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Between reasoning

Robin Hérnig, Klaus Oberauer, and Andrea Weidenfeld
University of Potsdam, Potsdam, Germany

In two experiments we investigated three-term reasoning with spatial relational assertions using the
preposition berween as compared to projective prepositions (such as zo the left of). For each kind of
assertion we distinguish the referent expression (i.e., the grammatical subject) from the relatum
expression (i.c., the internal argument of the preposition; e.g., [The hedgehoglreterent_expression 15 20
the left of [the ﬁag]relammjxpression; [he snake]referemjxpression is between [the donkey and the
deer];elatum_expression)- Previous research has shown that integrating premises with projective preposi-
tions is easier (a) when the relatum expression of the second premise denotes an element already given
by the first premise (relatum = given), and (b) when the term denoting a given element precedes the
term denoting a new element (given—new). Experiment 1 extended this finding to second premises
with the preposition berween. In Experiment 2, between figured in the first premise. In this case, par-
ticipants built an initial preferred model already from the first premise, although such a premise is
indeterminate with respect to the array that it describes. Since there is no need left for integrating
the second premise, this premise is instead used to verify the initial model and to modify it when
necessary. A further investigation of conclusion evaluation times showed that conclusions were eval-
uated faster when they first mentioned the element that was included most recently into the mental
model of the premises. The use of premises with detween permitted the separation of recency of model

inclusion from recency of appearance of an element in a premise.

Research on spatial reasoning with three-term
problems has often been devoted to the derivation
of a conclusion from a pair of verbally presented
premises with both of them containing a projective
preposition (e.g., #o the right of;, above), as in (1):

1. The snake is to the right of the donkey.
The snake is to the left of the deer.

The two premises in (1) spatially relate a single
element, the referent (e.g., the snake in both pre-
mises), to a single relatum (e.g., the donkey and

the deer in the first and second premises, respect-
ively). In such premises, the referent expression
(the noun phrase denoting the referent) bears the
grammatical function of subject, and the relatum
expression (the noun phrase denoting the
relatum) bears the grammatical function of prepo-
sitional object. In previous work (Hérnig,
Oberauer, & Weidenfeld, 2005) we demonstrated
that the second premise is easier to integrate with
the first when the relatum expression of the second
premise denotes a given element introduced by the
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first premise rather than a new element. We called
this the relatum = given principle. One goal of the
present work is to extend this principle to spatial
descriptions involving derween.

The second premise of a determinate premise
pair like (1) always adds a new outer element to
the layout. A second premise with defween most
naturally adds a new inner element to the layout
by relating it to a complex relatum composed of
both of the given elements, as in (2):

2. The donkey is to the left of the deer. The
snake is between the donkey and the deer.

A second premise with derween, however, may as
well add an outer element to the layout, as does
(3), which also completely determines the same
layout as that in (2):

3. The snake is to the left of the deer. The
snake is between the donkey and the deer.

We think that speakers share our intuition that
the description in (2) sounds natural, whereas the
description in (3) sounds a bit odd. We attribute
this alleged oddity to a violation of the relatum =
given principle.

Relatum = given and given—new in premise
integration

We formulate our hypotheses within the mental
models account (Johnson-Laird, 1983), which we
recognize as a framework rather than as a unitary
theory (Garnham, 1996). Within the mental
models framework reasoning is understood as a
special instance of language comprehension.
Reasoners are assumed to comprehend premises
by way of constructing a mental model represent-
ing the situation described by them. Successive
descriptive statements referring to the same situ-
ation are assumed to be integrated in that they
are used to guide the successive elaboration and

refinement of an initial model. This view seems to
us particularly compelling in the domain of spatial
relational reasoning. What we primarily aim at is
a more elaborate specification of the processes by
which integration of premises is achieved.

For the premise pair in (1), the reasoner con-
structs an initial model from the first premise,
P1, with the snake on the right and the donkey
on the left. The second premise, P2, then tells
the reasoner where to add the new element, the
deer, to the initial model. On this account, P2 is
understood as to linguistically localize the new
element. In linguistic localizations, the relatum is
assumed to serve to narrow the domain in which
the referent is searched for or added (Miller &
Johnson-Laird, 1976). Hence, the relatum needs
to be given by the context of utterance, in our
case within the initial mental model. On the lin-
guistic localization account, the task of the rea-
soner comes close to the task of acting out a
placement instruction (for a similar view, see
Huttenlocher, 1968). For such a task it has been
shown that it is easier to implement a placement
instruction involving a given relatum than a new
relatum (cf. Clark, 1972; Huttenlocher &
Strauss, 1968). The need for a given relatum in
linguistic localization is also manifest in the
direct correspondence of a P2 involving a given
relatum, The deeryey is to the right of the snakegiven,
to a placement instruction involving the same
given relatum, Put the deerye,, to the right of the
snakegien. On the other hand, the P2 involving a
new relatum, The snakegiven is to the left of the
deerye, does not correspond directly to a place-
ment instruction, but rather, has to be taken as
something like Pur the deerye,, such that the
Snakegiven 15 to its lg 71

The idea that P2 is easier to integrate with a
given relatum than a new one is captured in the
relatum = given principle (Hornig et al., 2005),
according to which integrating P2 should be

1 Of course, one adheres to the instruction Put the deeryey, such that the snakegiven 15 to its left by putting the deer to the right of the
snake. From this, one might want to conclude that reasoners convert a premise involving a new relatum, The snakegiven is to the left of
the deere,, into its converse involving a given relatum, The deetye,, is to the right of the snakegiien. Conversion of premises has been
repeatedly suggested in the literature (e.g., Baguley & Payne, 2000; Hunter, 1957; Huttenlocher, 1968; Johnson-Laird, 1983). We

make no such claim on how reasoners treat premises involving a new relatum.
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easier when the relatum expression denotes one of
the given elements represented in the initial model,
and the referent expression denotes a new element.
Relatum = given predicts that integrating P2 of (1)
should be relatively difficult, since its referent
expression denotes the given element, the snake,
but its relatum expression denotes the new
element, the deer. Premise integration is expected
to be easier if P2 of (1) would be replaced by its
converse, The deerye,, is to the right of the snakegiyen-

Hoérnig et al. (2005) also address another prin-
ciple of premise integration, given—new. Given—
new was originally proposed by Clark and
Haviland (1977) as a general strategy in language
comprehension beyond simple sentences. As of
Clark and Haviland, integrating linguistic infor-
mation proceeds in three consecutive steps: (a)
Identification of the given information in the
current sentence; (b) access of the antecedent in
memory; and (c) integration of the new infor-
mation relative to the antecedent. On this
account, antecedent access is speeded up when
the given information comes early in the sen-
tence—that is, when the given information
precedes the new information. According to
given—new, premise integration should be easier
if in P2 the expression denoting the given
element precedes the expression denoting the
new element. Premises as in (1) are of canonical
word order since the grammatical subject precedes
the verb—that is, the referent expression is in pre-
verbal position whereas the relatum expression is
in postverbal position. For premises with canonical
word order (henceforth, canonical premises),
given—new predicts the opposite of relatum =
given: P2 of (1) should be easy to integrate since
the preverbal referent expression denotes the
given element and precedes the postverbal
relatum expression denoting the new element.
Hoérnig et al. resolved the conflicting predictions
of relatum = given and given—new for canonical
premises by varying word order of German
premise pairs with projective prepositions.

