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Abstract

The importance of clearly formulating a problem statement consisting of a premise and
a question may be overlooked. A comprehensible formulation of the premise facilitates
the understanding by readers and respondents, whereas unclear formulations lead to higher
variance in the answers. In our survey, we ask participants to rate the comprehensibility
and clarity of four Extensional Reasoning premises. In the test condition, participants
work through a set of 29 Extensional Reasoning problems to familiarize themselves with
the material before being asked to rate the premises for comprehensibility. In the control
condition, participants conduct the rating with no prior exposure. Familiarization occurs on
the more comprehensible premises, whereas unclear premises are rated as incomprehensible
in both conditions. Incomprehensible premises can baffle interpretive processes shaping the
mental representation. The consequence of using difficult to comprehend premises is that
experimental results are unreliable and should be interpreted with care.

147 words in the abstract. Plus 2961 words including 2518 words for the main text, 190
words for References, 135 for Table 1, 106 words for Table 2, 22 words counted for the acknowledgement.
Total 3118 words plus 72 for cover page, 3190 words all in.

Word-count for Psychologica-Belgica: 2518 text +147 abstract+ 190 references+4 Legend+3
Legend= 2862 words for main text plus abstract, references, legends of two tables. 2884
including the acknowledgement, plus 72 words for cover page makes 2934. Total 2956 words
incl. cover page and acknowledgement (22).
Psychologica-Belgica requires fewer than 3000 words for an empirical note or more than 5000
words per research article (word counts are inclusive of abstract, notes, references, and table
and figure legends).
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How do naı̈ve people contend successfully with extensional reasoning premises? Using
questionnaires to query people’s reasoning skills is a common practice in experimental psychology.
A problem listed in such a questionnaire includes a premise statement describing a situation,
followed by a question related to it. How people understand a premise shapes the subsequent
reasoning to solve the problem. A typical premise statement used in Extensional Reasoning
experiments mentions several objects (two or three) in one sentence: there is a box in which
there is a white ball and either a blue ball or else a green ball, but not all three, see Johnson-
Laird, Legrenzi, Girotto, Legrenzi, and Caverni (1999, p.74 & 87). The process of reading and
understanding the premise includes an interpretive component to build a mental model: “it is
the role of the interpretive processes to build or construct this model” (Thompson, 2000, p.229).
This model becomes the input to inferential processes.

Interpretive processes extract meaning from the premise, retain the objects mentioned and
add the relationship between the objects. The propositional connective determines the relationship
between objects. Examples of propositional connectives are the conjunction, disjunction and
conditional. Once the relevant information is selected, a cohesive mental representation of
the information is assembled: the type of interpretation determines whether one or several
combinations of objects compatible with the premise are retained. This list of possible combinations
forms the initial mental representation which is the basis for further reasoning processes like
computing proportions. As observed in reasoning with conditionals, the interpretive stage
and the initial mental representation determine most of the variance in performance: “both
variability and consistency in performance arise from the action of the interpretive component,
which completely determines the number and nature of the inferential procedures that are
recruited” (Thompson, 2000, p.212).

The solution of simple probability problems is also driven by the type of interpretation of
premises (Chevalley & Schaeken, 2014); other drivers include the complexity of the task gauged
by the number of mental models, the number of connectives, and individual differences in
reasoning skills. One prerequisite to a successful interpretation is a correct understanding of the
premise. A more comprehensible premise makes it easier to select the relevant information. Our
aim is to estimate the degree of comprehensibility of four premises. We investigate following
factors affecting comprehensibility: the number of mental models (both initial and fully explicit),
the degree of familiarity with the premise, the type of connectives and premise, and gender. The
consequences of low comprehensibility for reasoning with these premises are more variance
in the responses due to guessing, erroneous interpretations and misunderstandings, and wrong
answers, leading to a diminished validity of results. We shall assert the clarity and comprehensibility
of premises by conducting a rating survey.

