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Abstract

This study looked at a classical truth logic of multi-propositions that is new in some ways: [1]
Alethic modalities were mixed with logical consistency and incompatibility in a single plate
form, i.e., necessary consistency (NC), possible consistency (PC)/ possible incompatibility
(PI) and impossible incompatibility (IPI); [2] multi-propositions were judged by individuals as
either NC, PC/PI, or IPI; [3] Four quantifiers; All (V), No (~V), Some (3), and Some Not (~3)
of four propositional modes and three shapes (¢, 7 and &g) are used to evaluate predic-
tions; and [4] it inspired by multi-propositional of dual-process theories (DPTs) of deduction
and modal syllogistic of multi-propositions, from which logicians have derived general
hypotheses. HP 1- Individuals will more likely to endorse inferences as PC/PI rather than
NC. HP 2: It's easier to calculate that inference has PC/ Pl if it has also NC. Generally, logi-
cians predict more endorsing PC for NC than for PI proposition. HP 3: It’s easier to calculate
that inference is not NC if it is also not PC. Generally, logicians predict more Pl than IPI prop-
osition endorses as NC. A modal syllogistic as a classical truth logic is presented by multi-
propositions (two premises and one inference), each one from four modes has quantifiers
such as universal quantifiers and existential quantifier; v, ~V, 3, and ~ 3. They were evalu-
ated by a single-mental model (Experiment I) and a multi-mental model (Experiment II).
Logicians applied the immediate inference task (IIT), evaluation task (ET), and production
task (PT) to evaluate three experiments. The results of the experiments suggested that stu-
dents mostly endorsed PC/PI inferences over NC inferences. Even when logicians divided
PC/PI separately as PC and PI, individuals endorsed PC most likely as compared to NC,
and Pl than IPI. Logicians also highlighted fallacies that were continuously resisted and
endorsed when students were asked to judge multi-propositions that had NC. The purpose
of this experimental study is to present a glimpse of students’ endorsement of multi-proposi-
tions and explain that each individual has a different working memory and intelligence.
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Introduction

A classical truth logic is the core of multi-propositions. These propositions concern the validity
of inferences. A logical truth may decide that propositions are possibly either consistent,
incompatible or may both. Individual judgment can decide the validity of the inference as to
what is necessarily consistent or what is possibly consistent or incompatible. Logicians will
resolve their judgments. It’s a logical truth that the shape of the Diamond (¢) is Rhombus
(0). Logical truths are Formal [1]. Formal logic was first presented by Aristotle in the 1960’s
as the theory of modality. Alethic logic has modalities such as Necessary, Possible, and Impos-
sible [2]. These modalities have logically intermingled with consistency and incompatibility as
Necessary Consistency (NC), Possible Consistency (PC)/ Possible Incompatibility (PI), and
Impossible Incompatibility (IPI) which can be seen in Table 1. Alethic modal operators are
usually written as Necessary (1), Possible (¢) [3], and Impossible (<>). The formula ¢¢ reads
and interprets as “it is Possible that Diamond”. These symbols relate with equivalence Cl¢p= -
o= ¢, and theoretically predicate further [4].

Logical theories contain with theorems’ set all of which is stated logical truth. Classical truth
logics are logical theories which theorems are syllogisms [15]. Aristotle has been investigated
the concept of syllogisms [16]. A classical truth logic consists of multi-propositions (two prem-
ises and one inference). Each of these has Four quantifiers; All (V), No (~V), Some (3), and
Some Not (~3) of four propositional modes and three shapes (¢ ), (7 and &g) instead of M, P
and Q. such example of classical syllogistic logic is:

All¢ O ag

Some [ not &g

Therefore, some ¢ [ not &g

Here, each propositions have a quantifier “all” or “some”. Over the many years, the mental
model theory (MMT) has been modified the results [17]. This shows that for coping syllo-
gisms, individuals develop diverse strategies [18]. So, the MMT has been extended to use for
more than one quantifier.

The DPTs (MMT and MLT) are prime to solve and evaluate the propositions (Carreira, S.,
Amado, N., & Jacinto, H. (2020). These dual-process theories of deductive reasoning help the
logicians to interpret multi-propositions. As we know that deductive MMT is still worked as a
hot issue in academia, hundreds of many experiments reported in new literature see [19], for a
review). Still, it’s a curious limitation in all works, further need to investigate. Deductive MLT
is rule from logical calculus [20] support to infer modalities. Logicians asked previously; what
is necessary inferences from premises, but they did not ask individual about what is necessarily
consistent, possibly consistent/ incompatible or impossibly incompatible in multi-proposi-
tions. There have been no experiments priors to cover these points in one plate form as logi-
cian’s hypothesis that individuals will more likely to endorse inferences as possible
consistency/ incompatibility rather than necessary consistency. Logicians describe that DPTs
of deduction helps to generate and investigate further hypothesis as discussed below in detail.

In Alethic logic, inferences validity base on truth in deduction, if the multi-propositions are
true the premises and inference must be true. Standard logic inference states what is case, but
in Alethic modal logic states that what is possible consistency/ incompatibility in case, what is
necessary consistency in case, and what is impossible incompatibility. Mostly psychological
experiments investigated reasoning of inference about what is the case [21-23], students were
asked inference validity, evaluation task (ET) or production task (PT) and problem-based on
negations, connectives, if, and, or syllogism. There are very few findings of modal logic reason-
ing [24, 25] cover these all work in one experimental study.
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Table 1. Main domain of Alethic Model operators with logical consistency and incompatibility.

Alethic models Logic
Necessary Consistency
Possible Consistency
Possible Incompatibility
Impossible Incompatibility

Domain Reference
1.“Necessary consistency satisfies all logic”. [5]
2. “the consistency of the definition is necessary and sufficient” [6]
3. “Consistency is considered as necessary” [7]
1. “Possible consistency used as models for Processing-in-memory operations”. [8]
2. “Number of classifications are possible which are also consistent? In this sense, what in logical” [9]
3. “Possible consistency implied as post system of propositions calculus”. [10]
1.“Interpretation of the infant studies as reflecting representations of incompatible possibilities”. [2]
2. “Incompatibility is primitive. It is after all possible”. [11]
3.“Is it possible to reduce the foundations of logic to the mere concept of incompatibility?” [12]
1. “Incompatibility problem has been considered: the impossibility intuition”. [13]
2. “logical impossibility as expressed by means of a incompatibility”. [14]
3. “Is it impossible to reduce the foundations of logic to the mere concept of incompatibility?” [12]

https://doi.org/10.1371/journal.pone.0299741.t001

This experimental study provides support for the validity of students’ cognitive assessments,
specifically in the context of evaluating multi-propositions. By demonstrating that students
exhibit varying judgments when faced with multi-propositions, the study underscores the
complexity of their cognitive processes. Furthermore, the study suggests a positive impact on
both working memory and intelligence, indicating that engaging with and evaluating multi-
propositions can contribute to the enhancement of these cognitive functions among students.
In essence, the findings highlight the significance of considering diverse cognitive tasks (IIT,
PT, and ET), such as judging multi-propositions, in educational settings to foster cognitive
development and intelligence. Moreover, this study has been inspired by multi-propositional
DPTs of deduction and modal syllogistics of multi-propositions, from which logicians have
derived general hypotheses.

Multi-propositional DPTs of deduction

The DPTs of deduction are two main competing theory; MMT and MLT. These theories have
been got success over the last few years [26]. This study has been implemented this dual-process
in multi-propositions. Here is the brief intro of these theories; MLT was promoted by Martin
Braine and David O’Brien, as well as Lance Rips and others [27]. The central claim of the theory
is as follows: Human reasoning utilizes mental representations similar to true propositions. In
deductive reasoning, the reasoner manipulates these multi-propositions by applying the reason-
ing’s rules as syntax corresponding to logical rules. Different versions of the theory of mental
logic differ in which rules are used in deductive reasoning. However, they generally claim that
these rules are similar to those found in the true deductive formulas of formal logic. Some of
these rules involve the use of hypothesis as a classical syllogistic logic. For example;

AlA

Some < not >

Therefore, some A not >

Here, A denoted M, <l denoted P, and [> denoted Q. Some fallacies were firmly endorsed.
MLT explains fallacies in deductive reasoning tasks by alluring to the difficulty of applying spe-
cific rules and the need to apply more than one rule in a given task. This theory also called
Rule-based theory [18, 28]. It drives from true logical deduction, assumes rules of multi-propo-
sitions. This study choice MLT due to two intentions. First, MLT theorists have mostly
restricted their conceptual and experimental tasks to the find the propositional inference, very
brief to affirm about syllogistic deduction (Rips, 1994, for few debates of quantifier inference).
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Fig 1. Three stages of MMT.
https://doi.org/10.1371/journal.pone.0299741.9g001

Second, the rare published theories only provide rules for valid inferences and thus explain
necessary rather than possible inferences. We concede significance of how to extend MLT to
account for possible consistent/incompatible inferences of the general discussion. Whereas;
the MMT developed by [29]. This theory expresses the concept of logical reasoning as the pro-
cess that develops three stages can be shown in Fig 1.

Each individual has different working memory and intelligence, they judge multi-proposi-
tions differently. Development of MMT relates with validity of inference from premises. In
facts, individuals can do many logical fallacies on the given task and exhibit logical errors.
Human rationality has led a big debate. However, mostly psychologists whose work relate with
this area are agreed that untrained students do perform some basic deductions: such as they
can differ valid inference from falsity but some cannot. Still yet this debate unresolved between
two theoretical perspectives. This study debate focuses on whether deduction of true logic
achieves answers through MLT rules and MMT models. Inspired by [17], this study present a
classical truth logic presenting production task (PT) methodology. We used multi-proposi-
tional syllogistic modal logic with all possible premises (see below). Individuals were enquired
to derive inference from given premises. We analyzed that these multi-propositions of multi-
models have high rate of impossible incompatibilities. So, this study presents a principle that
multi-propositions of multi-models place stain on working memory and intelligence. In par-
ticular, individuals commit fallacies due to flop of find a counter-example in MMT at Stage 3,
however, such models exist. Hence, the DPT's of deductions predicate the concern of modal
syllogistics of multi-propositions are discuss bellow.

