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Abstract
This report documents the design and evaluation of Syllogism Studio, a web appli-
cation catered to informatics students studying syllogisms. The application focuses
on visualising syllogisms through Venn diagram representations and supports students
in using these representations as reasoning tools. The application is then utilised to
conduct a study investigating how Venn diagram representations of syllogisms affect
syllogistic reasoning.
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Chapter 1

Introduction

This report covers the design, creation, and evaluation of a web application to support
learning in Informatics 1A - Introduction to Computation. The course is aimed at first-
year informatics students, serving as an introduction to programming, computation,
and logic.

The computation and logic strand of the course, which is the focus of this project, cov-
ers five main topics: syllogisms, inference and reduction, karnaugh maps, satisfiability,
and finite state machines.

For the first time this year, students were assessed with a test on each topic during
the semester. From a research standpoint, this was most convenient, as it provided a
breakdown of marks by topic.

The semester’s test results highlighted the first topic covered, syllogisms, as the area
where students were most likely to under-perform. The reasons for lower marks on
this topic are unclear. It could be due to this test being the first university-level as-
sessment for many, teething problems with the new assessment method, or simply that
syllogisms are a particularly tricky topic. Regardless, there is a strong case for supple-
mentary material to better support students learning syllogisms as part of Inf1A.

Before jumping right into the proposed solution to the problem, the next chapters sum-
marise the ideas that informed this project. Chapter 2 provides a broad overview of
syllogisms, non-logical factors that lead to errors in syllogistic reasoning, and how
these ideas link to the Inf1A course content. Chapter 3 discusses a selection of pre-
existing tools for learning syllogisms, that are evaluated in relation to the needs of
Inf1A students.

The next few chapters move on to the more practical component of the project. Chapter
4 concerns the design and implementation of Syllogism Studio, a tool to assist students
in learning syllogisms. Chapters 5 and 6 discuss user studies conducted to evaluate the
tool.

Chapter 7 reflects on the project and discusses what further work can be done.
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Chapter 2

From Aristotle to Inf1A

This chapter lays the groundwork for the project, by summarising the background
research conducted. The ideas discussed in this chapter will later be used to evaluate
current tools for learning syllogisms, and inform the design of my own.

2.1 An introduction to syllogisms

A syllogism is a form of deductive reasoning first described by Aristotle around 350
BCE in his work Prior Analytics. For those interested in discovering syllogism through
Aristotle’s own words, the English translation of the text [9] provides a thorough ex-
planation of syllogisms. For those wanting an introduction to the key points, consider
the following:

If I work hard on this project, I will create a helpful tool for learning
syllogisms. If I create a helpful tool for learning syllogisms, the project
will be a success. Therefore, if I work hard on this project, the project will
be a success.

The above inference is an example of how a student might motivate themselves to work
on their Honours project. It is also an example of a syllogism.

As is typical for a syllogism, the above example consists of two premises, namely “If
I work hard on this project, I will create a helpful tool for learning syllogisms” and “If
I create a helpful tool for learning syllogisms, the project will be a success”. From the
premises of the argument, a conclusion is inferred, in this case, “if I work hard on this
project, the project will be a success”. The above syllogism is considered sound, as
the conclusion follows logically from the premise. That is, in any universe where the
premises are valid, the conclusion is also valid.

The two premises of this syllogism describe the relationship between the terms “work-
ing hard on a project”, “creation of a helpful tool” and “a successful project”. However,
syllogisms are not confined to discussing Honours projects. Any terms can be substi-
tuted without affecting the soundness of the argument. For example, one could argue:
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Chapter 2. From Aristotle to Inf1A 3

All doctors are tall
All aliens are doctors
Therefore, all aliens are tall

In the natural universe, the argument is absurd. It seems incredibly unlikely that there
are aliens that are doctors, and that there does not exist a doctor that is not tall. How-
ever, in a universe where the premises are valid, it would indeed be the case that all
aliens are tall, rendering the syllogism sound. Note that the soundness of a syllogism
is defined by the validity of the conclusion when the premises are valid. As explained
by Copi and Cohen [14] a conclusion that does not follow logically from the premises
makes for an unsound argument, regardless of its validity in the natural universe. The
previous example demonstrates the inverse of this statement. That is, a conclusion that
would be invalid in the natural universe, but follows logically from the premises makes
a sound argument.

As the exact terms described by a syllogism do not affect its soundness, it is often
simpler to represent syllogisms in their standard form, where the terms are replaced
by the letters S, M, and P. Here, S represents the subject, or the first term, of the
conclusion. P represents the predicate of the conclusion, which is the second term that
makes an assertion about the subject, S. Finally, we have M, the middle term that links
S and P together, by acting as a subject or predicate in each premise.