BETWEEN REASONING

In addition to canonical premises, they tested
premises with noncanonical word order—that is,
premises with a preverbal relatum expression and
a postverbal referent expression (henceforth, non-
canonical premises; e.g., Links vom Hirsch ist die
Schlange/To the left of the deer is the snake).
Changing a P2’s word order from canonical to
noncanonical inverts the order of the expressions
denoting the given and the new element. A non-
canonical premise obeys relatum = given as well
as given—new when the preverbal relatum
expression denotes the given element, and the
postverbal referent expression denotes the new
element. Conversely, a noncanonical premise vio-
lates both principles when the preverbal relatum
expression denotes the new element, and the post-
verbal referent expression denotes the given
element. Taking P2 comprehension times as indi-
cating difficulty of premise integration, Hornig
et al. showed that premise integration was easiest
when the preverbal relatum expression denoted
the given element, but most difficult when the
preverbal relatum expression denoted the new
element, with noncanonical word order in both
cases. Integrating canonical P2s was of intermedi-
ate difficulty. Specifically, the effort to integrate a
canonical P2 was the same, regardless of whether
the postverbal relatum expression denoted the
given element (violates given—new) or the new
element (violates relatum = given). Hérnig et al.
argued that the violation of either principle,
relatum = given or given—new, impaired premise
integration to a comparable degme.2

There is evidence from languages other than
German that relatum = given may preponderate
given—new. Dutch canonical P2s (De Vooght &
Vandierendonck, 1998) as well as English canoni-
cal P2s (Baguley & Payne, 2000) were found to
be easier to comprehend when the denoted
relatum was given, although these premises had
new—given order. We explain this “given—new
disadvantage” by relatum = given outweighing
given—new and conclude that the relative weight

2 We failed to observe a difference in P2 comprehension times for canonical premises in two further experiments, one of which is

documented as Experiment 2 in Oberauer, Hérnig, Weidenfeld, and Wilhelm (2005); the other one has not been published.
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of relatum = given and given—new might vary, for
instance, between languages. Thus, we might be
able to identify instances for German, too, where
relatum = given dominates given—new. We
think that the preposition berween is a good candi-
date to yield such an instance. Establishing a com-
posite relatum built by the two elements given
within the initial model should be relatively easy,
whereas it should take appreciable effort to build
the relatum of one of the given elements together
with the new element that is not yet integrated
within the model. In (2'), we repeat P2 of the
sound example (2) of a P2 with erween:

2'. The snake,., is between the donkeygiyen
and the deergiyen.

In (2'), the new referent, the snake, is spatially
related to a composite relatum consisting of
two elements, the donkey and the deer, both
of which were introduced by P1 and both
being included in the initial model. Hence, (2')
is faithful to relatum = given. Being understood
as a placement instruction, (2') corresponds to Put
the snakene,, between the donkeygiyen and the deeryiyen.
In (3") we repeat P2 of the odd example (3) above:

3. The snakegiyen is between the donkeygiyen
and the deer..,.

In (3), the given referent, the snake, which is
already part of the model, is spatially related to a
composite relatum consisting of two elements—
one of them, the donkey, being part of the
model, but the other one, the deer, being new.
We think that (3) sounds odd because it violates
relatum = given. When apprehended as a place-
ment instruction, (3') is not a pragmatically
well-formed assertion since it does not directly
express where to put the new element, the deer.
That (2') is more natural than (3') is further
strengthened by the fact that the given composite
relatum of (2) can be even left implicit, as
in The snake,ey, is in between, when uttered in the
context of an array of the deer and the donkey.
We have argued that (3) sounds odd because
it violates relatum = given. In contrast, a P2 with a
projective preposition violating relatum = given—
for example, (1)—does not sound odd. Such

premises have been used throughout in three-term
reasoning tasks, and it has even been suggested
that a premise pair of this kind would be easiest to
integrate—namely, The donkey is to the left of the
snake. The snake is to the left of the deer (e.g.,
Hunter’s, 1957, isotropic premises A >B:B > C in
relational reasoning or Johnson-Laird’s, 1983,
Figure 1, AB:BC, originally proposed to be easiest
in syllogistic reasoning). As applied to spatial
reasoning with projective prepositions, this sugges-
tion turned out to be wrong. German canonical
P2s violating relatum = given nevertheless were
not more difficult to integrate than P2s violating
given—new. We expect, however, that a violation
of relatum = given will more heavily impair
integrating P2s with berween.

EXPERIMENT 1:
BETWEENIN THE SECOND PREMISE

Experiment 1 was designed to compare premise
integration of P2s with a projective preposition
versus P2s with the preposition berween. Our aim
was to replicate the findings of Hornig et al.
(2005) for projective prepositions and to extend
them to P2s with berween. In particular, we
expected to confirm the relatum = given advantage
as well as the given—new advantage for both
types of preposition. Moreover, we predicted for
P2s with berween that relatum = given affects
premise integration to a larger extent than does
given—new. Canonical P2s involving a given
relatum (and new—given order) should be read
faster than canonical P2s involving a new
relatum (and given—new order) when derween

figures in P2.

Method

Participants

A total of 24 students of the University of
Potsdam, 22 female and 2 male, between 20 and
30 years old (mean: 22.4), took part in
Experiment 1. They either fulfilled undergraduate
requirements or were paid 5 € (about US $6).
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Materials

A total of 128 three-term items were constructed
along the following lines. The three terms of an
item named animals (e.g., snake, donkey, deer),
fruits or vegetables (e.g., raspberry, apple, carrot),
vehicles (e.g., van, carriage, bike), musical instru-
ments (e.g., trumpet, piano, violin), or other
common objects of everyday life (e.g., pipe, pencil,
key). The type of preposition used in P2 was
varied between items—that is, half of them con-
tained a projective preposition (above, below, to the
right of, to the left of were counterbalanced across
items); P2 of the other half of the items contained
the preposition berween. Care was taken to ensure

BETWEEN REASONING

that items of both types of preposition were
equally distributed across object categories.

For each item, P2 was varied with respect to
relatum (given vs. new) and word order (canonical
vs. noncanonical). With between in P2, the com-
pound relatum counts as given if the two conjuncts
of the coordinate complement of the preposition
denote the two given elements introduced by P1.
The relatum counts as new if one of the conjuncts
denotes a new element. Combinations of P2s
using a projective preposition with the antecedent
being introduced either by the relatum expression
or by the referent expression of P1 were counter-
balanced. Likewise, combinations of P2s using

Table 1a. Example of the eight variants of a German item with a projective preposition in the second premise in

Experiments 1 and 2

P1

P2

NEW RELATUM-CANONICAL WORD ORDER

Der Igel ist rechts von der Gemse.
The hedgehog is to the right of the chamots.

or

Die Gemse ist links vom Igel.
The chamois is to the left of the hedgehog.

Der Igel ist links vom Frosch.
The hedgehog is to the left of the frog.

GIVEN RELATUM-CANONICAL WORD ORDER

Der Igel ist rechts von der Gemse.
The hedgehog is to the right of the chamois.

or

Die Gemse ist links vom Igel.
The chamois is to the left of the hedgehog.

Der Frosch ist rechts vom Igel.
The frog is to the right of the hedgehog.

NEW RELATUM-NONCANONICAL WORD ORDER

Rechts von der Gemse ist der Igel.
To the right of the chamois is the hedgehog.

or

Links vom Igel ist die Gemse.
To the left of the hedgehog is the chamois.

Links vom Frosch ist der Igel.
To the left of the frog is the hedgehog.

GIVEN RELATUM-NONCANONICAL WORD ORDER

Rechts von der Gemse ist der Igel.
To the right of the chamois is the hedgehog.

or

Links vom Igel ist die Gemse.
To the left of the hedgehog is the chamois.

Rechts vom Igel ist der Frosch.
To the right of the hedgehog is the frog.

Note: P1 = first premise. P2 = second premise. English translations are in italics.
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Table 1b. Example of the eight variants of a German item with between in the second premise in Experiment 1

p1

P2

NEW RELATUM-CANONICAL WORD ORDER
Die Schlange ist links vom Esel.
The snake is to the left of the donkey.

or
Der Esel ist rechts von der Schlange.
The donkey is to the right of the snake.

