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Abstract

This paper demonstrates a formalism of efficient causation.
Efficient causation is one of the four types of basic causations
coined by Aristotle. The efficient causation is not only a nec-
essary step to complete reasoning tasks, its property also
demonstrates invariant position in various reasoning tasks.
We analyze several typical cases involved in structural effi-
cient causation. Meanwhile, our analysis shows the invariant
property of the efficient causation benefits causal inference
and complex causal reasoning in a structural manner.

1. Introduction

Causal reasoning constitutes the essential natural of logical
reasoning. The faculty of knowledge discovery plays a cru-
cial role in reasoning, but it is not always sufficiently
demonstrated in most formalisms. Judea Pearl (2011b) in-
troduces several cases for function construction by exoge-
nous causation, which is similar to efficient causation. We
analyze several typical complex reasoning by structural
causal analysis to show how knowledge discovery partici-
pated in complete reasoning via efficient causation, which
provides invariant reasoning interface.

2. A simple syllogistic reasoning

We say “A is B” and “B is C”, then we conclude “A is C”.
Then the essential nature of syllogism is the formal cause
(~>) of this demonstration, the formal cause introduces term
(1) and (2), like:
syllogism ~> (DA is B
(2B is C
The conclusion is:

(3) therefore, A isC

Obviously, the middle term is B. The substitution demon-
stration and transform is: 1) “B” — (2)“B”

Copyright © 2025 by the authors.
This open access article is published under the Creative Commons Attrib-
ution-NonCommercial 4.0 International License.

It is a self-evident demonstration, because the middle-term
transform “(1) B — (2) B” is self-contained (a material cau-
sation). All knowledge required are already exist in (1) and
(2). Meanwhile, the (1) and (2) are introduced by a common
formal cause.

However, this simple syllogism is not a scientific syllogism,
also it does not involve knowledge discovery. This simple
syllogism only needs relationship discovery and states dis-
covery from self-contained knowledge, this process usually
can be done by proof search. Comparatively, a scientific syl-
logism must contain something indemonstrable (Halper
2018, 2021), which is grasped by knowledge discovery.

3. A scientific syllogism

A scientific syllogism involves noetic knowledge and needs
knowledge discovery, as it is not self-sufficient. At first, we
may designate a formal cause (syllogism ~>) for this syllo-
gism, which initially only contains two terms (premises): (5)
and (6).

syllogism ~> (5) all men are mortal
(6) Socrates is a man

(7) Therefore, Socrates is mortal

To conclude term (7), there must exist an (extra) intellectual
transform, which is a progression from universal to particu-
lar:

“all men” (5) ------ > “aman” (8)
“all men are mortal” (§) ----- > “aman is mortal” (9)

Either (8) and (9) transformation is practically able to com-
plete the whole syllogism, but the (9) is more rational.



The term (5) exhibits an extensional semantics in this “syl-
logism”. The term (5) also exhibits an intensional semantics
in a unity caused by nature. So, there must exist a unity of
“all men” that consists of “man”. It is formally caused by
the essential nature (nature ~>) of this unity, as below:
Nature ~>  all men — ( man, man, man, ... )

Then, the “(5) to (9)” transform must be done within the “all
men” unity. The following diagram elaborates:

Nature

Syllogism ~>

~

(6) Socrates is a man

man man man

(7)Therefore, Socreates is mortal
Figure 1: knowledge discovery in a syllogism

There are two independent formal causes, a syllogism and a
nature. From term (5) to term (9), it is an efficient cause,
illustrated as dash line arrow. Term (9) is an efficient prem-
ise. Then, syllogistic conclusion (7) is a direct result pro-
duced by term (6) with term (9), rather than term (6) and
term (5). The middle term between (6) and (9) is “a man”.
By contrary, there is no direct middle term between term (5)
and term (6).

4. Counterfactual case

The counterfactual case is a causal reasoning on possible
knowledge. Judea Pearl evaluates the counterfactual case by
the diagram of generic belief state, and suggests this case
needs to be algorithmitized to be sufficient (Pearl 2011a). In
our research, it is analyzed by efficient cause, we show it is
sufficient to formalize it as efficient causal invariant.

This counterfactual case example is borrowed from (Pearl
2011a). Readers could compare the two approaches for the
same case, if interested. There are three sub-propositions. It
starts from a formal cause (case ~>) to introduce three sub-
propositions (11), (12) and (13):

case ~>
(11) Kennedy is dead
(12) If Oswald killed Kennedy, Oswald is murderer
(13) If Oswald didn’t kill Kennedy, someone else did

There are two exclusive possibilities: if (13) is true then (12)
is false, otherwise, if (13) is false then (12) is true. The two
different possible paths must co-exist to exhibit its reasoning
position in a sufficient way. These positions are invariant
causal interfaces to accommodate these potentialities. Judea

Pearl’s belief state diagram (Pearl 2011a) does not tran-
scribe these potentialities, but transcribe an actuality instead
of potentialities. In other words, the belief state diagram
does not transcribe causal positions, but transcribe actual
states and state change. To be sufficient, its causal position
must be transcribed. To better illustrate this case, we split
the given propositions to smaller sub-propositions, (11),
(12a/b), (12a/b):

case ~>
(11) Kennedy is dead
(12a) If Oswald killed Kennedy, (12b) Oswald is murderer
(13a) If Oswald didn’t kill Kennedy, (13b) someone else did

This counterfactual case is illustrated in figure 2, below:
(12a)/(13a)

(121)) (;3b)

(11)
Figure 2: counterfactual case as efficient causation

We can see, (12a)/(13a) essentially are same proposition.
However, (13a) is derived from negation, (12a) is derived
from affirmation. It starts from (12a)/(13a), then derives two
possible paths to either (12b) or (13b). The (upper) two de-
rived paths are represented in efficient cause (dash line ar-
row), for its uncertainty. Next, either (12b) or (13b) could
reach the conclusion (11) in a nondeterministic way. So, the
lower two paths also are efficient cause, which depends on
the upper two paths. It is observable that all possible
knowledge are contained by efficient causes.

(Pearl 2009, page 239) suggests “structural counterfactuals
are not based on an abstract notion of similarity among hy-
pothetical worlds; instead, they rest directly on the mecha-
nisms that govern those worlds and on the invariant proper-
ties of these mechanisms”. The benefit of efficient cause is
its invariant positions, which provides sufficient logical po-
sition to accommodate possible knowledge.

5. Conclusion

In this paper, we provide a concise analysis regarding effi-
cient causation on reasoning, knowledge discovery and
counterfactuals. Efficient causation is formalized as invari-
ant causal interface. It differs from material causation, that
always shows immediate progression of reasoning. By con-
trary, the efficient causation demonstrates an invariant posi-
tion to accommodate knowledge discovery and possibilities.
It benefits the process of reasoning integration through effi-
cient causation for complex reasoning and inferences.
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