Modal syllogistic of multi-propositions

The modal syllogistic is made distinction between Alethic logic with consistency and incom-
patibility such as, necessary consistency (NC), possible consistency (PC), and possible incom-
patibility (PI) impossible incompatibility (IPI). If the proposition is Alethic, it is true factual; if
the proposition has NC, it must be true, if the proposition has PC/ PI, it may be true, and if the
proposition has IPI, it must not be true. To consider these concepts MLT following rules of
multi-propositions are as under;
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1. All the cagers are tall,
Abdul Jabber is a cager,
Therefore, it’s necessary that Abdul Jabber is tall. Necessary Consistency (NC)

2. All the cagers are tall,
Abdul Jabber is a cager,
Therefore, it’s possible that Abdul Jabber is tall. Possible Consistency (PC)

3. All the cagers are tall,
Abdul Jabber is a cager,
Therefore, it’s possible that Abdul Jabber is not tall. Possible Incompatibility (PI)

4. All the cagers are tall,
Abdul Jabber is a cager,
Therefore, it’s impossible that Abdul Jabber is not tall. Impossible Incompatibility (IPI)

MLT rule 1 NC has a modus ponens inferences that conclude necessity state, their proposi-
tions are true, indeed it’s necessary that Abdul Jabber is tall, and this inference is valid. Rule 2
PC inferences are also valid, however as compare with strong inference NC (it’s necessary that
Abdul Jabber is tall.), PC (it’s possible that Abdul Jabber is tall.) would be invalid, why because
their propositions have consistency with the situation where there are cagers who are not tall,
so Abdul Jabber may be a cager who is not tall. Rule 3 PI have invalid as NC shows, Abdul Jab-
ber is necessarily tall given premise and rule 4 it’s impossible that Abdul Jabber is not tall is
completely invalid. Logicians refer these states as necessary consistency (NC), possible consis-
tency (PC) or possible incompatibility (PI) and impossible incompatibility (IPI). Deductive
reasoning standard guidelines require individuals to mark decisions about the validity of
Alethic inferences. In MLT, if individuals are enquired to decide whether A has NC, where A
is a proposition, then they must be endorsed the NC inferences and reject the PC/PI and the
IPIL. Conversely, if persons are enquired to decide whether H has PC/PI, where H is a proposi-
tion, then they must be endorsed the NC inferences as well as the PC/PI and reject the IPI. In
the normal psychological study of MLT reasoning, the ability to distinguish between PC/PI
and IPI inferences is neglected.

The theory first: Individuals judge whether multi-propositions are necessarily consistent?
Individual judgement can decide the validity of inference as either necessarily consistent, pos-
sibly consistent/incompatible or impossibly incompatible.

The theory second: whether their judgment, correct?

Logicians asked from individuals to decide whether multi-propositions are NC, where
multi-propositions are llsertions, and they must endorse the NC inferences and reject the PC/
PI and IPI. Conversely, if individuals are asked to decide whether multi-propositions are PC/
PI, then they can endorse NC inferences as well as PC/ PI inferences and only reject IPI infer-
ences. The ability to distinguish PC/ PI from IPI inferences is ignored in usual psychological
investigates on MLT reasoning. Considering the three general phases of MMT have defined
prior. Logicians have constructed propositions’ single-model that supports tentative inferences
during first two phases. These inferences can report as far as PC/PI without any further logical
reasoning. Inferences validity phase (finding counter-examples) comes into play only when
person is enquired to prove that the hypothesized inference has NC. Therefore, according to
mental model (MM), PC/PI inference must be easier than NC.

Therefore, our first hypothesis (HP) is as follows:

HP 1: Individuals will more likely to endorse inferences as PC/PI rather than NC.

The MMT is considered three propositions which help to clarify further hypotheses.
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NC proposition: the inference is true in all MMs of the premises.

PC/ PI proposition: the inference is true in at least one MM of premise.

IPI proposition: the inference is true in no MM of premise.

After this analysis, Logicians drive two more hypotheses on the basis of these assumptions:

HP 2: It’s easier to calculate that inference has PC/ P if it has also NC. Generally, logicians pre-
dict more endorsing PC for NC than for PI proposition.

HP 3: It’s easier to calculate that inference is not NC if it is also not PC. Generally, logicians
predict more PI than IPI proposition endorses as NC.

HP 2 explains only to follow NC as discover MM of premise that supports the inference infer-
ring that it is PC/ PI. On NC propositions, all MMs of premises support the inference, while on
PC/PI proposition, at least one MM of premise does not. Thus, in the latter case, it is possible for
the Logicians to first consider the MM of premise that does not support the inference. HP 3 fol-
lows closely because no inference is required when at least one MM of premise does not support
it. On IPI proposition, there are no antecedent MMs of premises to support the inference, whereas
on PI proposition there is at least one supporting inference. Therefore, on the latter propositions,
they are likely to first think of the MM of premise that supports the inference.

Logicians reports three experiments to design the test, Experiment I and II addresses the
theories hypothesizes, and predictions, and the Experiment III defines the problems that arise
from first two experiments. In Experiment I, logicians tested the first theory: Individuals judge
whether multi-propositions of multi-models are necessarily consistent? and the above hypoth-
esis by using simple task of a classical truth logic. In this task, logicians involve to give individ-
uals single propositional premise of syllogism and suggest them to make two or more different
propositional inferences, and this task is called “immediate inference task (IIT)” [30]. So,
experiment II tested the second theory: whether their judgment, correct? And given hypothe-
sis. This study involves full syllogism logical reasoning, ask individual to define multi-proposi-
tional each pair of possible inferences with regarding each possible premises through valid NC
judgments. These studies include groups of people require to develop judgments of NC as well
as PC/ Pl inference. Both studies have designed together with running on same individuals in
similar sessions. However, due to the difference in the size of the two study experiments bal-
ancing the order of studies does not appear to be appropriate. Nor is it advisable to have the
same individuals make judgments about NC and PC/ PI. The subsequent procedure is as pro-
ceeds. people were separated into necessary (0) and possible () groups and completed the
brief tasks of study experiment I with an appropriate rule form. Each individual then executed
the big task essential in study experiment II performing the identical form of rule assigned to
them in study experiment I. These groups were also subcategories in study experiment II
affirming to obtain terms in the inferences they were described (perceive the methods select of
study experiment II for details). Logicians have also reported experiment III that is replicated
some imported findings of experiment II by using quite smaller subsets of a classical truth
logic with simple method of multi-propositions presentation. Experiment III is also provided a
check of the Experiment IT’s results that are not influence with Experiment I’s results.

Methodology
Experiment I

A modal syllogistic as a classical truth logic is presented by multi-propositions (two premises
and one inference), each one from four modes have quantifiers such as universal quantifiers
and existential quantifier; V, ~V, 3, and~ 3.
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vV Universal Affirm AIMP
~V  Universal deny NoMP
3 Existential Affirm Some M P
~3 Existential Deny ~ Some M Not P
In Experiment I, Logicians only examined the immediate inferences task (II'T), individuals
can draw multi-propositions as one proposition is the premise and the other one is the infer-
ence. As the order of the terms can be reversed, for each of the 4 possible premises, there are 7
possible inferences (repetitive premises have been excluded) to consider.
Syllogistic immediate inferences’ propositions have grouped them into 3 types and estab-
lished following sub-types:
NC: Given premises are true so that inferences must be true. Among 28 multi-propositions
6 fall in this type.
PC/ PI: Given premises are true so that inferences may be true. Among 28 multi-proposi-
tions 12 fall in this type.
IPL: Given premises are true so that inferences may not be true. Among 28 multi-proposi-
tions 10 fall in this type.
To note that any inference which has logically PC that is NC as well and the proposition
logically classify as PC/ PI have in fact those in which inference has PC and not NC.
By demonstrating this concept, logicians have considered an example in which what can
infer from proposition “All @ 7" here, Diamond (¢) denotes M and Rhombus (7) denotes
P. Each possible inference is as follow:

a. No¢ I

b. Some¢ T

c. Some¢ not [J

d AlD¢

e. No[TJ¢

f. Some 7 ¢

g. Some O not¢ O

Inferences a and fare NC; d and g are PC/ PI (but not NC), whereas a, c and e are IPI. How-
ever, if the individuals were instructed to judge whether all inferences were NC given the
premises, b and f would be yes as correct answer and no answer would be for others. Same as
for PC/PI, correct answer yes would be for b, d, f and g and no answer for a, c and e.

In Experiment I, rules were presented to the individuals which were either NC or
PC/PI with immediate inference propositions. That helps logicians to test hypothesizes
those have identified initially. Here mention that in this experiment, there is an
inevitable confusion among the type of rules (NC or PC/PI) and the type of response that
constitutes the correct answer. For example, since more than two different inferences are
actually PC/PI than NC, any general bias in accepting inferences will conduct more accu-
rate responses in the ¢ group than in the o group. Although this does not bring logicians
with the propositional testing of the above-mentioned hypothesis, which in any case are
based on accepted inferences rather than correct decisions. Here mention also that HP2
and HP3 together are involved with intragroup comparisons, where the rule type remains
the same.
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Table 2. Between-subjects factors of Experiment I.

Value Label N

GROUPS 1 O group 28
2 O group 28

PROPOSITIONS 1 NC 12
2 PC/PI 24

3 IPI 20

https://doi.org/10.1371/journal.pone.0299741.t1002

Experimental method

Students. We determined classical sample size. This experiment was Between-Group
design (see Table 2). Sample size was 86 but 6 students’ reposes were bizarre, so, we excluded
those responses. 80 university students (50 men. 30 women, age average: range 23-30 years)
from one University of Pakistan have taken part in this experiment. All are Urdu speakers but
their study medium is in English. They did not study logic before. To ensure adherence to ethi-
cal principles, we got official written approval from the Ethics Committee of Shaanxi Normal
University, School of Psychology. Informed written consent was obtained from all study par-
ticipants, who claimed their understanding of the study’s purposes, and the respondents were
assured that their identities and responses were kept confidential which would be maintained
in the best interests of academic integrity and every possible manner. Additionally, they were
informed of the importance of the study, its possible implications, their role as interviewees,
and that no compensation would be offered and they would like to participate in the study vol-
untarily. Respondents were assured that they could stop responding and withdraw from the
interview at any time. The data collected will be used only to suggest mechanisms for abating
the impostor’s feelings through academic outcomes.

Design & material. Students were divided into two experimental groups; necessity (0)
group and possibility () group 40 in each. Each group has their own rules and they evaluate
the 28 multi-propositions of IIT. All the propositions have described independently and they
generated random task order (see Table 2). Both the groups and Propositions are independent
variables and the student’s endorsement of inferences are dependent variables in this Experi-
ment. The students firstly performed Experiment I and then they would proceed to carry out
the Experiment II task at the same scenario, explained below.