GIVEN RELATUM-CANONICAL WORD ORDER
Der Esel ist rechts vom Hirsch.
The donkey is to the right of the deer.

or
Der Hirsch ist links vom Esel.
The deer is to the left of the donkey.

NEW RELATUM-NONCANONICAL WORD ORDER
Links vom Esel ist die Schlange.
To the left of the donkey is the snake.

or

Rechts von der Schlange ist der Esel.
To the right of the snake is the donkey.

GIVEN RELATUM-NONCANONICAL WORD ORDER

Links vom Esel ist der Hirsch.
To the left of the donkey is the deer.
or

Rechts vom Hirsch ist der Esel.
To the right of the deer is the donkey.

Die Schlange ist zwischen dem Esel und dem Hirsch.
The snake is between the donkey and the deer.

Die Schlange ist zwischen dem Esel und dem Hirsch.
The snake is between the donkey and the deer.

Zwischen dem Esel und dem Hirsch ist die Schlange.
Between the donkey and the deer is the snake.

Zwischen dem Esel und dem Hirsch ist die Schlange.
Between the donkey and the deer is the snake.

Note: P1 = first premise. P2 = second premise. English translations are in italics.

between with a P1 with either congruent or incon-
gruent term order were also counterbalanced
(cf. Table 1a). Word order was always the same
for both premises of a pair.

These variations resulted in eight variants of
each item, which were assembled in eight different
versions of the material such that each version con-
sisted of 16 items for each cell of the three-factorial
experimental design of Preposition Type (projective
vs. between in P2) x Relatum (given vs. new) x
Word Order (canonical vs. noncanonical).

Each item was also assigned a conclusion,
which was of the same word order as that of the
premise pair. A conclusion contained either a pro-
jective preposition (for all items with befween in P2
and half of the items with a projective preposition

in both premises) or the preposition derween (for
half of the items with a projective preposition in
both premises). Half of the conclusions of either
preposition type was valid, the other half was
invalid. The treatment of conclusions is outlined
in more detail below in a separate section where
we report the results of conclusion evaluation
times for the two experiments together.

Procedure

Participants were tested individually at a personal
computer. They were told that they would read
descriptions of layouts of three pictures each,
hanging on a wall either beneath each other or
beside each other. The session began with 4 practice
trials, followed by the 128 experimental trials

1 810 THE QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY, 2006, 59 (10)
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Figure 1. Mean log-transformed P2 comprehension  times,
separately for P2s with a projective preposition and P2s with
between, as a function of word order (canonical s
noncanonical) and relatum (given vs. new).

randomized for each participant. After participants
had started a trial by pressing the space bar, P1
appeared in white on black two lines above the
middle of the screen, centred on a single line.
Participants were instructed to press the space bar
as soon as they could imagine the layout (P1 compre-
hension time). Then P1 was replaced by P2, white
on black, centred on a single line in the middle of
the screen. Participants were told to press the space
bar as soon as they could imagine the whole layout
(P2 comprehension time). After pressing the space
bar again, P2 was replaced by the conclusion,
printed in yellow on black centred on a single line
two lines below the middle of the screen. By pressing
the yes-button or the no-button, participants judged
whether the conclusion followed from the two pre-
mises (valid conclusion) or not (invalid conclusion).
The time from the onset of the conclusion until
the pressing of the button was measured as con-
clusion evaluation time. After judging the con-
clusion, a display announced that pressing the
space bar would start the next trial.

Results

P2 comprehension times
Analyses are based on the natural logarithm of
P2 comprehension times for trials in which the

BETWEEN REASONING

Table 2. Mean comprebension times® for the second premise as a
Sfunction of relatum and word order, separately for projective
prepositions and between in the second premise, for Experiment 1

Canonical Noncanonical
P2 preposition Given New Given New
Projective 5,147 5,790 4,330 7,560
(8.405) (8.491) (8.211) (8.785)
Between 6,164 7,048 5,550 9,399

(8.589) (8.697) (8.500) (8.999)

Note: P2 = second premise. Log-transformed data are in par-
entheses. Canonical and noncanonical signify word order.
Given and new signify relatum.

“In ms.

conclusion was judged correctly. This was the
case in 85% of all trials, ranging from 97% to
67% per participant. Except where indicated other-
wise, analyses of untransformed data yielded the
same effects as did the analyses of log-transformed
data. For each participant, comprehension times
that were three standard deviations larger than
their mean were classified as outliers and were dis-
carded from the analyses. Mean values of log-
transformed data are plotted in Figure 1 and
listed in Table 2 together with untransformed data.

As predicted by relatum = given, there was a
large effect of relatum, F(1, 23) = 174.214, p <
.001, 7> = .883. P2s involving a given relatum
were read faster than P2s involving a new
relatum (5,298 vs. 7,449 ms). As predicted by
given—new, relatum interacted with word order,
F(1, 23) = 161.334, p < .001, 7> = .875. On
average, P2s with given—new order were read
faster than those with new—given order (5,680
vs. 7,068 ms).

Relatum did not interact with preposition type,
F < 1—that is, the impact of relatum = given
was alike for both types of preposition. However,
relatum = given had a stronger impact on P2
comprehension times than had given—new, as
is evident by a “given—new disadvantage” for
canonical premises, #23) = 4.170, p < .001.
Canonical P2s were read faster when the relatum
was given, and the order was new—given, than
when the relatum was new, and the order was
given—new.
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Further, canonical P2s were read faster than
noncanonical P2s (6,037 vs. 6,710 ms), F(1, 23) =
11.930, p = .002, 7 = 342, indicating that the
benefit of a preverbal relatum expression denoting
the given element was not as large as the costs of
a preverbal relatum expression denoting the new
element.

Finally, P2s with projective prepositions were
read faster than P2s with between (5,707 wvs.
7,040 ms), F(1, 23) = 89.920, p < .001, n° =
.796. This effect is most probably due to P2s
with a projective preposition being shorter in
length than P2s with derween (8.60 vs. 13.06 sylla-
bles). An analysis of comprehension times per
syllable yielded a reliable but opposite effect of
preposition type (630 ms vs. 537 ms for projective
prepositions and befween, respectively), with all of
the other effects being the same.

P1 comprebension times

Log-transformed P1 comprehension times were
reliably shorter for canonical P1s than for nonca-
nonical Pls (6,240 vs. 6,494 ms), F;(1, 23) =
4.697, p = .041, 7 = .170; Fy(1, 127) = 6.529,
p=.012, > = .049.

Accuracy

For each participant error rates were computed for
each cell of the three-factorial design of preposi-
tion type, relatum, and word order. The analysis
exhibited a main effect of relatum, F(1, 23) =
9.522, p = .005, n* = 221, which was qualified
by its interaction with preposition type,
F(1, 23) = 6.468, p = 018, 7° = .219. After
P2s with projective prepositions, accuracy was
the same for given and new relata (14.1% vs.
14.6% errors). After P2s with between, errors
were much less frequent for given relata than for
new relata (13.1% vs. 19.9%).

Discussion

Experiment 1 confirmed that spatial premise
integration with a projective preposition in both
premises is subject to two principles: relatum =
given and given—new. Beyond this replication of

Hérnig et al. (2005), Experiment 1 revealed that

both principles apply as well when the second
premise contains the preposition berween.
Relatum = given claims that the second premise
is easier to integrate when it relates a new referent
to a given relatum, irrespective of whether the
relatum is a single one, as in the case of a projective
preposition, or a composite one, as with bezween.
On the mental models account (Johnson-Laird,
1983), premise integration is achieved by adding
the new element to the elements already given
within the initial model. It is on the mental
models account that we expected reasoners to
understand the second premise as telling them
where to add the new element and that the
second premise is thus apprehended as an act of
linguistic localization. The advantage of a given
relatum is explained by its narrowing the domain
where to add the new element to the initial model.

