into the model with significant effect, -
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TABIE &

Obgerved and Predicted Probabilities of.aﬁ.Error

Using the Two-Variable Connective Model, Eipefiment 2.

édmmand

: Cbs.,

Pred.

Command

Obsqul

Pred.

1

.58
.66
.93

.86
.ol
66

7
7

.95

.95

95

AT

10
11

.66
. Th

1,00
1.00¢
1.00

LT3

83
.8%
© .99
.99
ﬂ99
.83
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In order to arrive at a complete response, for a given command, the subject

ﬁust proceed through several gteps. At each step he hands cne or two chjects

to the experimenter. The f{inal. answer,.or complete response, consists of

the set of all objects-that the subject gave to the experimenter. Different
types of respcnses correspond to different strategies the subject may adopt.
As~a firet atiempt to-apply a quentitative analysis té the types of
errors made,_we have grouped the response data together independently of
the command to'ﬁhicﬁ g response was given., Thuys, the first assumption of
.our model is that the-étrategy adopted is independent of the commsnd. We
do not beileve this is true when the finer detalls of the data are examined,
,but;_as we. shall see, we can use it in conjunction with some cther simplified
assumptions to obtain a model that fits the grouped.response deta fairly
.wella”
The model is_based on the subjects' choosing, with probability pi,
one of four mutudlly exclusive and exhsustive response strategies. Strategy 1
' islto respond on-a random basis, Stratégy 2 is to respond as if the binary
- connective of the command were that of conjunctibn or intersection. Strat-
_ egy.5 is to respond to the command by pajing attention to only one of the
two properties referfed to in the comménda Strategy 4 is to respond to
“the command by treating.the binary connective as one of disjunction or
union.:
The properties of our model may be formulated in four simple axioms.

Axiom 1. The subject chooses with probability Pys i=1, 2, 3, or k,

~independent of the actual command, one of the four strategies.

Axiom 2, If the subject adopts strategy 3, he considers either

‘property with egual probability.
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‘Axiom 3., If the command ig & negative one, -and if the subject adopts

ettt o e it

gtrategy 2, 3, or 4, he ignores the negation with probability - “v.

Axiom k. If the subject adopts straetegy 2, '3, or &, with probability p

he terminates his response seqguence before he hag. given a complete response,

except in the case of X N Y.

‘The last axiom would be more realistic if probzbility B .had been made
“the parameter of a stopping rule with.a truncated geometric distribution,
but this more fine—grainéd assumption cannot be applied to the grouped
~regponse data in'a direct way, and consequently, the artificially simpli-
Cofied assumption stated in Axiom 4 has been made. Also this stopping rule
has not been applied to strategy 2 in the case of positive commands, because
XN Y consists of only two objects in all cases,

It should be clesr how to use the axioms to derive the probebility
of a response to either. a positive or - a negative command in terms of the
Parameters pl, Pg! p5, pu,.ﬁ, and v, Using the notation adopted earlier,
- the probability of responding % X to a positive camﬁand, for instance,
:ds first the probability p5 of selecting strategy 3 that calls for attend-
~ing to a single property; then selecting  X:. rather than Y, which occurs
Iaccording to- Axiom 3 with probability %; and finally, terminating the
response before it is completed, which occurs with probability g. Thus,
the probability of this respénse is the product p5 % B. To take another
example, the probability of responding X N Y toa negative command is
first just the probability N ~of selectiﬁg strategy 2, then the proba-
“bhility 1 - v of not ignoring the negation, and finally, the probability
1 - p of completing the response. Thus, the probability of this response

t0 a negative command is pg(l - v){1 - B). Using this same method of
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analysis, it is easy to obtain the probabilities of each response to the
positive or negative commands as shown in the following eguations, where
' P(_JP) is the conditional probability of a response to a positive command

and P(_|N) to a negative commend.

Pésitive Commands _ _ Negative Commands
Pr[Misc|P] = p, Pr{Misc{N]  =p,
_Pf[XJﬂY[P]' '=.p2 : Pr[i XFW?IN] = pg(lnv):
S . 1. T _
Pr[Z X!_P] . =pg58 PriXny|N] = p,(1-v)(1-p)
er{x|P] = py 5 (1-p) PrxnT[N] = p,v
Pf[-%x}.’l?]_ o = PB% B | Pr[%.xlm] = Dy %.B
Ceelvlpl. =gz (1p)  PelEiM = p, 5 (1-8)
mlp (Un)E) = pyp Pz TIN] = b5 (1-)p
Pr{X U Y|P] - p,(1-) CE[EF] =3 (1-v)(2-8)
o o | ' | ' 1 3 1
| B DR . _ Pr[ﬁ 7| W) =Pz 3 vE
Pr[Y]_N] = Dy % v{1-8)
Priz XUTIN] = py (1-v)p

PrIXUTIND = p, (1-v)(1-p)
Pr[i XUY[N] = pp
Pr(XyY|N] = puv(l-.ﬁ)