Task was performed in the computer lab of the university. Online questionnaire was dis-
played via google forms [31]. All the students performed the task at the same time. Separate
computer desktops were used for each student base on 28 multi-propositions with the layout
such as:

Given that

Some Rhombus (C7) are Diamonds (¢).

Is it necessary that

Some Diamonds (¢ ) are not-Rhombus (7)

Above is the example of 0 group. Same as ¢ group read “Is it possible that”. Beside are these
boxes base on Yes and No response. Students were indicated their decision by using mouse to
click on yes or no box.

This program was randomly assigned the shape to sentence excluding 3 and ~3.

Procedure. Students were divided into two groups in computer lab of the university as
there several computers run on same google form. Each individual had his own desktop and
he did his work individually at his admit space.

Students were solely allotted to the experimental condition after enter the computer lab.
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Following rules have been given by the students:
o Each student has randomly allocated one computer desk.
« Instructor told them to take maximum time to finish the task.
« Students must be taken part in the experiment individually.
« Instructor told them their information would be personal.
o They had authority to depart at all time.

The forms based on the rule of Experiment I were sooner present on the computer terminal
of students. They were enquired to study all manuscript and would be started as soon as they
can. Instructor told them that this experiment was designed to know about how do individuals
solve multi-propositions of true logical reasoning? Instructor also told the students that if the
inference follows the premises click on yes box. Each student received 28 multi-propositions
and they were answered them randomly. Both groups’ answers were covered by the google
form and saved into the disk.

Results and discussion. The experiment contains the sets of datasets that can be investi-
gated for many conceptual aims rather than those logicians have here for spatial description.
Therefore, an entire enlist of the percentage of inferences agreed by all groups for all premises
is given in S1 Appendix. Logicians have focused their analysis here on three modalities with
consistency and incompatibilities of multi-propositions, identified a priori as inferences, that
are NC (n = 6), PC/PI (n = 12), or IPI (n = 10) given the multi-propositions. Fig 2 shows the
average percentage approval of inferences in all sets for the two rules’ groups. Here mention
that more inferences endorse in ¢ group, and that the order of approval for multi-propositions
types NC > PC/PI > IPI in both rule formats. The latter tendency is to be expected, not only
for DPTs, but for any interpretation that takes into account the important factor of deductive
power in classical truth logics.

As we calculated in both groups that the Average Means percentage of PI/PC (u = 65.08,
SD =30.095, SE = 8.688, P < .5 and p = 68.58, SD = 21.047, SE = 6.076, P < .5) is greater than

Necessity group
Possibility group

100 A

80

60

Range

40 ~

20

T
Necessity group Possibility group
Fig 2. Inferences percentage of immediate inference task (IIT) in Experiment I, with rules of 0 and ¢ groups.

https://doi.org/10.1371/journal.pone.0299741.g002
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Table 3. Descriptive statistics of Experiment I.

N Mean Std. Deviation Std. Error 95% Confidence Interval for Mean Minimum Maximum
Lower Bound Upper Bound
O group NC 6 56.50 16.453 6.717 39.23 73.77 35 75
PC/PI 12 65.08 30.095 8.688 45.96 84.20 13 98
IPI 10 44.70 34.192 10.813 20.24 69.16 8 98
Total 28 55.96 29.881 5.647 44.38 67.55 8 98
O group NC 6 60.67 14.895 6.081 45.04 76.30 38 78
PC/PI 12 68.58 21.047 6.076 55.21 81.96 18 90
IPI 10 13.60 14.462 4.573 3.25 23.95 4 53
Total 28 47.25 30.870 5.834 35.28 59.22 4 90

https://doi.org/10.1371/journal.pone.0299741.t003

NC (n=56.50, SD = 16.453, SE = 6.717,P < .5and p = 60, SD = 14.895, SE = 6.081, P < .5). As
we strongly accepted our hypothesis that HP1: Individuals will more likely to endorse infer-
ences as PC/PI rather than NC. Descriptive statistics are as under (see Table 3).

A 2*3 ANOVA and post hoc Test (PHT) were performed to exam the effect of Between-
subjects’ groups i.e., 0 group and ¢ group, and Within- subjects inferences set i.e., NC vs PC/
PI vs IPI. we analyzed the depended variable as overall means percentages of inferences that all
the students’ endorsement. Each proposition was calculated as we were provided info in three
sets to the ANOVA (see Table 4).

All the results showed that ¢ group rules significantly endorsed student’s judgment estima-
tion possibly true as ¢ group Between Group significant rate is .291 rather than o group signif-
icant rate is Zero. Hence, the main effects of the results accept main hypothesis HP1, defined
initially. This interaction also reflected the high difference among two groups for inference
that have possibility. Moreover, ¢ Group had also a very consequential effect as considering
greater recognition under the ¢ group F (1, 27) = 55.96, SE = 5.647, p < .05.

This interaction seemed to reflect a larger difference in the inferences that could be drawn
between the two groups. This is not surprising, since the correct answer to these inferences is
different among both groups: “Yes” for the ¢ group and “No” for the o group. Subsequent
analyzes were performed to evaluate HP2 and HP3 taken from the DPTs. As a retrieval, HP 2:
It’s easier to calculate that inference has PC/ PI if it has also NC. Generally, logicians predict
more endorsing PC for NC than for PI proposition.

Such predicted hypothesis rationale is the only one requirement; identify MM which sup-
ports the inference to be sure that it is PC/ PI1. On NC propositions, all MMs of the proposi-
tions support the inference, and on PC/ PI proposition, at least one of the MM does not (PI
proposition). So, it would be ease to find an endorsing MM on the NC proposition. This
hypothesis was tested using one-tailed relative group t-test, comparison with given sets PC/ PI
and NC propositions for the 0 group rule. This hypothesis was significantly agreed, t (39) =
5.44, p < .001. HP3 as follows It’s easier to calculate that inference is not NC if it is also not

Table 4. Means percentage of inferences between groups and within groups subject ANOVA.

Sum of Squares df Mean Square F Sig.
O group Between Groups 2268.448 2 1134.224 1.298 291
Within Groups 21838.517 25 873.541
Total 24106.964 27
O group Between Groups 17864.600 2 8932.300 28.394 .000
Within Groups 7864.650 25 314.586
Total 25729.250 27

https://doi.org/10.1371/journal.pone.0299741.t1004
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Table 5. Multiple comparisons between groups and within subject inferences. Tukey HSD.

Dependent Variable (I) NC vs PI/PC vs IP1

¢ group NC

PC/PI

IPI

O group NC

PC/PI

IPI

(J) NC vs PI/PC vs IP1 Mean Difference (I-]) Std. Error Sig. 95% Confidence Interval
Lower Bound Upper Bound

PC/PI -8.583 14.778 .832 -45.39 28.23
IPI 11.800 15.263 723 -26.22 49.82
NC 8.583 14.778 .832 -28.23 45.39
IPI 20.383 12.655 .260 -11.14 51.90
NC -11.800 15.263 .723 -49.82 26.22
PC/PI -20.383 12.655 .260 -51.90 11.14
PC/PI -7.917 8.868 .650 -30.01 14.17
IPI 47.067* 9.159 .000 24.25 69.88
NC 7.917 8.868 .650 -14.17 30.01
IPI 54.983* 7.594 .000 36.07 73.90
NC -47.067* 9.159 .000 -69.88 -24.25
PC/PI -54.983* 7.594 .000 -73.90 -36.07

*The mean difference is significant at the 0.05 level.

https://doi.org/10.1371/journal.pone.0299741.t005

PC. Generally, logicians predict more PI than IPI proposition endorses as NC. Logicians pre-
dict more PI than IPI in the o group. This predicted hypothesis only rationale one require-
ment; identify one MM of the propositions PI that contain no inference PC to determine the
inference. This is easier on IPI proposition, where no proposition model supports the infer-
ence, than on PI proposition, where at ease one MM would endorse it. This HP3 was evaluated
by “one-tailed t-test” to compare accepting rates for PI and IPI proposition under the o group
rule and was additionally strongly accepted, F (39) = 16.91, p’s < .001. Additionally, we con-
cluded in Table 5, in both groups; PC/PI with NC highly significant (sig. = .832, .650) as com-
pare with IPI (sig. = .260,.000). So, we strongly accept our HP2, HP3 and predictions.
Logicians’ analysis the inferences drawn from the IIT of Experiment I strongly supports all the
main hypothesizes and predictions. Another aspect of the occurrence data is also worth
noting.

Although PC/PI propositions were recognized almost same frequently than NC and IPI
propositions in both rules in groups, the data under the propositions of 0 group appeared to
serve multi-modal distribution. 12 PC/ PI propositions, accepted percentage was 48%, same as
10 IPI propositions percentage was 48 and of the 6 NC percentage of inference was 39%.
whereas, in ¢ group, PC/ PI inference percentage 61%, NC percentage 44% and percentage of
IPI propositions were 55% (see Fig 3). Thus, the results were shown that logicians often did
not look for counter-examples, indeed when ruled to develop the o group findings.

The data are compatible with the hypothesis that few PC/ PI propositions propose an initial
MM that endorses the inferences—inducing to the endorsement of fallacies—while rest one
do not. logicians back to this proposition when they discuss the consequences of Experiment
IT and provide the reason for Experiment III, all of which involved modal syllogism.

Experiment II

Experiment IT defined this study in detail as report in Experiment I, Logicians firstly briefly
discussed the classical truth logic as a modal syllogistic logic. A syllogism has two terminal
shapes, which they call Diamond (¢ ) and kite (&s) (here Diamond shape donated M and Kite
shape donated Q)- in the order mentioned in the assertions—and a midst or connecting atom,
which they call Rhombus (7) (Here Rhombus shape donated P). The order of inferences can
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Fig 3. Means percentage of inferences between both groups.

https://doi.org/10.1371/journal.pone.0299741.9003

be @ - [J or [J-¢. premises or inferences can take each of the four forms of modes were dis-
cussed previously and were explored in the IIT of Experiment I. Such as;
Al =
Some [J not &g
Therefore, some ¢ not &g
A classical truth logic has distinguished the four shapes of the syllogism that was given by
order of study in the assertions with endorsement to the order in inference. A classical truth
logic is also explained as only way to establish propositional sequence. In this study, logicians
have wanted to consider all possible ways to present these propositions of inference. Therefore,
they have followed the Johnson-Laird and Bara [17] defined figure by their self-generating
shapes without regard to the order of premises to inferences. There are four possible shapes:
Shape A o-O
0J-wg
Shape B 0-¢
as- 7
Shape C -
as- 7
Shape D O-¢
0-w
Here ¢ denotes M, [ denotes P, and @gdenotes Q. This experiment has used Evaluation
Task (ET) and each of above shape can be defined inferences of either ¢ @gor @g@order. PC/
PI propositions’ number in the ET increases significantly, since the two PC/ PI order of infer-
ences must be compound by the four possible modes. This resulted in five hundred twelve par-
ticular propositions. All of these were evaluated in Experiment II. However, to keep the task
within reasonable bounds, students assessed ¢ &or @@ order, but not both. Furthermore,
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they assessed 4 inferences on the similar desktop for a given pair of premises, so they efficiently
assessed two hundred fifty-six syllogistic propositions, presented on 40 separate desktops.