In addition to relatum = given, as predicted by
given—new, second premises are easier to integrate
when the expressions denoting the given elements
precede the expression denoting the new element,
irrespective of preposition type. Taken together,
second premises are easiest to integrate when the
relatum expression denotes the given element
and precedes the referent expression denoting the
new element, but integration is most difficult
when the relatum expression denotes the new
element and precedes the referent expression
denoting the given element, with noncanonical
word order in both of these conditions.
Integrating premises with canonical word order,
which always violate one of the two principles, is
of intermediate difficulty. However, violation of
either relatum = given or given—new did not
impair premise integration to the same extent.
As predicted for premises with between, a canoni-
cal premise with new—given order, but involving a
given relatum, was easier to integrate than a cano-
nical premise with given—new order, but involving
a new relatum. This “given—new disadvantage”
carried over to canonical premises with projective
prepositions, a finding that is not in line with
the results of Hornig et al. (2005) who found no
difference for German canonical premises (see
also Footnote 2). The “given—new disadvantage”
for  canonical premises with  projective
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prepositions, however, has been previously
observed for Dutch (De Vooght &
Vandierendonck, 1998) and English (Baguley &
Payne, 2000). We suggest that the stronger
impact of relatum = given in Experiment 1, as
compared to the Hornig et al. study, has been
induced by the additional material—that is, the
premise pairs with befween in the second
premise. The more severe violation of relatum =
given in the case of berween seems to have
increased participants’ sensitivity to such a viola-
tion in general.

Whereas premise integration times did not bear
out a differential impact of relatum = given depen-
dent on preposition type, we found such a differ-
ence for accuracy. With berween in the second
premise, participants were more accurate when
the composite relatum was given rather than
partly new. With projective prepositions, accuracy
was the same for given and new relata. This, again,
is in contrast with Hérnig et al. (2005) who
obtained more errors for new relata than for
given relata with a projective preposition in both
premises. The comparison of the present
experiment with that of Hérnig et al. hints at a
trade-off between the amount of effort spent on
premise integration and the number of resulting
errors. Whereas the participants in our
Experiment 1 spent some extra time on integrating
premises involving a new relatum and were as
accurate as with premises involving a given
relatum in the verification task afterwards, the
participants of Hornig et al. spent comparatively
less effort on integrating premises involving a new
relatum, but they made more errors afterwards.

It would have been interesting to see whether
premise integration is as such more difficult with
between or with a projective preposition in P2.
Unfortunately, premises with a projective preposi-
tion are systematically shorter in length than
premises with derween. Comprehension times for
the whole premise were reliably longer for the
longer premises with between, whereas compre-
hension times per syllable were reliably shorter.
Since comprehension times reflect premise inte-
gration rather than merely comprehension of the
sentence, it is uncertain whether correcting

BETWEEN REASONING

comprehension times by number of syllables is
the more adequate measure. We think, therefore,
that our data do not decide whether premise inte-
gration is as such more difficult with a projective
preposition or with dezween.

Reasoning strategies to cope with
indeterminacy

The layout described by a premise pair remains the
same when the two premises are interchanged with
one another. Mental model construction, however,
may differ tremendously dependent on the order in
which the two premises are presented (e.g.,
Ehrlich & Johnson-Laird, 1982). In particular,
model construction might be different when the
premise containing between is presented first, as
illustrated by (4). The two premises of (4) are
those of (2), yet in reverse order—that is,
between figures in P1 instead of P2.

4. The snake is between the donkey and the
deer. The donkey is to the left of the deer.

P1 of (4) fails to describe a determinate layout.
The layout becomes determinate only after P2
has been presented. Mani and Johnson-Laird
(1982) discuss two options for how to deal with
an indeterminate assertion like A cup is next to a
spoon. One is to memorize the assertion in its
verbal (or propositional) form without construct-
ing a model; the other is to construct all possible
models compatible with the assertion. Mani and
Johnson-Laird present evidence that reasoners,
presented with five-term problems, avoid con-
structing a mental model when the whole set of
premises remains indeterminate with respect to
the model. Instead, reasoners apparently attempt
to memorize premises in a language-like format.
In our case, P1 introduces a local ambiguity but
the two premises together determine the layout.
It would then be an option to memorize the first
premise, P1, in its verbal form and to process the
premises in their reverse order. The reasoner
would memorize P1 verbally, then read P2 and
construct an initial model from it, and finally inte-
grate the third element mentioned in P1 that was
not also mentioned in P2. If reasoners adopt such a
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strategy, initial model construction would have to
be deferred until P2 is presented, leading to an
overall increase in P2 comprehension times com-
pared to problems where P1 uses a projective pre-
position. The ensuing premise integration should
reflect the impact of relatum = given and given—
new. As in Experiment 1, both principles should
then affect P2 comprehension times.

The alternative option, as of Mani and
Johnson-Laird (1982, p. 181), would be “to con-
struct a set of such analogue representations
corresponding to the wvarious possibilities”.
The reasoner then would have to construct four
possible models for P1 of (4), The snake is
between the donkey and the deer. The array of the
donkey, the snake, and the deer can be ordered
from left to right, from top to bottom, from
right to left, or from bottom to top. If reasoners
indeed construct all of these models, they would
use P2 simply to select one of these models as
the right one. We also consider a third possibility:
Reasoners might build one specific model from the
indeterminate P1 with defween. There is evidence
that in the case of an indeterminate set of premises
reasoners construct a single mental model, and
they exhibit preferences for one of the set of
models compatible with the premises (e.g., Rauh,
2000). In our case, reasoners might, for instance,
preferably construct the model from left to
right—that is, they place the element denoted by
the first conjunct of the coordinate complement,
the donkey, to the left of the array, and they
place the element denoted by the second conjunct,
the deer, to its right with the snake placed in
between. If reasoners pursue such a strategy, they
read the second premise P2 in order to verify
whether their initial model agrees with P2. If the
preferred model disagrees with P2, it has to be
modified accordingly. Since such a modification
takes time, P2 comprehension times should be
shorter when P2 agrees with the preferred model
than when it disagrees. No such preference effect
should arise when reasoners construct all possible
models.

In any case, whether reasoners construct one
preferred initial model or several possible models,
once presented with the second premise, this

premise introduces no new element that has to
be integrated, since the initial models already
include all three elements. In this case it should
make an appreciable difference whether one
reads a P2 like The donkey is to the left of the deer
subsequent to a P1 with a projective preposition
or subsequent to a P1 with berween. Whereas the
former case requires integrating the new element
into a model with two given elements, the latter
case does not call for premise integration at all.
Since P2 does not introduce any new element if
tollowing a P1 with bdefween, neither relatum =
given nor given—new should apply in this instance.

In (4), we have considered the premise pair
with a given relatum of (2), yet in reverse order.
In (5), we consider the premise pair with a new
relatum of (3) in reverse order:

5. The snake is between the donkey and the
deer. The snake is to the left of the deer.

The premise pairs in (4) and (5) differ with respect
to whether the relatum is given or new only if the
premises are processed in reverse order. If P2 is
processed after building one or several models
from P1, the element denoted by the relatum
expression in the second premise of either (4) or
(5) is given within the models. (4) and (5) differ
with respect to the distance between the two
elements of which P2 asserts a relation. P2 of (4)
relates the two outer elements of the array
(remote relation), whereas P2 of (5) relates the
inner element of the array with one of its neigh-
boring outer elements (adjacent relation). We
might expect to find a symbolic distance effect—
that is, that a P2 asserting a remote relation is
easier to process than a P2 asserting an adjacent
relation (Potts, 1972, 1974). A symbolic distance
effect, however, is unlikely to be found for three-
term series because any second premise refers to
at least one of the outer elements of the array (cf.
the end term effect reported by Potts, 1974).
Since the distinction between a given and a new
relatum applies to P2s following a P1 with a pro-
jective preposition, but not to P2s following a P1
with between if premises are processed in the
order in which they are presented, we refer to
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the factor distinguishing (4) and (5) as relatum/
distance.