Because each of the probabilities shown in the above eguations is a

simple multinomisl, it is easy to derive the maximur-likelihcod estimates
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of the five parameters. The empirical data from which the estimates were

made are shown in Teble 7, along with the predicted probsgbilities. The

gstimates for the five parameters obtained from the data in the table are
the followings Dy = .1867, B, = .39%, Dby = 3489, B, = .06h8,
é = .3754, and V= ,1682. Using these estimates, we computed fhe
predicted prdbabilities of each type of response to the positive and
negative commands. The comparison of the predicted and observed probabil-
.ities is shown in Table 7. As can be seen from this table, the it of the
predicticons to thé data 1is reésonably good. As is typical in evaluating
the goodness of fit of a mathematical model to response data from a large
experiment (over 1500.responses), 8 ¥X° measure-of-fit sharply rejects
© the null hypothesis,.but the qualitetive it is good enough to encourage
further model-building efforts in this area,

| _'One weakness of the model is the averaging wé have imposed upon the
data by ignoring the command itself. Clearly, it 1z desirable to have a
mbdel ﬁhat takes more account of the fine structure of the data, However,
if one examines the current literature in mathematical learning theory,
it is apparent that as yet there have not been msny theoretical developments
that enable models to be.applied to data to asccount for the actual responsges
made rather than the percentage of errors. In the present case we are
especially encouraged, because the types of responses being given by the
subjects are complex. In spite of this complexity and the rather large
number of different types of responses possible, we have been relatively

successful in predicting.the patterns of actual responses. The kind.of
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- TABIE 7

Empirical Frequencies, and Observed and Predicted Probabilities

rof.Each Type of Response in Experiment 2.

Positive Commsnds

Negative Commands

Empirical

:Type Fregq. Observed- ' Predicted
Misc. 129 15 - .19
XNy 20k .30 40
1 .
=X 65 .08 .07
X 101 .15 .09
Ly 22 .04 .07
n
Y 78 .12 11
% XUy 1h .08 .03
XUy 59 .09 .04

Empirical

{

Freq. ‘Observed Predicted
122 .19 .19
16% .2l .12
131 .20 .20

39 .06 .07
9 .01 .07
107 .16 .11
28 .03 .05
23 .05 .09
H .01 .02
22 .05 .02
6 .01 .02
0 .00 .:05
8 .01 .00
0 .00 .01




experimental. situation used in our two studies permits a more dgtailed
recording of data than has been reported here, _The experimenter can
,recéfd the éctuéi sequeﬁée bf objecté given in furnjéo the éxpefimenter
by the subject,'and also with scome additicnal effort, the latenéy of
theée partial respoﬁses. wﬂat is most desirable is tﬁaﬁmsubsequent
~studies-attempt to take'a;cdﬂntjpf these additional aspeéfs of subjecté’

responses.

CONCLUSIONS

 The:twoﬁexﬁeriments'reﬁorted here lead to résulfs thaf mﬁst bhe:
regarded as preliminary in character. More extensive and more detailea
studies,uespecially of the language in Which logical connectives are
-émbéﬂded; are requiréd béfoféjany general conclusioﬂs about the comprg—
:heﬁéién‘ofIlogical“chnecﬁiveafcan be drawn. Oﬁ.the other hand, thé
results of the th experiments, especially the results embodied.in the:
several linear regression models presented in the paper, show that we
can account for a:large part of the variance in responseé of the cﬁildfen
_by looking at the.pafticuiar:cdﬁneétiVes used in a command énd_also by
examining_the idiom in.which_fhése connectives were expre@seda i@hen the
idioms are standafdiﬁed.és in the second experiment, the'anal&sis of the
connectives alone is sufficient to account for more than 85 per7cent of
the variance in the behavior. It is to be noted of courselfhat:this
remark aﬁplies to the mean probabilities of respénse, ﬁo£ té individual
responses. Considering the resulis that have been reported:in a wide
variety of literaiure, it is notrsurprising that negation enters as an
important variablé in the second experiment. From the sbudies of
Eifermann (1961), Wason (1959, 1961), Wason and Jones (1963), and
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others, it might have besen predicted that in a regression analysis of
_ comprehensipn, negation would be a salient donnective'in terms of 4if-
ficulty of éomprehension° On the othef hand, 1t was unexpected that
negation would not be a significant variable in the first expefiment°
.This is probably.the result of a considerable dependence between negatiocon
and idiém variables, with the idiom variables béing somewﬁat better pre-
dictors, | |

It iéleasy-eﬁough.to éharactefize additiohal.lines of resear;h
needéd in terms of the comprehension of logical connectives. WQ have
nqt been gble to présent in this paper any picture of the developmental
 sequence in tgrms of age., If wguld be desifable to know more about how
éompréhension-changes with age.and with linguistic exposure. lFrom a
-péyﬁhélogicél.Stahdpdint, it woﬁld be'espeéially valuable to have a
R deeper understanding of why particular sorts of errors were made. The

mathematical model we have tested marks only a beginning in this direction.
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lETO avoid problems about the conservation of probability, l.2., to'guarantee

the predicted ?i. always lie between O and 1, in Experiment:E'the_standard
transformation

l—pi

z. = log

L Pj‘.

wag used, and the regression analysis was made in terms of Y not D

The reported R2 is for z;-

The first draft of this seétion was written in collaboration wiﬁh Bernard
Zarca, but he was not able to participste in writing the final graft of

the paper.
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