Many syllogistic literatures of reasoning have been detected in the previous academia [18,
32, 33]. Recently, the main development of syllogistic reasoning is modal syllogistic logic [34].
As here mention earlier, with regard to the deductive approach, Rips [20] provided a prelimi-
nary account of reasoning with quantifiers in the tradition of MLT. MMT theorists have
described syllogistic reasoning in detail over the years and have implemented it in working
computer programs. The linguistic inference model, which is likewise model-based but
diverges significantly from the theory put forward in several significant ways, was significantly
improved by Polk and Newell [35]. Previously, we mentioned that the goal of this study is to
verify general DPTs hypothesizes that are independent of implementation details. We exam-
ined the three hypotheses (HP I, and HP 2,) about the distinction between PC/ PI and NC
inferences that were evaluated on the simple IIT in Experiment I using this Experiment as
well.

Experimental method

Students. We determined classical sample size. This experiment was Between-Group
design (see Table 6). 80 participants were same who performed experiment 1. Now, total 110
university students (65 men. 45 women, age average: range 23-30 years) from one university
of Pakistan have taken part in this experiment. All are Urdu speakers but their study medium
is in English. They did not study logic before. To ensure adherence to ethical principles, we got
official written approval from the Ethics Committee of Shaanxi Normal University, School of
Psychology. Informed written consent was obtained from all study participants, who claimed
their understanding of the study’s purposes, and the respondents were assured that their iden-
tities and responses were kept confidential which would be maintained in the best interests of
academic integrity and every possible manner. Additionally, they were informed of the impor-
tance of the study, its possible implications, their role as interviewees, and that no compensa-
tion would be offered and they would like to participate in the study voluntarily. Respondents
were assured that they could stop responding and withdraw from the interview at any time.
The data collected will be used only to suggest mechanisms for abating the impostor’s feelings
through academic outcomes.

Design & material. Total 110 students (55 in each group) performed task in four subdi-
vided experimental orders. Students got the similar type of experiment’s rule (o0 and ¢ group)

Table 6. Between-subjects factors of Experiment II.

Value Label N
Groups 1 o group-MQ 128
2 ¢ group- MQ 128
Shapes 1 Shape A 128
2 Shape B 128
3 Shape C 128
4 Shape D 128
Inferences 1 NC 48
2 PC/PI 416
3 IPI 48

M denotes €, and Q denotes@§

https://doi.org/10.1371/journal.pone.0299741.t1006
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as in Experiment 1, however they were subgroup accorded to how they accepted inferences
assessed in ¢ @gor @g@orders.

Each student was given 55 independent computer desktops, one for all probable proposi-
tional pairs. For all pair, we were indicated how all of the four probable inferences were rules
of o and ¢ group. The four possible inferences are for each of the four modes, and the order
(¢ msor @@ ) depends on the sub-groups to which the student was assigned (see Table 6).

Multi-propositions were given in same pattern forms as in Experiment 1 except, two propo-
sitions, and four inferences evaluating now. Such as a desktop layout follows under;

Given that

Some A are <
No < are >
Is it Necessary that

Yes No
All A are D> ] m]
Some A are > m] ]
No A are > m] m]
Some A are not > m] m]

Here, Equilateral Triangle (A) denoted as A, left Triangle (<) denoted as B, and right Tri-
angle (P>) denoted as C. Above were the examples of 0 group—P R group. Students in ¢
group- R P group were given same as propositions “Is it possible that. . .” and those whom
were R P group shown inferences reversed i.e., All > are A, and so on. Shapes were given ran-
domly with independent classical truth logic form for the program of each premise. The order
of four inferences type as modes were fixed above as V, ~V, 3, and ~3 for all propositions.

Procedure. Students from Experiment I also participated in this experimental task. They
have been told that there would be another series of classical truth logic of multi-propositions,
but in this condition, there would be double premises, and we would ask, if the propositions
have truth, to judge either subsequent propositions are compulsory true (O group) or probably
true (O group). Students were revealed examples of desktop layouts and indicated their
responses by clicking "yes/ no" boxes next to all of the propositions: They had authority to
decide on the propositions in any answer, but that the answers could not be changed once they
were made. A box on the desktop was filled whenever a student clicked inside of it. A box with
the title "Click here for the next propositions" appeared when all four responses had been given
here for the next problem" appeared when all four responses had been given. Students could
take breaks as needed in between the lengthy sequence of multi-propositions and work at their
own pace. The application stored the replies and latencies to disk along with the responses. The
distribution of the 55 desktop computers to the students was independently random.

Results & discussion. S2 Appendix contains a list of response frequencies for each partic-
ular multi-proposition. Each student rated 256 premises-inferences combinations, 24 of which
were NC (inference must follow premises), 208 of which were PC/PI (inference could follow
from premises), and 24 of which were IPI (inference cannot follow true from premises). These
figures reflect the fact that if premises exist, given that students, we suppose that universal
propositions entail the existential of the convenient students and that "some" is considered to
mean "at least some, and potentially all.", such as, support an inference of the form " All > A"
they also support "Some > A" and "Some A [>." The average means acceptance rate for all
proposition type in all rule group is indicated in Fig 4 and is the average of the¢ &g and
s subgroups (this has no overall influence).

A 2%4*3 ANOVA was performed again on the shared information from all students and
conducted information’s about all the three propositional types.
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As we calculated in both groups and sub-groups that the Average Means percentage of PI/
PC is greater than NC. As we strongly accepted our hypothesis that HP1. The results were
almost same tendencies shown in Experiment 1, however, the ANOVA was used here that
revealed similar patterns showed a substantial main impact of rule groups, showing that o
group@ & rules led to better acceptance rates (SS = 16.866, df = 82, MSE = .206, npz =.240)
see Table 7.

Additionally, there was a substantial main influence of proposition type that reflected the
hierarchy of NC > PC/PI > IPI as independent variables that depend on both the groups and
sub groups rate. The interaction among these two factors was strong, just like in Experiment I:
It can be shown from that rule had the greatest impact on propositions of the PC/PI type. On
the other hand, the sequence of the inferences had no impact. HP1 has confirmed the main
impact in ANOVA test, however, HP2 and HP3 also required follow up tasks is in Experiment
I. One- tailed t tests groups related was assessed with separated tests for ¢ &s and &g sub-
groups (degree of freedom = 167). HP2 that students given ¢ group rules will admit more NC

Table 7. Tests of between-subjects effects in Experiment II.

Dependent Variable: NC vs PC/PI vs IPI

Source Type III Sum of Squares df Mean Square F Sig. Partial Eta Squared
Corrected Model 42.650° 167 255 1.647 .000 444
Intercept 377.661 1 377.661 2435.140 .000 .876
¢ group Q M 21.332 85 251 1.618 .001 .286
o group M Q 16.866 82 .206 1.326 .044 240
Error 53.350 344 155

Total 2144.000 512

Corrected Total 96.000 511

a. R Squared = .444 (Adjusted R Squared = .174)
M denotes €, and Q denotes@§.

https://doi.org/10.1371/journal.pone.0299741.t1007

PLOS ONE | https://doi.org/10.1371/journal.pone.0299741

July 2, 2024

15/32


https://doi.org/10.1371/journal.pone.0299741.g004
https://doi.org/10.1371/journal.pone.0299741.t007
https://doi.org/10.1371/journal.pone.0299741

PLOS ONE

Classical truth logic in multi-propositions: Dual-process theories and deductive modal syllogisms

than PC/PI inference. It’s confirmed for both ¢ &s (F’s = 5.93, p’s< .05) sub-groups.HP3
revealed that students given 0 group rules will admit more PI than IPI inference. That con-
firmed both ¢ &g (t=11.4, p < .05) and &g@ (F’s = 8.6, p’s < .05) sub-groups.

In classical truth logic of modal syllogism, ET is used in this experiment to look at a few
additional interesting multi-propositions in DPTs. According to the MM theory, individuals
are less likely to correctly infer inferences from syllogistic propositions that suit several MMs
than they are from those that only fit one MM. The key idea here is that any propositional MM
will support an inference if it is true, as is the case with their required inquiry. Therefore, there
shouldn’t be a modification in performance among single-model and multi-model proposi-
tions if individual just considers one MM of the proposition. On the other hand, individuals
should be more challenging at deduction if they try to reason establishing an inference in all
MM of a proposition. Logicians admitted that these hypothesizes have not been tested before
on a syllogism ET, although Johnson-Laird and Bara [17] provided evidence for it using as
production task (PT). To reduce comparison with their studies, we excluded validity of syllo-
gisms into weak inferences from this investigation—such as, those to be evaluated that infer-
ence "some ¢ &s" despite the inference "all ¢ &g" that was supported by propositions. Such
inferences rarely arise in PT. 256 propositions posed to each student, only 36 were valid and
led to strong inferences. For these subgroups, logicians investigated the modification in accept-
ing rates among propositions multi-propositions of single-model and multi-model. On the
basis of the o group rules, they would suppose a trend same to that tested by [17], namely, a
reduced acceptance of valid inferences for multi-propositions of multi-models. However,
under the ¢ group rules, such tendencies shouldn’t be discovered since in this situation, it’s
simply NC to find a model that supports the inferences of the students to prove the answer yes.
The patterns in their data support the hypothesis. 18 of the 36 propositions fall into the catego-
ries of single-models and multi-models, respectively, according to Johnson-Laird and Bara.
When given O group rules, 82% of propositions with a single-model had their results accepted
as opposed to 69% of propositions with multi-models. This tendency was less pronounced
under ¢ group rules, with 89% of single-model of multi-propositions accepted vs 78% of
multi-model of multi-propositions, as was to be expected. For all students, they calculated the
modification in accepting rates of single-model and multi-model of multi-propositions in
order to assess the relevance of this interaction. One tailed “between-groups” t-test was used to
compare these difference scores between the 55 individuals who received o group rules and
the 55 students in the ¢ group rules. The analysis revealed statistical significance r (102) =
291, p’s < .005.