EXPERIMENT 2:
BETWEEN IN THE FIRST PREMISE

In Experiment 2, participants read a P2 with a
projective preposition, either following a P1 with
a projective preposition or following a P1 with
between. The experiment was designed to
examine what reasoners do when presented with
a P1 containing bdefween, which does not deter-
mine the model it describes. In particular, we con-
sider three strategies. Reasoners might memorize
P1 verbally and process the two premises in their
reverse order. In this case, the premises of a pair
with between would be processed in the same
order as that in Experiment 1. P2 comprehension
times should then reflect premise integration pro-
cesses regardless of whether P1 contains a projec-
tive preposition or befween, indicated by a main
effect of relatum/distance (relatum = given) and
an interaction of relatum/distance with word
order (given—new) for either P1 preposition
type. Moreover, since initial model construction
would have to be deferred until P2 is presented,
P2 comprehension times should be longer if fol-
lowing a P1 with between (initial model construc-
tion plus model integration) rather than following
a P1 with a projective preposition (model inte-
gration only). Alternatively, reasoners might con-
struct several models or one preferred model
from P1 containing between. No premise inte-
gration should occur in this instance—that is,
the main effect of relatum/distance and the inter-
action of relatum/distance with word order should
not generalize to P2s preceded by a P1 with
between. Whether reasoners construct all possible
models or only one preferred model is evaluated
by comparing comprehension times for P2s that
agree with the assumed preference and P2s that
disagree with it. We assume that constructing
the model from left to right or from top to
bottom is preferred over constructing the model
from right to left or from bottom to top (cf. De
Soto, London, & Handel, 1965). No preference

BETWEEN REASONING

effect should emerge when reasoners construct all
possible models.

Method

Participants

A total of 23 students of the University of
Potsdam, 20 female and 3 male, between 18 and
38 years old (mean: 22.4), participated in
Experiment 2. They either fulfilled undergraduate
requirements or were paid 5€. The data of one
turther participant have been lost due to a techni-
cal error.

Materials

The 128 three-term items used in Experiment 1
were also used in Experiment 2. Word order was
always the same for both premises of a pair. The
64 items with projective prepositions in both
premises were treated as in Experiment 1, except
that variation of relatum (given vs. new) was not
obtained by replacing P2 by its converse premise
(cf. Table 1a) but by manipulating P1 (e.g., P2,
The hedgehog is to the left of the frog, was combined
either with P1, The hedgehog is to the right of the
chamois, yielding a new relatum, or with P1, The
Jfrog is fo the left of the chamois, yielding a given
relatum).

For items with between, except for word order,
P2 was held constant while the variation of P1, the
premise containing bezween, yielded combinations
of P1 and P2 corresponding to those of
Experiment 1 with P1 and P2 interchanged (cf.
Table 3). As in Experiment 1, items were counter-
balanced with respect to term order congruency.
As a result of these variations, item variants vary
as to whether P2 agrees or disagrees with the
assumed preference to construct the initial model
from left to right or from top to bottom, as illus-
trated by the example of an item with the preposi-
tion /left of in P2 in Table 3. Since P2 of each
item was assigned a constant preposition in all of
its eight variants, items with above yield the same
preference conditions as the example with /f? of
in Table 3, whereas items with below or right of
yield the complementary preference conditions.
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Table 3. Example of the eight variants of a German item with between in the first premise in Experiment 2

P1

P2

ADJACENT RELATION-CANONICAL WORD ORDER

Die Schlange ist zwischen dem Esel und dem Hirsch.

The snake is between the donkey and the deer.

or

*Der Esel ist zwischen der Schlange und dem Hirsch.

*The donkey is between the snake and the deer.

Die Schlange ist links vom Esel.
The snake is to the left of the donkey.

REMOTE RELATION-CANONICAL WORD ORDER

*Der Hirsch ist zwischen der Schlange und dem Esel.

*The deer is between the snake and the donkey.

or

Der Hirsch ist zwischen dem Esel und der Schlange.

The deer is between the donkey and the snake.

Die Schlange ist links vom Esel.
The snake is to the left of the donkey.

ADJACENT RELATION-NONCANONICAL WORD ORDER

Zwischen dem Esel und dem Hirsch ist die Schlange.

Between the donkey and the deer is the snake.

or

*Zwischen der Schlange und dem Hirsch ist der Esel.

* Between the snake and the deer is the donkey.

Links vom Esel ist die Schlange.
To the left of the donkey is the snake.

REMOTE RELATION-NONCANONICAL WORD ORDER

Zwischen dem Esel und der Schlange ist der Hirsch.

Between the donkey and the snake is the deer.

or

*Zwischen der Schlange und dem Esel ist der Hirsch.

* Between the snake and the donkey is the deer.

Links vom Esel ist die Schlange.
To the left of the donkey is the snake.

Note: P1 = first premise. P2 = second premise. English translations are in italics. Asterisks indicate descriptions of pre-
ferred models—that is, P2s congruent with the hypothetical preferred model constructed from P1.

Procedure

The procedure was exactly the same as that in
Experiment 1, except that participants were not
instructed to imagine the layout after reading the
first premise. With this modification we wanted
to avoid pushing participants toward a mental-
model representation of the first premise.

Results

P2 comprehension times

Analyses are based on log-transformed P2 com-
prehension times for trials in which the conclusion
was judged correctly. This was the case in 83% of
all trials, ranging from 97% to 60% per participant.

For each participant, comprehension times that
were three standard deviations larger than their
mean were discarded. The joint analysis checked
whether there is a consistent impact of relatum =
given and given—new as expected in the case
of a reasoning strategy to process premises in
their reverse order. Mean values of log-
transformed data are plotted in Figure 2 and are
listed in Table 4 together with untransformed
data.

Both effects—the relatum main effect,
F(1, 22) = 47.113, p < .001, 7> = .682, as well
as the interaction of relatum with word order,
F(1, 22) = 25.070, p < .001, n* = .533—were

confirmed in the joint analysis. Both effects,
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Word Order
—&— Projective: Given Relaum  —&— Projective: New Relatum
—— Between: Remote Relation  —A— Beoween: Adjacent Relation
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Figure 2. Mean log-transformed P2 comprebension  times,
separately for P2s following a P1 with a projective preposition as
a function of word order (canonical vs. noncanonical) and
relatum (given or new), and for P2s following a P1 with
between, as a Sfunction of word order (canonical  vs.
noncanonical) and distance (remote vs. adjacent).

however, interacted with preposition type: Relatum
x Preposition Type, F(1, 22) = 90.374, p < .001,
7° = .804; Relatum x Word Order x Preposition
Type, F(1, 22) = 48.470, p < .001, 7 = .688. Asis
evident from Figure 2, relatum = given and given—
new produced the familiar P2 comprehension time
pattern after a P1 with a projective preposition, but
not after a P1 with berween.

The analysis yielded one more effect: a main
effect of preposition type. A P2 was read much
faster when following a P1 with a projective prepo-
sition than when following a P1 with Jerween

BETWEEN REASONING

(5,911 vs. 9,235 ms), F(1, 22) = 86.500, p <
.001, 5> = .797. Different from Experiment 1,
this preposition type main effect cannot be attrib-
uted to a systematic difference in sentence length,
since P2 always contained a projective preposition.