With standardised terms, the two premises can be distinguished. The premise that
contains both M and P is called the major premise, then the premise linking M and S
the minor premise.

In the example, both premises and the conclusion are of the form “all A are B”, which is
described as universal affirmative. However, a statement can be universal or particular,
affirmative or negative, giving rise to 4 possibilities, abbreviated as A, I, E, and O: 1

Universal affirmative: All A are B, abbreviated as A
Particular affirmative: Some A are B, abbreviated as I
Universal negative: No A are B, abbreviated as E
Particular negative: Some A are not B, abbreviated as O

The quality (affirmative/negative) and quantity (universal/particular) of the statements
are described as the mood [13]. With 3 statements per syllogism and 4 combinations
of their quality and quantity, there are a total of (43) 64 possible moods for a syllogism.

Then consider that the order of the terms within the two premises can differ, giving
rise to a syllogism’s figure, which is dependent on the middle term’s placement within
the premises. The middle term M can be the subject or the predicate of each premise,
resulting in (22) 4 figures, summarised in table 2.1.

64 possible moods, and 4 possible figures, results in a total of (4×64) 256 syllogisms.2

1A and I are derived from the Latin “affirmo” meaning to affirm, and E and O from “Nego”, meaning
to deny [14].

2It’s been argued that there are 512 syllogisms, as the minor premise could come before, or after the
major premise [22]. However, for this project syllogisms are only presented in their standard form, with
the major premise proceeding the minor premise, creating a problem space of 256 syllogisms.
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M−P P−M M−P P−M
S−M S−M M−S M−S

First Figure Second Figure Third Figure Fourth Figure

Table 2.1: Syllogistic Figures

Of these 256 syllogisms, only 24 are considered sound, with a conclusion that follows
from the premises. For the 232 unsound syllogisms, the conclusion does not follow
from the premise. An example of such a syllogism is:

No mothers are fathers
No fathers are athletes
Therefore, no mothers are athletes

In the above argument, the conclusion cannot be inferred from the premises. In a
universe where the premises are valid, it could be the case that no mothers are athletes,
however, it could also be the case that some, or all mothers are athletes. When the
premises do not provide enough information to accept the conclusion with certainty,
the syllogism is unsound.

The 24 sound syllogisms are further categorised as conditionally, or unconditionally,
sound. For unconditionally sound syllogisms, the conclusion is always valid in a uni-
verse where both premises are valid. Conditionally sound syllogisms only hold when
a specific term exists, by having at least one instance.

Going back to a previous example:

All doctors are tall
All aliens are doctors
Therefore, all aliens are tall

The conclusion “all aliens are tall” is equivalent to “no aliens are not tall” which should
be valid regardless of whether there are any aliens in the universe. However, if there
are indeed aliens, (that is, “aliens” has at least one instance) it would also be the case
that “some aliens are tall”, giving rise to another sound syllogism. The existence of
aliens, or the S term, is the condition that needs to be met for the following syllogism
to be sound:

All doctors are tall
All aliens are doctors
Therefore, some aliens are tall

A table of conditionally and unconditionally sound syllogisms is provided in Appendix
A.
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2.2 Errors in Syllogistic Reasoning

With only 24 of the 256 syllogisms having a conclusion that follows from the premises,
how can the few sound syllogisms be distinguished?

One option is to memorise all 24 sound syllogisms. However, if the purpose of study-
ing syllogisms is to improve one’s reasoning skills, this defeats the object of the prac-
tice. A person may be able to identify a sound standard syllogism, but the method fails
when extending to multi-premise, conditional or disjunctive syllogisms.

A better option would be to take one sound syllogism from each figure to act as an
axiom. The remaining sound syllogisms can then be derived by contraposition and
substitution.

Again, is this necessary? As explained in Bradley’s Logic [27], if we need axioms to
reason, how did we reason before axioms?

Although axioms can be a helpful tool, they are not essential to reasoning. People of all
ages, children included, have an ability to reason with syllogisms without any training
[10]. This is unsurprising, as reasoning is something we practice daily, often without
realising [16]. However, the ability to reason is not the ability to reason without error,
and there are many opportunities to make errors with syllogisms.

Atmosphere

Recall from the previous section the concept of the mood of a syllogism, and the abbre-
viations A, I, E, and O for the form of each statement. The atmosphere effect describes
the tendency to accept a conclusion whose form matches the form of the premises [34].
Where the form of the two premises is the same, they create a bias towards a conclu-
sion of the same form. Where the form of the premises differs, a negative premise has
the strongest effect, followed by that of a particular premise.