According to the above investigation, at least on this specific collection of 36 syllogisms, sup-
ports the DPT's of multi-propositions that logicians search for counter-examples in MMT. It
has extremely higher rates to support the fallacy revealed in this experimental study and some-
where else in the works, however, make it evident from the data as a whole that any such facility
must be inadequate. Though it seems that some people may be looking for counterexamples,
which effectively leads to the rejection of some of the endorsement fallacies, the lower accep-
tance rate of PC/ PI rather than NC propositions under o group rules may be the cause. Logi-
cians need to take into account a different explanation for the lower acceptance percentage of
the potential inferences, although individuals will accept any inference that is supported by the
first model of the propositions, they consider to be true. Assume the PC/ PI proposition are
continually pointed toward a single-model premises which either accept or reject the inference.

As the results, certain PC/ PI propositions would be accepted as happening frequently as
NC propositions and others as happening seldom as IPI proposition. This was true for the
instantaneous IIT in Experiment [, as they have already mentioned.

PLOS ONE | https://doi.org/10.1371/journal.pone.0299741  July 2, 2024 16/32


https://doi.org/10.1371/journal.pone.0299741

PLOS ONE

Classical truth logic in multi-propositions: Dual-process theories and deductive modal syllogisms

A similar tendency was found when the data from the Experiment II IIT under the o group
rules were examined for PC/ PI proposition. Some fallacies were firmly endorsed, such as;

AllA

Some < not >

Therefore, some A not >

Here, A denoted A, < denoted B, and > denoted C. 90% percent students believed the
above investigation to be valid under the rules of o group. Additionally, 90% of the judgements
were for ¢ group rules, indicating that (1) individuals have no trouble imagining situations
(MM) in which premises and inferences are true but (2) they do not look for examples to
prove O group rules. Considering the classical truth logic that goes like this:

Some A <

AllD>

Therefore, all > A

When given rules for 0 group, just 5% of individuals supported this syllogism; nevertheless,
48% did so when given for ¢ group rules. This implies that individuals first reject the inference
as unneeded because they cannot imagine a MM of the premises that would support it in this
particular inferences. When individuals are asked if the inference is PC/ PI, it seems as though
some effort is made to discover a competing and illustrative MM. The connection between
groups MLT rules and logical classification of the propositions stated above might be explained
by a tendency to look for other MMs when showing ¢ group rather than o group. Remember
that this collaboration replicates the fact that the rise in inference accepting under the ¢ group
rules was greater for PC/PI syllogizes than either NC or IPI.

So, experiment IIT was developed to both examine the research behind this phenomenon
and to validate the correctness of the hypothesizes that few incompatibilities are persistently
distributed while others are suppressed.

Experiment III

As was already said, Experiments I and II have shown that the priori inferences they made
regarding the implications of the MMs account are both PC/PI and NC inference. There is
another finding but that does not quite fit inside this paradigm. It seems that when PC/PI
propositions are evaluated according to 0 group rules, some are accepted at extremely high
rates corresponding to those of NC propositions, while others are accepted at very low rates
corresponding to those connected with IPI difficulties (see above examples of two types of clas-
sical truth logic).

One view is that individuals just answer "yes" if the first MM provided by the premises
includes the inference, rather than looking for MMs that provide counter-examples. To their
knowledge, Experiment II is the only research that has looked at students’ evaluations of all
possible inferences with all possible premises’ types, and it is undoubtedly the first to have done
so with assessments of both 0 and ¢ group. Although having access to such a database should
be beneficial to theorists of all stripes, such a thorough approach has the drawback of requiring
each student to complete a very large multi-proposition which can be seen S2 Appendix. The
alternate would have essential processed of two hundred fifty-six different computer displays
for all students, even maintaining inference rules as between students’ variable. This compelled
the separate computer system in which 64 premises pairings were given with four inferences to
be assessed.

Similar to the IIT propositions of Experiment I, Experiment III includes presenting chosen
modal syllogisms as all student receives only sixty-four propositions overall, each of which is
given on 55 separate desktops. Their primary concern in choosing classical truth in syllogistic
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Table 8. On the base of inference rate, classical syllogistic truth logic (CSTL) in Experiment II further investigated in Experiment III.

M—P P—M M—P P—M
P—Q Q—P Q—P P—Q
CSAL MQ QM MQ QM MQ QM MQ QM
NC v VY~V v33 WV VY~V VY~V v33 WV
VY~V 3v 3 VV~3 Vv 3 3~v~3 V~3~3 V~~3 v33
3v3 ~WW~3 3~v~3 Y S ~WY 3~v~3 ~WY
3~V~3 ~v3~3 WYY ~v3~3 ~3V~3 ~v3~3 WYY ~v3~3
IPI A WY~V WY~V WY~V VY Y VY Y WY~V WY~V
F Y~V 3 Y~ V3~V W~3 ¥~V 3 v~3V V3~V W~3
eV Y~V 3 R ~VY VY ~WV Y ~WV Y ER ~WV Y
ERA Y ~VY ~v3V ~3v v ~v3V ~WW Y ~v3V
PC V~3~3 v33 ¥~3~3 333 v3~3 v33 V~3~33 333
333 3~3~3 v 3 3~3~3 v 3 Iv3 v 3 3~3~3
~3V~3 ~3¥~3 33-3 ~3¥~3 3~3~3 3~3-~3 33-3 ~3v~3
~3~3~3 ~33-3 ~3¥~3 ~33~3 ~33-3 ~3v~3 ~3v~3 ~33-3
PI EEY V~3V v3v V~3V EVAY EVAY v3v V~3V
~33V EENY V~3V A IV VY v~3Y ERAY
~3VY 3IVY ~AVY ~Y~3V EEL ~V~3Y ~3VY ~V~3Y
~3~3V ~3~3V ~3~3V ~3~3V ~3~VY ~33vV ~3~3v ~3~3V

Note: bold letters denoted propositions pair and small letters denoted inference. As these three types represent, V = Al M P; ~V = No M P; 3 = Some M are P; and ~3 =
Some M not P. M denotes@), P denotes 7, and Q denotes@§.

https://doi.org/10.1371/journal.pone.0299741.t008

logic was the notion that there are two types of PC/PI propositions sub-groups i.e., possible
consistency (PC) and possible incompatibility (PI) that define as:

Possible consistency (PC): Assertions whose inferences are PC but not NC given their
propositions, but that frequently endorse as having NC inferences.

Possible incompatibility (PI): Assertions whose inferences are PI then not NC assumed
their propositions, but that rarely endorse as concerning NC inferences.

In other words, PI syllogistic logic is the fallacy individuals try to avoid whereas, PC syllo-
gistic logic is the fallacy individuals tend to produce (under o group rules). In the two tests
that have been published so far, the identification of these two groups was required to be retro-
active. As a result, they made the decision to choose Experiment II’s case of PC/PI propositions
with high and low endorsing rates and subject them independently repeat in Experiment III.
Table 8 displays the exact syllogistic logic that were chosen. It should be noted that the 64
propositions offered to the ¢ &g groups were not always the identical propositions presented
to the ¢ &s groups. This is due to the fact that multi-propositions were chosen entirely based
on students’ performance how well they performed in Experiment II when given o group
rules.

The classical truth logic that was deemed NC for each four shapes of propositions and infer-
ences order were those that were most commonly endorsed. PC classical truth logic was estab-
lished by selecting the four greatest frequent endorsed PC/PI propositions in each shape.
Similarly, PI propositions were the smallest frequent endorsed. To conclude, the smallest fre-
quent endorsed IPI propositions were designated. This methodology provides a significant
experiment of whether PC proposition is endorsed as often as NC proposition, and PI proposi-
tions as rarely as IPI propositions. The levels were similar in both situations when given o
group rules that shown in Fig 3.
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Fig 5. Inferences percentage of Experiment II, 0 and ¢ groups rules with four propositions types: NC, PC, PI and
IPI, together replicated data from Experiment III.

https://doi.org/10.1371/journal.pone.0299741.9005

However, when the identical multi-propositions were considered using ¢ group rules, PI
propositions had a somewhat greater acceptance rate than IPI propositions that can be seen in
Fig 5. Students in Experiment III got the identical syllogisms whether they responded to ¢ or
o group rules, despite the fact that the 0 group results of Experiment IT were utilized as the
foundation for propositions’ selection.

Experimental method

Students. We determined classical sample size. This experiment was Between-Group
design (see Table 9). 40 university students (25 men. 15 women, age average: range 23-30
years) from one university of Pakistan have taken part in this experiment. All are Urdu speak-
ers but their study medium is in English. All of them did not take part in Experiment 1 and 2
or in other similar experiments. To ensure adherence to ethical principles, we got official writ-
ten approval from the Ethics Committee of Shaanxi Normal University, School of Psychology.
Informed written consent was obtained from all study participants, who claimed their

Table 9. Between-subjects factors in Experiment III.

Value Label N
Shape A 8
Shape B 8
Shape C 8
Shape D 8
0 -M P group 16
O -Q M group 16
NC 8
PC 8

8

8

Shape

Rules/Inferences

Multi-Propositions

PI
IPI

B W (N = (o= s W N

M denotes €, and Q denotes@§.

https://doi.org/10.1371/journal.pone.0299741.t1009
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understanding of the study’s purposes, and the respondents were assured that their identities
and responses were kept confidential which would be maintained in the best interests of aca-
demic integrity and every possible manner. Additionally, they were informed of the impor-
tance of the study, its possible implications, their role as interviewees, and that no
compensation would be offered and they would like to participate in the study voluntarily.
Respondents were assured that they could stop responding and withdraw from the interview
at any time. The data collected will be used only to suggest mechanisms for abating the impos-
tor’s feelings through academic outcomes.

Design. Students 10 each divided in Four groups same as experiment II performed with
same rules and inference order 0 -¢ @ group and ¢ -as@ group.

64 separate classical truth logics were given to each student to develop two within student
factors, the types of propositions (NC, IPI, PC, and PI), the syllogistic shapes, and repeatedly
displayed to each student on four levels each.

Materials and procedure. The end and middle phrases utilized in the previously chosen
syllogisms, which are displayed in Table 8, were randomly assigned shapes (exclude 3, and
~3). Similar to Experiment I, the desktop layout that was employed included two premises and
a single inference that could be assessed by clicking YES/NO box. All student saw the 64
multi-propositions on a different desktop, in a randomly chosen order.