Next we performed a separate analysis for
premise pairs with a projective preposition. Both
the subject and the item analyses confirmed the
main effect of relatum, Fy(1, 22) = 102.355, p <
001, n* = .823; Fy(1, 61) = 228.721, p < .001,
1> = .789, as well as the interaction of relatum
and word order, F1(1, 22) = 43.686, p < .001,
7 = .665; Fy(1, 61) = 34.763, p < .001, n* =
.363. As in Experiment 1, relatum = given pre-
ponderated given—new as indicated by a “given—
new disadvantage” for canonical premises, #22)
= 3.564, p = .002. There was no word order
main effect, both F; and F, < 1.

The separate analysis for premise pairs with
between in P1 comprised the factors distance and
word order. P2 comprehension times were affected
neither by distance, both /7 and F5 < 1, nor by its
interaction with word order, F;(1, 22) = 1,255,
p> 20, F, <1

Since there was no relatum = given effect in
this latter analysis, we have clear evidence that rea-
soners did not adopt the strategy to process the
premises in their reverse order—that is, they did
not integrate P1 into the initial model of P2.
The question remains whether reasoners have
initially constructed a preferred model or all four
possible models. In order to answer this question,
we subjected P2 comprehension time data after a
P1 with detween to a further analysis with the

Table 4. Mean comprehension times® Jfor the second premise as a_function of relatum and word order,
separately for projective prepositions and between in the first premise, for Experiment 2

Canonical

Noncanonical

P1 preposition Given/remote New/adjacent Given/remote New/adjacent
Projective 5,170 (8.429) 6,527 (8.604) 4,163 (8.219) 7,783 (8.839)
Between 9,088 (8.968) 9,085 (8.959) 9,579 (9.035) 9,187 (8.981)

Note: P1 = first premise. Log-transformed data are in parentheses. Canonical and noncanonical
signify word order. Given/remote and new/adjacent signify relatum/distance.

“In ms.
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factors preference and dimension (we report only
on the subject analysis, since dimension had not
been varied within items). Preference affected P2
comprehension times, F(1, 22) = 14.432, p =
.001, > = .396. When P2 agreed with the sup-
posed preference, it was read much faster than if
it disagreed with the preference (8,265 vs.
10,255 ms). There was also a main effect of
dimension, A(1, 22) = 15.640, p = .001, n° =
416. P2s asserting a vertical relation were read
faster than P2s asserting a horizontal relation
(8,635 vs. 9,886 ms). More interestingly, prefer-
ence interacted with dimension, F(1, 22) =
18.615, p < .001, 1> = .458. Preference had a
stronger effect in the horizontal dimension (pre-
ferred: 8,569 ms; nonpreferred: 11,203 ms) than
in the vertical dimension (preferred: 7,962 ms;
nonpreferred: 9,308 ms). This speaks in favour of
a strategy to most preferably build a model from
the indeterminate P1 with the elements denoted
by the two conjuncts in the complement of the
preposition between placed from left to right as
the conjuncts are encountered during reading.

P1 comprehension times

Log-transformed P1 comprehension times were
analysed to assess the pure word order effect with
the additional factor preposition type. Because
preposition type was varied between items, we
present only the subject analysis. As in
Experiment 1, canonical Pls were read reliably
faster than noncanonical Pls (6,773 vs.
6,984 ms), F(1, 22) = 7.129, p = .014, o* =
.245. This difference is not quite reliable for
untransformed data, F(1, 22) = 3.495, p = .075,
1> = .137. Further, P1s were read faster with a
projective preposition than with erween (6,181
vs. 7,577 ms), F(1, 22) = 35.606, p < .001, n* =
.618. Again, this effect most probably reflects the
difference in sentence length. Preposition did not
interact with word order, F < 1.

Accuracy

For each participant, error rates were computed for
each cell of the three-factorial design of preposi-
tion type, word order, and relatum/distance.
Participants were more accurate after a P1 with a

projective preposition than after a P1 with
between (14.5% vs. 19.4% errors), F(1, 22) =
10.679, p = .004, n* = .327. Preposition type
interacted with relatum/distance, F(1, 22) =
6.856, p = .016, n” = .238. After P1s with a pro-
jective preposition, participants made fewer errors
when the relatum was given than when it was new
(11.5% vs. 17.4%). After P1s with derween, partici-
pants made nearly the same number of errors after
P2s asserting a remote or an adjacent relation

(20.5% vs. 18.3%).

Discussion

Once more we found that integrating premises
with projective prepositions is subject to two prin-
ciples: relatum = given and given—new.
Integrating the new element introduced by the
second premise into the initial model is easier if
the given element is denoted by the relatum
expression of the second premise. Integration is
easiest when the relatum expression denoting the
given element precedes the referent expression
denoting the new element—that is, with a
given—new order established by noncanonical
word order. As in Experiment 1, violating
relatum = given impaired premise integration to
a larger extent than violating given—new, as
revealed by a “given—new disadvantage” for cano-
nical premises. Different from Experiment 1, we
have no indication of a trade-off between the
effort spent for premise integration and accuracy
in this experiment. Not only did we obtain a
“given—new disadvantage” for canonical premises,
as in Experiment 1, but also participants were
more accurate with a given relatum than with a
new one, as previously reported by Hornig et al.
(2005).

Being highly reliable, we take the relatum =
given advantage to be diagnostic for spatial
premise integration. With the relatum = given
advantage being totally absent for the second
premise when it followed a first premise with the
preposition befween, we conclude that premise
integration did not occur in this instance.
Premise integration would have been expected to
occur only if reasoners adopt the strategy to
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process the premises in their reverse order. The
data reveal that participants did not pursue such
a strategy. Instead, participants already con-
structed a mental model with all three elements
from the first premise with bezween, although the
premise failed to determine that model.
Reasoners might cope with the indeterminacy
of the first premise by constructing several possible
models and selecting the right one once presented
with the second premise. Alternatively, they can
build one preferred model that has to be modified
if it disagrees with the second premise. We have
assumed that constructing the model from left to
right or from top to bottom is preferred over con-
structing the model from right to left or from
bottom to top. Indeed the second premise was
read faster when it agreed with the assumed pre-
ference than when it disagreed. The preference
effect is hardly compatible with the idea that
reasoners build all possible models without the
additional claim that these models are somehow
ordered according to their preference. The prefer-
ence effect has been more pronounced in the hori-
zontal than in the vertical dimension. It seems as if
reasoners have constructed their initial model from
left to right in most of the cases and from top to
bottom in several other cases. This interpretation
is in line with what participants indicated when
queried after the session. A total of 14 participants
indicated that they had imagined the layouts after
the first premise with derween from left to right,
with 4 of them indicating that they had sometimes
imagined the layout from top to bottom. A total of
2 participants indicated that they had imagined the
layout from top to bottom or from right to left,
and 1 participant indicated that she had imagined
the layout from left to right or from right to left.
The remaining participants made no indication.
Second premises took much longer to read fol-
lowing a first premise with berween than following
a first premise with a projective preposition. This
increase in comprehension times cannot be attrib-
uted to model verification as such, as is evident
from the markedly shorter conclusion evaluation
latencies (see below). Rather we attribute the
high comprehension times to the effort needed
to modify the initial mental model in the case

BETWEEN REASONING

that it did not confirm to the second premise.
Comprehension times were rather long even if
P2 matched the most distinctive preference to
build the model from left to right. This suggests
that the initial model was not always constructed
from left to right and therefore needed modifi-
cation from time to time.