How To Estimate a Probability Using Extensional Reasoning
How people handle probabilities is important for decision making and risk management. Extensional
Reasoning entails applying the extension rule which states that if the extension (the set of
possibilities) of A includes the extension of B (i.e. A ⊃ B), then the probability p(A) >= p(B)

(Tversky & Kahneman, 1983, p.294). The set of possibilities (extension) of a conjunction
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(A∩B) is included in the set of possibilities of one of its constituents, e.g. (A). We investigate
Extensional Reasoning in the framework of the Mental Model Theory. The Mental Model
Theory of Extensional Reasoning (Johnson-Laird et al., 1999) postulates that reasoners infer
probabilities of events in an extensional way: the extension of event A is represented by the
number of mental models that include event A. The probability of an event A can be estimated
by computing the proportion of mental models in which event A is included to the total number
of mental models. According to the Mental Model Theory, only combinations of objects that
are logically True are kept in mind, while negative propositions are dropped. This parsimonious
build-up of mental models follows the principles of Truth, Equiprobability and Proportionality
enunciated by Johnson-Laird et al. (1999, p.68). An interpretive process that omits one or more
possible models leads to an incomplete mental representation, enticing respondents to make
erroneous estimations of probabilities (Johnson-Laird et al., 1999).
An Extensional Reasoning experiment requires the formulation of both simple and complex
premises with nested propositional connectives because it allows for comparison of up to four
different interpretations (logical, conjunctive, mental model theoretical, biconditional). The
more complex formulations can be perceived as unclear and confuse respondents. This issue
of the clarity of premises came to the attention of a reviewer of the original article by Johnson-
Laird et al. (1999, p.74). The reviewer wrote “It is difficult for me to believe that a random
sample of Chicagoans, for example, would have responded to such an ill-defined question with
much more than a blank stare”. We meet the demands of this query by posing three research
questions: first, what is the extent of incomprehensibility; second, which factors control the
comprehensibility of a reasoning problem; third, can participants become conversant with such
premises?

Rating Experiment

Method

To check on respondents’ familiarization with the premises, we use two test conditions:
(control) before any exposure to Extensional Reasoning questions

(test) after working through a 29 item Extensional Reasoning questionnaire.
Participants: The 142 first year students from the University of Leuven are 17 to 23 years
old (mean = 18.2 years, SD = 0.66). 84.5% of all participants are female. There are 100
participants in the (control) before condition, and 42 in the (test) after condition. Students from
the Faculty of Psychology and Educational Sciences who participated earned course credits.
Materials, Task and Experimental Design: The four premises are listed in Table 1. The first
three premises a)If A then (B xor C), b)A xor (B and C), c)(A xor B) and C are formulated in
an abstract manner to test the structural clarity of the proposition. The fourth premise d)X xor
Y xor Z has additional content, so that respondents may consider whether its syntactic structure
is comprehensible and whether the content makes any sense. We use a between-subjects design
and present the instructions and four questions on one sheet of paper. Questions are presented
in Dutch to Dutch native speakers.
Measurements: For each premise, we tally the number of ratings per premise and compare

3



ratings across the two conditions before an exposure and after working with similar extensional
reasoning material.
Procedure: Participants mark their rating answer on a five point scale on paper. The order of
presentation of the premises is fixed.
Task instructions: “We want your opinion: which statement do you find comprehensible?”
Please indicate the clarity of following statements on the scale ( from 1 [not comprehensible
and not clear] to 5 [comprehensible and clear] )
Premise: “If there is a red flower in the box, then either a pink flower or a yellow flower is in
box, but not all three.”

(Table 1 about here)

Table 1
The Four Rated Premises

Order, Structure & Premise
a) If A then (B xor C) If there is a red flower in the box, then either a pink flower or

a yellow flower is in box, but not all three.
b) A xor (B and C) There is a box in which there is at least a blue cup, or else

there is both a brown cup and a pink cup, but not all three.
c) (A xor B) and C In the box, there is a blue ball or else there is a green ball,

and there is pink ball, but not all three.
d) X xor Y xor Z Tomorrow, Justine Hennin wins the tennis tournament, or

else it rains in Leuven, or else, there is an earthquake in San
Francisco.