The students were first given a general description of the experiment’s design, as well as
information about confidentiality and their freedom to withdraw. Depending on the experi-
mental condition they had been given, students were then shown on-desktop rules. With the
exception of the necessity to assess a particular inference on each desktop, the rules were quite
identical to those in Experiment II. Students were given experience using the mouse before the
multi-propositions were randomly presented so they could become accustomed to the way Yes
and No replies were signaled.

Results & discussion. Fig 5 displays the data from Experiment II together with the rates
of accepting various logical kinds underneath o group rules. It is clear that Experiment III
offers a tight replication, eliminating the notion that the distinction between PC and PI diffi-
culties was accentuated by a retroactive selection of these types (i.e., due to statistical regres-
sion). The acceptance percentages of NC and PC propositions are still quite close in
Experiment III.

Only somewhat more frequently than IPI propositions are PI propositions accepted. Again,
comparing the results from Experiments I and III, Fig 5 shows accepting rates for the various
task types underneath ¢ group rules. A good replication is observed once more, but this time
it is more pronounced that PI propositions are more often accepted than IPI propositions.
Table 10 provides a breakdown of the mean % acceptance of the conclusions in Experiment IIT
by shapes, multi-propositions, inference/ rules. With four replications of each syllogistic logic,
each cell represents the average response of 10 people.

Logicians were able to conduct 4-way ANOVA on the rate of Yes replies of respondent to
the use of replications, using the shapes and Rules as within-group factors and multi-proposi-
tions and inference as between-group variables. There were very highly substantial impacts of
group rule, F’s (3, 31) = 55.25, SE = 0.89, p’s < .001, and a significant main effect of group rule,
F’s (3,31) = 50.47, SE = 0.134, p’s < .001, where more inferences were accepted under ¢ group
(61%) than o group (39%) rules. Descriptive analysis as under (see Table 11):

The Multi-Propositions in Experiments I and II (specified on three rather than four types)
interacted considerably with the rules, leading to a somewhat higher acceptance of PC/ PI
inferences when the rules called for ¢ group. In this analysis, the two variables also strongly
interacted, with F’s (3, 182) = 3.75, SE = 0.262, and p’s< .001. However, when the ¢ group is
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Table 10. Inference percentage of Experiment III, divided into propositions type (NC, PC, PI and IPI

Groups’ Rules &

Propositions type
o Group
NC
IPI
PC
PI
M%

O group
NC
IPI
PC
PI
M%

MQ

82
8
85
19
49

92
32
91
57
68

M—P
P—Q

=

, Shapes, inference order and both rules’ 0 and ¢ groups.

P—M M—P P—M
Q—P Q—P P—Q
QM MQ QM MQ QM MQ QM M%
78 69 85 77 89 85 78 80
23 24 19 14 14 25 12 18
82 82 73 82 69 72 77 78
24 23 20 16 14 20 15 19
52 50 53 47 47 51 16
80 88 87 76 85 88 87 85
15 31 7 23 15 29 20 19
94 88 92 94 91 81 77 89
25 49 2 47 23 4 26 12
54 64 52 55 54 60 53

Here, M denotes €, P denotes 7, and Q denotes&g.

https://doi.org/10.1371/journal.pone.0299741.t1010

divided into PC and PI, it appears from the means that the primary distinction lies in the
accepting rates of PI proposition, which approved rate was 42% underneath ¢ group rules
related with just 19% underneath o group rules. This variance, which is theoretically meaning-
ful and statistically substantial t (55) = 49.365, p’s < .05, demonstrates that when given ¢
group rules, logicians do look for alternate MMs of the propositions if the original one doesn’t
support the propositions rather than just answering No. Contrastingly, PC propositions with o
group rules have very high acceptance rates, suggesting that there isn’t much need to look for
alternate MMs when the first MM found supports the inference.

There were a number of additional important consequences. First, the main impact of the
shapes was significant even if it was simple (F (3, 182) = 3.75, SE = 0.262, and p< .05. The per-
centage of inferences were accepted ranged from 68% in Fig 1 to 53% in shape 4. Inference
order had no major effects, but it did interact with rule in a significant way (F (1, 36) = 7.41,

SE =0.134, p< .001). Looking at Table 12 reveals that this was caused by the ¢ group increased
acceptance of the ¢ &g inferences. This tendency has no readily apparent cause.

The remaining trends included multi-propositions interactions. This was a significant but
weak interaction with the shapes and inference separately, as well as with all three types com-
bined. F’s (9, 614) = 1.97, SE = 1.85, p’s < .05. The high repetition of identical results for the
similar classical syllogistic logic provided in Experiment III when related with Experiment II
challenges some probable criticism of the previous experiment’s design, it should be empha-
sized. Firstly, participation in Experiment 1 could have had some bearing on how students per-
formed in Experiment II, but Experiment III lacked this prior task. Second, it may be claimed
that the enormous number of classical syllogisms utilized in Experiment IT made students
tired or bored, which could introduce noise into their data. Given the self-pacing that was
offered and the fact that the research revealed highly distinct and organized tendencies, they
believe that this was unlikely to be accurate in any case. This opinion is supported by the fact
that the statistics on equivalent classical syllogisms in Experiment III, when just a fourth as
many were utilized, were so similar. There were a number of additional important conse-
quences. First, the main impact of the shapes was significant even if it was simple (F (3, 182) =
3.75, SE = 0.262, and p< .005. The percentage of inferences were accepted ranged from 68% in
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Table 11. Descriptive statistics of Experiment 3.

Shapes Rules/Inferences Multi-Propositions Mean Std. Deviation N
¢ group Shapes A 0—M P group NC 62.50 32.522 4
O—Q M group PC 51.75 31.479 4
Total 57.13 30.182 8
Shapes B 0—M P group PI 57.25 27.837 4
O—Q M group IPI 53.50 37.546 4
Total 55.38 30.664 8
Shapes C 0—M P group NC 54.00 28.902 4
O—Q M group PC 52.75 39.752 4
Total 53.38 32.182 8
Shapes D o0—M P group PI 58.75 33.300 4
O—Q M group IPI 51.50 36.263 4
Total 55.13 32.463 8
Total o—M P group NC 58.25 28.843 8
O—Q M group PC 52.25 33.200 8
Total 52.37 32.555 16
Total NC 58.25 28.843 8
PC 52.25 33.200 8
PI 58.00 28.425 8
IPI 52.50 34.189 8
Total 55.25 29.861 32
O group Shapes A o—M P group NC 54.00 40.538 4
O—Q M group PC 50.00 35.954 4
Total 52.00 35.537 8
Shapes B o—M P group NC 48.75 35.208 4
O—Q M group PC 45.75 36.673 4
Total 47.25 33.320 8
Total NC 51.38 35.262 8
PC 47.88 33.698 8
PI 54.88 30.021 8
IPI 47.75 36.074 8
Total 50.47 32.302 32

https://doi.org/10.1371/journal.pone.0299741.t011

shape 1 to 53% in shape 4. Inference order had no major effects, but it did interact with rule in
a significant way (F (1, 36) = 7.41, SE = 0.134, p< .001). Table 10 reveals that this is caused by
the ¢ group increased acceptance of the¢ &g inferences. This tendency has no readily apparent

cause.

General discussion

This experimental study evaluated the theory that individuals judge whether multi-propositions
are necessarily consistent? Individual judgement can decide the validity of inference as either
necessarily consistent, possibly consistent or impossibly incompatible. The results showed that
logically untrained students are capable of modal inferences on single syllogistic propositions
and truth premises. They were also confirmed our main hypothesizes constructed by DPTs.
HP1; Individuals were more likely to endorse inferences as PC/PI rather than NC. This
hypothesis suggests an expectation that students are more likely to support an inference that is
possible, rather than one that is necessary. This hypothesis implies a tendency for individuals
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Table 12. ANOVA of between groups and within groups in Experiment III.

o group * Shapes

¢ group * Shapes

o group * Rules/Inferences

¢ group * Rules/Inferences

O group * multi-Propositions

¢ group * multi-Propositions

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

https://doi.org/10.1371/journal.pone.0299741.t1012

Sum of Squares
56.500
27585.500
27642.000
113.094
32232.875
32345.969
264.500
27377.500
27642.000
225.781
32120.187
32345.969
265.000
27377.000
27642.000
274.844
32071.125
32345.969

df

28
31

28
31

30
31

30
31

28
31

28
31

Mean Square

18.833
985.196

37.698
1151.174

264.500
912.583

225.781
1070.673

88.333
977.750

91.615
1145.397

.019

.033

.290

211

.090

.080

Sig.
996

992

.594

.649

965

970

to lean towards more likely or probable conclusions rather than those that are strictly required.

According to Experiment 1, in both groups, we computed that the Average Mean percentage
of PI/PC (u = 65.08, SD = 30.095, SE = 8.688, P < .5 and u = 68.58, SD = 21.047, SE = 6.076, P
< .5) exceeds that of NC (u = 56.50, SD = 16.453, SE = 6.717, P < .5 and p = 60, SD = 14.895,
SE = 6.081, P < .5). This strong confirmation of our hypothesis. Moreover, we conducted A
2x3 ANOVA and subsequent post hoc tests (PHT) to assess the impact of between-subject
groups (O group and ¢ group) and within-subject inference sets (NC vs PC/PI vs IPI). Our
analysis focused on the overall mean percentages of inferences endorsed by all students. Each

proposition was factored in, utilizing the information provided in three sets for the ANOVA
as shown in Table 4. All the results consistently indicate that the ¢ group rules significantly
supported students’ judgments, suggesting a possibility of truth. This is evident in the signifi-
cant rate of .29 for the ¢ group, in contrast to the 0 group where the significant rate is zero.
This interaction also reflected the high difference among two groups for inference that have

possibility. & Group had also a very consequential effect as considering greater recognition
under the ¢ group F (1, 27) = 55.96, SE = 5.647, p < .05. This interaction seemed to reflect a
larger difference in the inferences that could be drawn between the two groups. Previously,
Lee and Wagenmakers [36] used the term possible to compute the possibility of Bayesian anal-
yses. He said that “The Bayesian equivalent of hypothesis testing is model comparison, where
competing accounts (possibly, but not necessarily, including a null account) are compared

using Bayes factors.” The results of their studies suggested that “logically valid Bayesian analy-

ses are often not possible.” However, we compared inference of possible and necessary in the
context of students’ endorsement. Halbach and Welch [37] explained that “There are necessary
a posteriori propositions’ or ‘All laws of physics are necessary’ in first-order logic.” He also
emphasized as, “Treating truth as a predicate, while necessity and possibly other intentional
notions are conceived as operators only. “However, our main focus was on logical truth of

modalities, specifically those that are logically consistent and incompatible. However, [38]

explained that “In Modal Logic as Metaphysics, Timothy Williamson develops a case for
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necessities, the theory that necessarily everything necessarily exists”. His main focus was what is
the case of necessary. So, most often researches were based on what is necessary case and neglect
what is possible case. Thus, our HP1 is contributing significantly for future work directions.