We found that participants did not simul-
taneously construct all four possible models for a
P1 with berween. Does this finding bear impli-
cations for the falsification strategy for multiple-
model problems as advocated within the mental
models framework? As of Johnson-Laird and
Byrne (1991), reasoners treat such a problem by
first constructing one single model based on the
set of premises and deriving a tentative conclusion
from it. Then they search for counterexamples by
constructing alternative models that are also com-
patible with the set of premises in order to check
whether the tentative conclusion also holds in
these models. On this account, multiple-model
construction proceeds strictly sequentially with
the reasoner dealing with one single model at
any one time. Since we found that participants
did not construct multiple models simultaneously,
but handled more than one model sequentially
(the preferred model followed by the modified
model matching P2), our finding is well compati-
ble with the falsification strategy as long as that
strategy is construed as a sequential process. In a
recent overview on mental models and falsifica-
tion, Roberts (2005) pointed out that maybe rea-
soners cope with multiple models by constructing
all of them at once and seeing which conclusion
is common to all. Our finding suggests that rea-
soners more likely construct multiple models
sequentially rather than simultaneously.

CONCLUSION EVALUATION IN
EXPERIMENTS 1 AND 2

Conclusions were varied along the same lines for
Experiment 1 and 2. Throughout, the conclusion
shared the word order of the premise pair it

followed (cf. Table 5).
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Table 5. Examples illustrating the schema of combining premise pairs with valid conclusions as a function of

term order and word order

Term order
Premise pair: P1-P2 A-C C-A4
i ADJACENT-ADJACENT REMOTE
a A is above B-B is above C A is above C C is below A
b Above B is A-Above C is B Below A is C. Above C is A.
ii ADJACENT-ADJACENT BETWEEN

a A is above B-B is above C
b Above B is A-Above C is B

i1 REMOTE-BETWEEN
a A is above B-C is between A and B
b Above B is A-Between A and B is C

iv BETWEEN-REMOTE
a A is between B and C-B is above C
b Between B and C is A-Above C is B

v ADJACENT-BETWEEN
a A is above B-A is between B and C
b Above B is A-Between B and C is A

vi BETWEEN-ADJACENT
a A is between B and C-B is above C
b Between B and C is A-Above C is B

vii ADJACENT-BETWEEN
a A is above B-B is between A and C
b Above B is A-Between A and C is B

viii BETWEEN-ADJACENT
a B is between A and C-B is above C
b Between A and C is B-Above C is B

B is between A and C
Between A and C is B

ADJACENT
A is above C C is below A
Below A is C Above C is A
ADJACENT
A is above C C is below A
Below A is C Above Cis A
ADJACENT
A is above C C is below A
Below A is C Above Cis A
ADJACENT
A is above C C is below A
Below A is C Above C is A
REMOTE
A is above C C is below A
Below A is C Above C is A
REMOTE
A is above C C is below A
Above Cis A Below A'is C

B is between C and A
Between C and A is B

Note: P1 = first premise. P2 = second premise. Statements with a projective preposition assert either
an adjacent or a remote relation. (a) = canonical word order. (b) = noncanonical word order.

When following premise pairs with a projective
preposition in both premises, half of the con-
clusions also contained a projective preposition,
and the other half contained the preposition
between. For these premise pairs, the end term
mentioned only in P1 is called 4, and the end
term mentioned only in P2 is called C. The
middle term shared by both premises is called B.
Since both premises asserted an adjacent relation
between the element denoted by the middle term
and an element denoted by one of the end terms,
a conclusion with a projective preposition always

queried the remote relation between the two
outer elements of the array, denoted by A and
C. Term order of A and C in the conclusion as
well as validity were counterbalanced. Term
order together with word order determined the
wording of valid conclusions (Table 5: i). Invalid
conclusions were obtained by replacing the
correct preposition with the converse preposition.
By varying term order in the conclusion we
aimed at replicating the finding of Oberauer,
Hoérnig, Weidenfeld, and Wilhelm (2005) that

spatial conclusions with C—A term order are
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evaluated faster than conclusions with A—C term
order.® Oberauer et al. explained the C—A advan-
tage by recency of mention. They argued that the
more recently mentioned element denoted by C
is more readily accessible than the element
denoted by A, thereby speeding up conclusion
evaluation. The element denoted by C, however,
is not only the element most recently mentioned,
but also the element most recently included in
the mental model. The present experiments
provide a chance to distinguish these two factors,
as explained below.

Conclusions with the preposition detween were
also counterbalanced with respect to term order
and validity. Such a conclusion is valid only if
the end terms A and C form the conjunct of
between with the middle term B being the referent
expression (Table 5: ii). A conclusion with berween
is invalid if the middle term B together with either
A or C forms the conjunct. Since validity of con-
clusions with defween cannot be varied indepen-
dently from term order, these conclusions are not
analysed with respect to term order.

When following a premise pair with berween in
one of the premises, the conclusion always con-
tained a projective preposition. Since the premise
containing between mentions all three terms,
there are no two end terms, A and C, which
figure in just one of the premises. In Experiment
1, P2 with berween includes one new term not pre-
viously included in P1. This term is called C. The
other term figuring in the conclusion, which is
included in both premises, is called 4 (Table 5:
iii, v, vii). In Experiment 2, one of the terms
included in P1 with defween is not included in
P2. This term is called 4. The other term figuring
in the conclusion, which is included in both pre-
mises, is called C (Table 5: iv, vi, wviii).
Conclusions were varied with respect to distance,
term order, and validity. When the premise with
the projective preposition asserted the remote
relation between the two outer elements, the
conclusion queried an adjacent relation between

BETWEEN REASONING

the inner element and one of the outer elements
(Table 5: iii, iv). When the premise with the pro-
jective preposition asserted an adjacent relation,
the conclusion queried either the complementary
adjacent relation (Table 5: v, vi) or the remote
relation (Table 5: vii, viii).

The different status of the elements denoted
by A and C in the two experiments allows us to
disentangle recency of mention and recency of
model inclusion as a possible source of the C-A
advantage. In Experiment 1, the elements
denoted by both terms, A and C, are mentioned
in the second premise; thus, they do not differ
with respect to recency of mention. They differ,
however, with respect to recency of model
inclusion. C denotes the element that was most
recently included within the model. In
Experiment 2, on the other hand, all three
elements have been included in the initial model
constructed from the first premise, P1. As shown
by P2 comprehension times, premise integration
did not occur when the second premise, P2, has
been presented. Thus, the elements denoted by
A and C do not differ with respect to recency of
model inclusion but they differ with respect to
recency of mention. The element denoted by C
has been mentioned most recently by P2,
whereas the element denoted by A has been men-
tioned only previously by P1. An interaction of
term order with experiment then would inform
us whether recency of mention or recency of
model inclusion causes the expected C-A
advantage.

Results

Analyses are based on log-transformed conclusion
evaluation times of correctly judged conclusions.
Unless indicated otherwise, untransformed data
yielded the same results as did log-transformed
data. Latencies that were three standard deviations
beyond a participant’s mean were eliminated as
outliers. Differences between the two experiments

3 Hornig, Oberauer, and Weidenfeld (2005), who had included descriptions of two-dimensional layouts in their material, did not
test participants with verbally presented conclusions, but with a picture verification task.
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are only reported when considered theoretically
relevant.

We begin by assessing the impact of term order
(A—C vs. C—A) on the evaluation of a conclusion
with a projective preposition following a premise
pair with a projective preposition in both premises.
The analysis comprised the factors word order and
term order. With C—A term order, conclusions
were judged reliably faster than with A-C term
order (4,417 vs. 4,820 ms), F(1, 45) = 17.523,
» < .001, n* = 280 (cf. Figure 3).