The answer template consists of a unipolar graphic scale with five slots numbered from
1 to 5, from left to right. A label not comprehensible is placed just below the left-most slot of
the scale, marked with 1. A label comprehensible is placed just below the right-most slot of the
scale with mark 5. We use a unipolar scale from 1 to5 because we are interested in the presence
or absence of clarity. We refer to ratings of “1–2” as unclear and “4–5” as clear. “Scales that
are intended to assess the intensity of a single attribute should follow a zero-to-positive-values
format (Schwarz, Knauper, Hippler, Noelle-Neumann, & Clark, 1991, p.578). The rating is
requested based on material presented concurrently.

Results

Most participants do not consider the four premises equally comprehensible: Premise a)If A
then (B xor C) is rated 34 times as one of the least comprehensible statements, whereas premise
d)X xor Y xor Z is selected 65 times as least comprehensible. Premise a)If A then (B xor C) is
rated 46 times as one of the most comprehensible statements, whereas premise d)X xor Y xor
Z is selected only 23 times as most comprehensible. In the case of premise a)If A then (B xor
C), the different appreciations of comprehensibility may be linked to the observation that the
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interpretation of conditional statements is not uniform (Byrne & Johnson-Laird, 2009, 282).

Clarity Rating - Magnitude: For the abstract premises a), b), c), we observe 18% to 48%
unclear ratings in the control condition, and 11.9% to 23.8% unclear in the test group who had
prior exposure to this type of premise. Estimating the lowest threshold for incomprehensibility
with 95% confidence gives us 12.0% for premise c)(A xor B) and C in the control condition
and 4.8% for premise a)If A then (B xor C) in the test condition. On premise a)If A then (B
xor C) we observe 33% of ratings as unclear and 45% of clear ratings in the control condition.
Using the binomial distribution to compute confidence intervals while taking into consideration
the different number of observations per condition, we are 95% confident that at least 25.2% of
people would rate premise a)If A then (B xor C) unclear, that at least 37.4% of people find this
clear and that more than half the people (58.5%) would not find this premise unclear. Premise
d) combines structural with content difficulties and gets 57% to 61% unclear ratings (detailed
results in Table 2 in the Appendix).

Effect of Familiarity: Comparing the mean rating over all premises of the test after against
the control before condition, we obtain a significant difference indicating that comprehensibility
was rated higher in the test group with more familiarity: t(df = 316.4) = 4.276, p = 1.26 ∗
10−5, d = 0.39, power = 0.995. On the two premises a)If A then (B xor C) and b)A xor (B and
C) there is clearly an improvement from the low to high familiarity condition. With premise a),
we also find a significant (p < 0.071) difference between the test and control condition using
the binomial distribution, a difference which likely reflects an effect in the general population.
This is indicative of our participants’ ability to get used to and to handle this type of extensional
reasoning questions. However, on the premises c)(A xor B) and C and d)X xor Y xor Z, no
significant improvement is apparent: with c)(A xor B) and C, one in five participants finds it
unclear. With the contextualised d)X xor Y xor Z premise, more than half of the participants
find it unclear, regardless of the degree of familiarization.