HP2; It’s easier to calculate that inference has PC/ PI if it has also NC. Generally, logicians
predict more endorsing PC for NC than for PI propositions.

In Necessity (0) group, the inferences hold in all premise MMs, so premises MMs that indi-
vidual constructs will support the inference as NC. On the other hands, in ¢ group if the prem-
ises support only one PC inference, the individual should look for MM of the premises for
which the inferences hold, and ignore those that are contrary to the inferences PI. We observed
in experiment 1 that the interaction seemed to reflect a larger difference in the inferences that
could be drawn between the two groups. This is not surprising, since the correct answer to
these inferences is different among both groups: “Yes” for the ¢ group and “No” for the o
group. The basis for this prediction is that students only need to find one MM that validates
the inferences to consider it as PC/PI. In necessary propositions, each MM of the premises
supports the inference, while in PC/PI propositions, there is at least one MM that doesn’t.
Consequently, it’s expected to be simpler to discover a supporting MM in NC proposition. To
test this prediction, one-tailed related-groups t-test was conducted, comparing the endorse-
ment of PC/PI and NC Propositions for the group provided with ¢ group rules. This predic-
tion was significantly agreed, t (39) = 5.44, p < .001. So, we strongly accept our HP2 that
single-model rate higher in ¢ group. However, under the ¢ group rules, such tendencies
shouldn’t be discovered since in this situation, it’s simply NC to find a model that supports the
inferences of the students to prove the answer yes. The patterns in their data support the
hypothesis. 18 of the 36 propositions fall into the categories of single-models and multi-mod-
els, respectively, according to Johnson-Laird and Bara. When given o group rules, 82% of
propositions with a single-model had their results accepted as opposed to 69% of propositions
with multi-models. This tendency was less pronounced under ¢ group rules, with 89% of sin-
gle-model of multi-propositions accepted vs 78% of multi-model of multi-propositions, as was
to be expected. The experiments defined few significant novel evidences for its assumptions.
First, Experiment II indicated that the consequence emerged when students were ruled to
judge the o group of the inference—correspondent to the valid inferences performed in tradi-
tional reasoning experimental studies of ML theory [39]. Second, the effect was indeed reduced
for those students whom were ruled to judge the ¢ group propositions of the inference. This
contact significantly suggests that students appreciate that o group propositions require find-
ing inferences in all MMs, whereas propositions of ¢ group do not. However, this further
assumes that students are aware that multi-models of multi-propositions exist but are not sure
they have the ability to check all of them due to the constraint of working memory capacity
(WMC) [40, 41]. Previously, Polk and Newell [35] claimed different premises interpretations
construct external MM drawn through inferences. Students inclined not to recode the prem-
ises of single-model syllogisms (as opposed to verbal reasoning). However, they generated a
range of MMs for multi-model syllogisms. Either they are looking for counter-examples is less
clear or not. However, another occurrence of classical syllogistic logical reasoning supports the
examiner for counter-examples. Dietz and Kakas [42] defined selection task contained cogni-
tive reasoning that is appropriately flexible to consistently capture the modifications among
the selection of students. Zheng, et al. [43] tested visual reasoning that achieved deep learning
and improve accuracy of inference. Image features improve human reasoning models and
effective for problem solving. So, that this study used shaped instead of letters for improve the
memory capacity and intelligence of university students. As judge counter-examples predicted
that students often misrecognized inferences maintained by the preliminary MM of the prem-
ise, when in fact they correctly answered that the premise had no inferences. This result
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suggested that they briefly considered the wrong inference only to reject it because of the
counter-example. Moreover, PC/PI propositions were recognized almost same frequently than
NC and IPI propositions in both rules in groups, the data under the propositions of o group
appeared to serve multi-modal distribution. 12 PC/ PI propositions, accepted percentage was
48%, same as 10 IPI propositions percentage was 48 and of the 6 NC percentage of inference
was 39%. whereas, in ¢ group, PC/ PI inference percentage 61%, NC percentage 44% and per-
centage of IPI propositions were 55% (see Fig 3) Thus, the results were shown that logicians
often did not look for counter-examples, indeed when ruled to develop the o group findings.

Lastly, HP 3; It’s easier to calculate that inference is not NC if it is also not PC. Generally,
logicians predict more PI than IPI proposition endorses as NC. PI inferences hold in at least
one MM of the premises, and IPI inferences not at all holds in any one MM of the premises, so
that if the individual focuses on a MM that holds, then in the latter case, individual tends to err
on the side of inferences. In other words, individuals must find counter-examples to the con-
tent of their inferences to draw unnecessary inferences. The search is easier in the case where
all MMs of the premises are counter-examples than in the case where at least one is not. These
hypothesizes were confirmed in experiment I, in which individuals assessed IIT from an only
truth premise to a measured inference, and in experiment II, where we assessed multi-proposi-
tions with all possible MMs inferences of a syllogistic premise, in experiment III, they assessed
sub-groups of MMs inferences drawn from truth logic premises.

As we observed in Experiments that the student’s endorsement of inference more than NC
as compare with PC in ¢ group. The data are compatible with the hypothesis that few PC/ PI
propositions propose an initial MM that endorses the inferences—inducing to the endorse-
ment of fallacies—while rest one do not. Logicians back to this proposition when they discuss
the consequences of Experiment I and provide the reason for Experiment III, all of which
involved modal syllogism. Moreover, ML theory rules and classical logical truth classifications
significantly reported into Experiment I and II. Examination of Figs 3 and 5 shows that this is
due to the difference in endorsement rates between ¢ group and o group rules being most
pronounced on PC/PI syllogisms logic (potential fallacies), which are not sub-groups at first
two experiments.

Chen, et al. [44] used rule-based methodology for inference and knowledge graphs method
which helps all possible triplets to solve easily. Byrne [45] indicated that MM of the counterfac-
tual inference illusory alternate to truth. Moreover, a MM of the assumed factual truth. Use
two method tracking methodology to address such questions. The first approach involved ask-
ing students to identify any new inferences they had measured right after their replies, while
the second methodology involved creating a circle on a Euler diagram. although strategy
shows that students take other models into consideration. Research by Evans, J. S. B., (2019),
developed a default-interventionist model combining M and P. This is in line with the data
that generally supports intuitive thinking by default, however interventions are also possible.

Initially, one unexpected result was that problems supporting PC/PI inferences fell into two
types PC and PI. PC are often considered NC inferences, while PI are rarely considered NC
inferences, and sometimes not even considered PI inferences as IPI inferences. This fact was
first noticed in experiment I. It also appeared in experiment II, and experiment III, which we
planned to contrast two groups of inferences, which we refer to as PC and PI, confirmed it. Of
particular here mention in Fig 4 is that PC syllogisms have often recognized as NC, whereas
PC and PI syllogisms have rarely recognized as IPI. As we know that this experimental study
has lacking counter-example MMs will discuss later. Mostly students have given the responses
based on first MM they encountered. As we observed that fallacy is clearly separated into two
types, since few sets of premises constantly present a primary model that supports the infer-
ences (PC), while others constantly present a MM that denies the inferences (PI). It is obvious
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that these results could not be explained by our other hypotheses at a very broad level.
Although, the computer program execution of the MMT does generate MMs of explicit
sequences, in an effort to support our intuition account, we were able to recognize our two
sorts of syllogisms from the program’s output by looking at it.

Results of experiment IIT have been provided strong confirmation. All the premises studied
under the two PC/PI propositions of experiment III are carried out by the program. 29 of the
32 PC syllogisms had an initial MM supporting a given inference, while none of the 32 PI syllo-
gisms had an initial MM supporting a given inference. It observed rise, considering an exam-
ple of a PC syllogism whose false inference is agreed by a majority of the students:

Some ¢ not I

All 0 &g

So, some ¢ not &g

Preliminary premises MM are determined by the construct program,

& ~1

¢~

(O] &
(O] &

Here, ~ denoted negation, ¢, (7 and &s denoted M, P and Q and braces round 7 are the
later MM, indicates which is fully signified 7 with reverence to &s. As [J could not find in
MMs that cannot include &s. The MM supports the inferences presented, with 78% of students
in Experiment IIT (incorrectly) inferring this to be a PC inference in o group, and 89% of stu-
dents (correctly) inferring it to be a PC inference in ¢ group. however, as the software clearly
demonstrates, there are other MMs that refute the inferences’ underlying assumptions:

¢~Ow

¢~Ow

(O] &
(O] =

So, the inference is PC but not NC. the example of PI classical syllogistic logic has the subse-
quent way:

All ¢ not I

Some &g [7

So, all ¢ &sThe preliminary MM of premises &g is:

@] 0w

@]

&Y

The stated inference is not supported by this MM, but rather the inference "some¢ &g " (or
its inverse). Nevertheless, other MMs of the premises can potentially challenge this inference:

@] D=

e

@]

e

To understand that given inferences is at least PI, MLT following syllogism individuals
must construct another disjunction of the premises:

@] O wg

@] D ws

&
In the combination of premises and inference implies not¢ or 7 but@s. As hypothesized
for this interpretation, some students in experiment III incorrectly suggested that a certain
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inference was o group (PI = 19%), and only some suggested that it was uniformed ¢ group
(PI =42%). It’s very necessary to know that the finding of this PI syllogism in this experiment
is due to the practice involvement, in which students were enquired evaluating all PC/PI infer-
ence for all PC/PI pair of premises. In PT approach that guides individuals to a single NC
inference, the paired premises in multi-propositions will often link with the generation of few
alternative inferences, observed in the example above. A stimulating possibility for upcoming
research is to ask individuals to draw inferences that are PC rather than NC. Programs that
implement MMT work by creating distinct MMs of the two premises and linked them collec-
tively through symbols representing the medium. Consequently, further steps are essential
added more symbols to the MM (as we observed above to PC syllogism) or to divided sepa-
rately (for example [@] [T &s) into two separate entities: [¢] [J and [J&g (as we observed to
PI inference above). These steps result in a MM built after the preliminary MM. However, our
analysis is very encouraging for DPTs, we must be careful that alternative explanations for the
difference between PC and PI syllogisms can be offered.