Next we address the impact of term order if
the conclusion follows a premise pair with
between in one of the premises. This analysis
comprised the factors term order, word order, dis-
tance of the queried relation, and experiment as a
between-subject factor. Again, there was a main
effect of term order, F(1, 45) = 16.880, p <
001, 7> = .273, which, however, interacted
with experiment, F(1, 45) = 6.820, p = .012,
7 = 132 (cf. Figure 3). Recency of model
inclusion (Experiment 1) induced a pronounced
C-A advantage (C-A: 4,236ms; A-C:
4,740 ms), comparable to the one subsequent to
premise pairs with a projective preposition in
both premises. The C—A advantage produced

by recency of mention (Experiment 2) was
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Figure 3. Mean log-transformed conclusion evaluation latencies as
a function of term order, separately for premise pairs with projective
prepositions in P1 and P2 (Experiments 1 and 2), with between in
P2 (Experiment 1), and with between in P1 (Experiment 2).

much less pronounced (C-A: 5,010 ms; A-C:
5,142 ms) and not significant when tested separ-
ately. There was no symbolic distance effect—
that is, remote relations were not evaluated
faster than adjacent relations, F(1, 45) = 2.250,
p > .10.

Finally, we compare conclusions containing a
projective preposition with conclusions contain-
ing between. This analysis is based on the
subsets of trials in the two experiments in which
a projective preposition figured in both premises.
Despite the difference in sentence length, con-
clusions were judged equally fast for both types
of preposition (F < 1). On average, canonical
conclusions were evaluated faster than noncano-
nical conclusions, F(1, 45) = 48.747, p < .001,
1% = .520, but this effect interacts with preposi-
tion type, F(1, 45) = 29.142, p < .001, n° =
.393. The faster evaluation of canonical than of
noncanonical conclusions is observed for con-
clusions with between (3,972 vs. 5,095 ms,
respectively), whereas it is hardly present for
conclusions with a projective preposition (4,539
vs. 4,680 ms, respectively).

Discussion

The main outcome for conclusion evaluation
concerns term order. Conclusion evaluation after
premise pairs with a projective preposition in
both premises replicated the finding of Oberauer
et al. (2005) that conclusion evaluation is facili-
tated when the C term precedes the A term. The
C—-A advantage was independent of word order
and therefore independent of the grammatical
and/or the semantic role of the terms in the con-
clusion. Oberauer et al. explain the C—A advan-
tage by recency of mention. Recency of mention
is expected to raise the salience or accessibility of
the denoted element in the mental model. We
reasoned that integrating an element into the
model raises its salience even more than merely
mentioning it. Accordingly, the C—A advantage
is induced by recency of model inclusion rather
than by recency of mention. This hypothesis
could be tested by comparing the C—A advantage
following premise pairs with derween in either the
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second or the first premise. If both C and A figure
in the second premise with berween, both elements
have been mentioned equally recently. The
element denoted by A, however, has already been
part of the initial model, whereas the element
denoted by C is integrated most recently when it
appeared as the new element introduced by the
second premise. In contrast, when both terms, A
and C, figured in the first premise with berween,
participants constructed initial models with all
three elements. Hence, the elements denoted by A
and C do not differ with respect to recency
of model inclusion. Only the element denoted by
C, however, is mentioned most recently in the
second premise. It turned out that recency of model
inclusion induced a strong C-A advantage,
whereas recency of mention did not. Thus, recency
of mention was not sufficient to raise the salience
of the element denoted by C so as to cause a C—-A
advantage.

We have raised the question of whether reason-
ing with between is as such more difficult than
reasoning with projective prepositions. In
Experiment 1 it took longer to read a second
premise with derween, maybe reflecting that
premise integration is more difficult with berween
than with a projective preposition. In
Experiment 2 it took longer to read a first
premise with bdefween, maybe indicating that it
takes longer to build an initial model with three
elements than with just two elements. Both of
these findings are inconclusive because a premise
with bdetween is always longer—for example, in
number of syllables—than a premise with a projec-
tive preposition. Despite their difference in
sentence length, conclusions with berween did
not take longer to read than conclusions with a
projective preposition. All three comparisons
together suggest that an assertion with berween
particularly suits the needs of model verification.
In order to verify a conclusion with berween, it suf-
fices to ensure that the referent of the conclusion
denotes the inner element of the array. Indeed,
canonical conclusions with Adefween, which
mention the referent immediately at the beginning
of the sentence, were verified faster than noncano-
nical conclusions with defween. No such word

BETWEEN REASONING

order effect was obtained for conclusions with a
projective preposition.

GENERAL DISCUSSION

When a reasoner is confronted with a determi-
nate pair of spatial relational premises, she or
he is capable of inferring unmentioned spatial
relations that hold between elements. In the clas-
sical three-term task, both premises assert a
spatial relation between adjacent elements by
means of a projective preposition and enable the
reasoner to infer the relation between the outer
elements of the array. On the mental models
account, reasoners arrive at the conclusion by
constructing an integrated representation of the
layout described by the two premises and then
looking up the relation that holds between the
outer elements of the represented array. Within
this framework, the critical step in the reasoning
process is to integrate the new element intro-
duced by the second premise into the initial
model constructed from the first premise.
Previous work has established two principles gov-
erning premise integration in spatial relational
reasoning with projective prepositions in both
premises—relatum = given and given—new.
Here we have shown that these two principles
apply also to premises with bdefween, which
imply a composite of two elements as the
relatum. In addition, Experiment 1 demonstrated
that the relative difficulty of integrating a canonical
premise, which inevitably violates either relatum =
given or given—new, depends on the relative
weight allocated to either principle. Reasoning
with erween apparently strengthened relatum =
given as compared to given—new, leading to a
“given—new disadvantage” observed for canonical
premises with derween, an effect that carried over
to reasoning with projective prepositions.

We have derived our hypotheses from the idea
that reasoners apprehend verbally presented pre-
mises as telling them where to put the mentioned
elements in the mental model. On this account,
premises are understood as acts of linguistic local-
izations and the task of the reasoner is similar to
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the task of someone who implements an actual
placement instruction (cf. Huttenlocher, 1968;
Huttenlocher & Strauss, 1968). Our results
support this view and the mental models frame-
work, within which it was developed.

Whereas relatum = given and given—new
extend to reasoning with befween in the second
premise, neither principle applies to reasoning
with detween in the first premise, as long as reason-
ers do not process the premises in their reverse
order. Reasoners did not process premises in
their reverse order, as demonstrated by
Experiment 2. Instead, our data are consistent
with the assumption that reasoners initially con-
structed a mental model of the array of all three
objects introduced by the first premise. This
interpretation is supported by the preference
effect—that is, comprehension times were reliably
shorter when the second premise agreed with the
assumed preference to build the model from left
to right or from top to bottom than when it dis-
agreed with it. Why should reasoners rely on
representing a particular array of the three
objects although the description is indeterminate?
As we pointed out in the Introduction, we think
that spatial reasoning is to a large extent a matter
of language comprehension. On this view,
although a first premise with bezrween is semanti-
cally indeterminate with respect to which of the
four possible layouts it describes, the use of such
a description can be pragmatically constrained.

The use of etween in one of the premises
further allowed us to assess whether the C—A
advantage in conclusion evaluation 1is best
explained in terms of recency of model inclusion
rather than, as suggested by Oberauer et al.
(2005), in terms of recency of mention. Our
results do not support the claim that recency of
mention is sufficient to increase the salience of
the element C to a degree that causes a C-A
advantage. Recency of model inclusion, on the
other hand, succeeded in producing the C-A
advantage.

To sum up, reasoning with berween in the
second premise is captured by our two principles
of premise integration, relatum = given and
given—new. As with a projective preposition in

both premises, a second premise with berween
introduces a new element that has to be integrated
into the initial model, as is commonly assumed on
the mental models account. On the other hand,
reasoning with defween in the first premise is not
captured by the two integration principles. In
this case, all three objects introduced by the first
premise are immediately integrated into a single
model, although this model is not determined by
the information provided by the premise. No
model integration is needed thereafter. Both
instances of Jdetween reasoning are naturally
accounted for within the mental models frame-
work and support our view that spatial reasoning
reflects to a large extent how language is
comprehended.
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