Tukey’s pairwise comparison method applied to the mean of the clarity ratings for all
premises combined confirms the significant difference (at 95% level) by familiarity between
the before and after condition: this difference in mean rating for a)If A Then (B xor C), b)A xor
(B and C) indicates that familiarity with the premises produces higher ratings of clarity. There
is no such effect for c.(A xor B) and C and d.A xor B xor C. Tukey’s pairwise comparison
procedure is described by Kramer (1956). Based on Tukey’s 1953 report (as cited in Hayter,
1984), Hayter (1984, p.61) shows that the Tukey pairwise comparison procedure applied to
sample means is conservative in the case of unequal sample sizes.
Using the binomial distribution to compute confidence intervals for the difference in fraction of
unclear ratings by degree of familiarity, we find a significance level of 92.9% for a)If A then (B
xor C), and a significance level of 93.4% for b)A xor (B and C). There is no significant difference
for the c)(A xor B) and C and d)A xor B xor C premises. The estimate of the confidence interval
by the binomial distribution at the 93% level for the fraction of unclear ratings is conservative.
Once familiar with the experimental material, respondents perceive the clarity of the premises
to be higher.
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Correlation Analysis: Perceived clarity correlates with the degree of familiarization (before–
after) of respondents with this type of premise (r= 0.176), indicating that higher familiarization
leads to higher ratings of clarity. Perceived Clarity correlates negatively with the number of
initial mental models needed for the premise: the more initial models the premise requires, the
lower the clarity rating. Perceived Clarity does not correlates with the total number of fully
explicit models required for a logical representation of the premise. The type of connective
represented by the type of premise does not significantly correlate with perceived clarity (r=0.037).
Gender of the respondent does not significantly correlate with perceived clarity (r=0.046). We
conclude that the number of initial mental models matter as well as the degree of familiarization
with extensional reasoning premises.

Discussion

Not all premises are comprehensible to the same degree: some sentences are more clear than
others. The rating serves to flag the difficult to understand premises c)(A xor B) and C and
d)X xor Y xor Z. For the three abstract premises a)If A then (B xor C), b)A xor (B and C),
c)(A xor B) and C, readers mainly face an issue of structural clarity driven by the combination
of propositional connectives. With premise d)X xor Y xor Z, the connective relation of two
exclusive disjunctions xor, even though it is logically correct, does not resolve the confusion
of a reader trying to make sense of the content of premise. The interpretive process cannot
reconcile the information that would be relevant to the mental representation. The smaller
the number of initial mental models needed to represent the premise, the higher the perceived
clarity, as expected by the mental model theory. The number of explicit mental models is not a
factor because fleshing out all models comes after the initial interpretive process.
Familiarization with the premises is possible and does occur to some extent. This rating is about
getting acquainted with the premises and question formulations, not about learning. A question
contextualised with confusing content remains unclear, regardless of the degree of familiarity.
A low perceived clarity of the premise corresponds to more variation in the answers given to
Extensional Reasoning problems (Chevalley & Schaeken, 2014, p.23).

Conclusion

Does the use of premises with nested propositional connectives in combination with a probabilistic
Extensional Reasoning question provide any valid results? Based on our survey that samples
the same population as the participants in Extensional Reasoning experiments, we can estimate
a limit for the incomprehensibility of the premise and observe that learning is feasible. A
minimum degree of incomprehensibility appears to be in the range 6.4% to 12.0%, with upper
limits of 37.0% to 56.7% for abstract premises. The effect of familiarity with the abstract
structure is significant for two out of three premises, hence participants can gain confidence in
understanding these premises correctly.
The implications of this rating survey may have important consequences for researchers conducting
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Extensional Reasoning experiments. The findings of our survey enjoin researchers to be very
careful in interpreting results and deriving conclusions from Extensional Reasoning experiments.
A lack of comprehensibility of a premise can lead to more variation in the observed responses
to simple probability problems. The analysis of an experiment that uses material which appears
unclear needs to take this into consideration.
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Appendix: Detailed Results

(Table 2 about here)

Table 2
Detailed Rating Counts

Rating
Premise Familiarity N 1 2 3 4 5

a) Control Before n=100 18 15 22 24 21
If A then (B xor C) Test After n=42 1 4 4 9 24

b) Control Before n=100 20 28 18 24 10
A xor (B and C) Test After n=42 1 9 6 15 11

c) Control Before n=100 5 13 19 34 29
(A xor B) and C Test After n=42 0 10 9 10 13

d) Control Before n=100 34 27 19 11 9
X xor Y xor Z Test After n=42 12 12 7 1 10
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