In particular, Reifler, et al. [46] probabilistic heuristic model can account for differences
in "minimal heuristics". This postulates that the inference dawn from the syllogistic logical
premises that would link the least informative premise of the form, where the informative-
ness is in the following order: ¥ > 3 > ~V > ~3. 32 PC syllogisms were shown in Table 2. 30
of inferences matched with the less informative premises, while the remaining 2 were infer-
ences that were least enlightening than either of the premises. For all but one of the 32 PI
propositions, the inference was more informative than at least one of the premises. Both the
MM procedure and the minimal heuristic provided the difference between PC and PI, and
this equally robust explanation in both amazing and motivating. The minimal heuristic is
the portion of a completely non-deductive version of classical syllogistic logically reasoning.
This has the consequence of ensuring that the argument is not supported when its inference
is additional revealing than the premises. This ability holds not individually for all validity
propositions, but also for many fallacies. Thus, this theory describes for the fact that stu-
dents in the classical truth logic experiments endorsed the most valid multi-propositions,
but also endorsed many fallacies. Clearly, the modeling procedure is created on a very
diverse approach, with the influence of initial producing MMs whose preliminary infer-
ences match the minimal heuristics.

Previously, Grewe [47] discussed such coincidences in terms of "atmospheric effects"—pre-
dictions similar to the minimal heuristic. These philosophers also studied the instruction in
which the MMT procedure generated the model and observed that, as we do here, errors are
often caused by false inferences endorsed by the preliminary MM of the considered premises.
Let’s return to the second theory whether individuals judgment is correct, as the last stage of
MMT assumes. This question is theoretically important because Polk and Newell [35] place far
less emphasis on this stage in their theory of verbal reasoning than in the MMT. This is also an
aspect of MMT needed to explain deduction competency.

We noted above were the suggestions for such searches that is the limitation of this experi-
mental study highlighted previously. The fact that other features of our data and data from
other research in the literature indicate that at least alternative theories are being explored
does not mean we are denying its existence. First, every investigation in the literature, even
those carried out by detractors of MMT, indicates that single-model propositions are in fact
easier than multi-model propositions. This is a solid conclusion in normal classical syllogistic
logic [48]. This distinction may be seen in valid syllogisms where the conclusion is supported
by any MMT of the premises. Hence, there must be no modification if people make their deci-
sions just on the first MM.
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This experimental study defined few significant novel evidence for its assumptions. First,
Experiment II indicated that the consequence emerged when students were ruled to judge the o
group of the inference—correspondent to the valid inferences performed in traditional reason-
ing experimental studies of MLT [39]. Second, the effect was indeed reduced for those students
whom were ruled to judge the ¢ group propositions of the inference. This contact significantly
suggests that individuals appreciate that O group propositions require finding inferences in all
MMs, whereas propositions of ¢ group do not. However, this further assumes that people are
aware that multi-models of multi-propositions exist but are not sure they have the ability to
check all of them due to the constraint of working memory capacity (WMC) [40, 41].

MLT rules and classical truth logic classifications significantly reported into Experiment I
and II. Examination of Figs 2 and 3 shows that this is due to the difference in endorsement
rates between ¢ group and O group rules being most pronounced on PC/PI syllogisms logic
(potential fallacies), which are not sub-groups at first two experiments. Although the common
progress in accepting under the ¢ rule might be due to biases answers (e.g., caution effects),
the interaction suggests that at least some individuals search and find alternative MMs. How-
ever, an analysis of Experiment IIT shows that this modification is mainly because of rather sig-
nificant rise in the accepting rate of the PI syllogism under the ¢ rule. So, we clearly suggested
that individuals judge alternative MMs to justify the PC/PI of inferences not considered by the
first MM, but in this case, unclear suggestion are that individuals create counter-examples to
build the first MM as NC to support inferences.

The question is whether individuals judge multi-propositions of alternative models. How-
ever, we can search alternative models reported elsewhere, inferences depending on the meth-
ods used different methodologies. Chen, et al. [44] used rule-based methodology for inference
and knowledge graphs method which helps all possible triplets to solve easily. Byrne [45] indi-
cated that MM of the counter-factual inference illusory alternate to truth. Moreover, a MM of
the assumed factual truth. use two method tracking methodology to address such questions.
The first approach involved asking students to identify any new inferences they had measured
right after their replies, while the second methodology involved creating a circle on a Euler dia-
gram. although strategy shows that individuals take other models into consideration. Research
by Evans, J. S. B, (2019), developed a default-interventionist model combining M and P. This
is in line with the data that generally supports intuitive thinking by default, however interven-
tions are also possible. Zhu, et al. [49] presented the model of noise and probability theory
framework help individuals to judge systematic bias and improve accuracy through probability
estimation. Polk and Newell [35] claimed different premises interpretations construct external
MM drawn through inferences. Students inclined not to recode the premises of single-model
syllogisms (as opposed to verbal reasoning). However, they generated a range of MMs for
multi-model syllogisms. Either they are looking for counter-examples is less clear or not. How-
ever, another occurrence of classical syllogistic logical reasoning supports the examiner for
counter-examples. Dietz and Kakas [42] defined selection task contained cognitive reasoning
that is appropriately flexible to consistently capture the modifications among the selection of
individuals. Zheng, et al. [43] tested visual reasoning that achieved deep learning and improve
accuracy of inference. Image features improve human reasoning models and effective for prob-
lem solving. So, that this study used shaped instead of letters for improve the memory capacity
and intelligence of university students. As judge counter-examples predicted that students often
misrecognized inferences maintained by the preliminary MM of the premise, when in fact they
correctly answered that the premise had no inferences. This result suggested that they briefly
considered the wrong inference only to reject it because of the counter-example.

Moreover, the existence of a dozen theories of syllogistic reasoning is an embarrassment to
cognitive science [50]. Very few of them are computer simulations. Simulations of model theory

PLOS ONE | https://doi.org/10.1371/journal.pone.0299741  July 2, 2024 28/32


https://doi.org/10.1371/journal.pone.0299741

PLOS ONE

Classical truth logic in multi-propositions: Dual-process theories and deductive modal syllogisms

yield surprising predictions about human rationality, such as inferences from cognitive fallacies
[51]. We know that two factors seem to strongly influence whether such searches are performed.
The first one is belief bias effect (BBE), which can be better described as the cautious effect.
While this is often described as people’s tendency to support fallacy whom inferences are believ-
able, it can be extra truthfully defined as the partiality to suppress fallacy once their inferences
are not believable. Maximum questions practiced in this works were of what we call likely signif-
icant type, where fallacies are generally accepted when the inference is neutral and true. These
some studies that involved true believable/ unbelievable inferences testified that endorse true
inferences was at minimum high as well as believable inferences, and that trust bias was because
of inhibition endorsed unbelievable inferences [52-55]. This finding supports a MM explana-
tion of the fallacies effect [56]. Individuals motivated to find counter-examples to invalidate
when putative inferences have unbelievable. The effect of MLT rule is also consistent (NC) with
the idea that individuals need some stimulus to perform model search. Additionally, a strong
pedagogical accent on logical truth necessarily suggestive to compress fallacies, as well as the tes-
tified to support possible incompatibility but not necessary consistency inferences. Uncertainty
that usual way of rational is inductive than deductive, at that time deductive ability is most
clearly believable in situations where people are clearly motivated to try to reason.

Conclusion

In conclusion, this study helped us to understand of classical truth logic of multi-propositions.
We concluded that each individual has different working memory and intelligence, they judge
multi-propositions differently. We have described the DPTs that support syllogistic logic espe-
cially MMT in the context of BBE [57, 58]. We concluded that when conclusion unbelievable
people are motivated to find counterexamples to refute it. It is also consistent with this view
people may need some stimulation to get into MM search is the effect of the rules. Previously,
Evans, et al. [59] presented the strong rules emphasis on necessity logic greatly reduces BBE
and substantially suppressed the tendencies of possible conclusion. However, our finding
results endorse the possible as compare with necessary inferences.

The results supported that if the natural way of reasoning is inductive rather than deduction
(As stated by Evans and Over [60]) it makes sense then Deductive ability is most evident in
specific situations people are obviously motivated to work hard after deductions. Moreover,
Modal syllogistics have shown that students endorsed judgment possible rather than necessary
inference, and classical truth logic of alethic modalities with syllogism also support inferences
those are frequently endorsed multi-models’ inferences. This study has three research ques-
tions. First; Individuals will more likely to endorse inferences as PC/PI rather than NC. Sec-
ond, it’s easier to calculate that inference has PC/ PI if it has also NC. Generally, logicians
predict more endorsing PC for NC than for PI proposition. Last, it’s easier to calculate that
inference is not NC if it is also not PC. Generally, logicians predict more PI than IPI proposi-
tion endorses as NC. All the questions strongly accepted by the students. We also judged the
validity of inference. Shapes were used to enhance the working memory and intelligence of
students. We also suggested for future that different theories such as probabilistic heuristic
model, knowledge modulation heuristics, symmetry, asymmetry etc. can be used to overcome
fallacies of inferences when counter-examples were available and helped multi-models infer-
ences of premises. We also suggested that the believes could help to avoid fallacies.

This experimental study has several limitations that we can need to consider when inter-
preting the results. Firstly, Generalizability: we conducted experiment in controlled settings
with a specific sample of students during the epidemic condition in Pakistan, which may not
accurately represent the diversity of the larger students’ population of Pakistan. Therefore, it
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can be challenging to generalize the findings to broader students’ populations or real-world sit-
uations. Secondly, Artificial conditions: In order to control for variables and establish cause-
and-effect relationships, this experimental study often created artificial conditions that may
not fully reflect real-life situations. Students’ behavior in a computer lab setting may differ
from their behavior in natural settings, leading to potential discrepancies in the results.
Thirdly, Hawthorne effect: Students in experimental studies may alter their behavior or
responses simply because they are aware that they are being observed or are part of an experi-
ment. This can lead to an artificial inflation or suppression of certain behaviors or outcomes,
impacting the validity of the findings. Lastly, time and resource constraints: we suffered time-
consuming and resource-intensive as we face limitations in terms of available funding, sample
size, or access to necessary equipment, which may restrict the scope and scale of the study.
However, in future we can further gather data in large scale.
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