For example, take the following premise pair, from which no valid conclusion can be
drawn:

All M are P
Some S are not M

Under the atmosphere effect, a reasoner is biased to conclude that “Some S are not P”,
due to the atmosphere created by the negative particular premise, even though it is not
a valid conclusion.

A re-examination of the supporting data published by Woodworth and Sells [34] re-
vealed that not all participants were subject to the atmosphere effect [33]. Participants
that appeared to use logic to determine the validity of a conclusion were not biased
by the atmosphere effect, regardless of the accuracy of their logic. However, the re-
maining participants are believed to use the atmosphere of the premise to decide on the
validity of a conclusion, suggesting that atmosphere is used to inform guessing.
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Belief Bias

Another non-logical factor that influences reasoning is personal belief [26], as people
are more likely to accept a conclusion if it aligns with their worldview. This effect
is seen the most when faced with an invalid conclusion [17], suggesting it acts as a
method of determining validity where the participant has failed to derive the conclusion
through logical reasoning.

Belief biases highlight how the terms of a syllogism affect its perceived soundness. For
example, take the two conclusions “Some women are not people” and “Some people
are not women”, both of the form “Some A are not B”. A belief bias would make it
more likely for the first example to be deemed invalid, as it goes against a subject’s
understanding of the world. Similarly, “Some people are not women” would be more
likely to be accepted under the belief bias, as it is observed, and therefore believed, to
be valid. As explained by Woodworth [35], being certain of the truth or falsity of a
conclusion distorts the ability to reason impartially.

Emotion

Beliefs that invoke emotion further distort the ability to reason. A study conducted in
1941 [23] provided evidence towards emotion’s effect by presenting syllogisms with
conclusions that were highly controversial and emotionally charged, especially given
the political climate at the time.

As expected, there was a normal distribution for the accuracy of validity judgements
on unemotional syllogisms. However, for the syllogisms covering topics such as war,
communism, and antisemitism, there was a J-shaped distribution, with a large number
of participants making few correct judgements. The study illustrates how emotion can
conflict with reasoning, which makes it difficult to reason objectively with content that
is emotionally charged [16].

Language Ambiguity

Consider the statement “All athletes are on the running track”. Does this imply that
there are athletes on the running track? In everyday speech, it would be reasonable to
assume that there are some athletes, all of which are on the running track. However,
logically, this does not follow. Take the case where there are no athletes. The statement
that all athletes are on the running track, or its equivalent “no athletes are not on the
running track” is valid, but the earlier assumption that there are some athletes on the
track is not.

Next, take the statement “some of the girls went to the shop”. Where are the rest of the
girls? Naturally, we’d assume that some of the girls did not go to the shop. However,
this conclusion does not follow logically. It could be the case that all of the girls went
to the shop. In logic, “some” keeps to its definition of an unknown quantity of at least
one. In other words, some means “some, and possibly all” rather than “some, but not
all”.

The difference in how quantifiers are used in everyday speech versus in logic can be
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a source of confusion. In natural language, “all” and “some” have additional implied
meaning in many contexts, and this learned implication can be unwittingly carried on
into logic, leading to the construction of invalid conclusions.

These four non-logical sources of error are born from the language used to express
syllogisms, which fails to express the true relationship between terms [35]. Language
ambiguity’s link to language needs no explanation. With emotion and belief bias, the
terms used in the syllogisms, and their associations derail one’s ability to reason.

Explaining the atmosphere effect as a natural language problem is not as simple, as this
effect is observed in reasoners without prior training in logic. It’s likely that removing
natural language to express syllogisms in symbolic notation would reduce the atmo-
sphere effect, but not necessarily because the effect comes from natural language itself.
Rather, to understand a different notation, there is a need for some understanding and
training in logic. Participants with this training are more likely to be able to reason
logically to reach a conclusion, rather than form a guess influenced by atmosphere.

Despite the uncertainty regarding whether the atmosphere effect is an artifact of natural
language or not, the remainder of this project builds on the hypothesis that the atmo-
sphere effect could be reduced, at least in part, by removing natural language. Chapter
5 discusses an attempt to prove, or disprove this hypothesis.

2.3 Notation and graphical representations

While it is possible to explore syllogisms in natural language, this method has been
shown to be error-prone [21] [31] as the factors outlined in the previous section come
into play, influencing one’s ability to reason. One solution to the natural language
problem is to use symbolic notation, mapping terms to letters, and using the double
turnstile symbol to represent relationships between the terms, as seen below.

A � B A 2 ¬B A � ¬B A 2 B
All A are B Some A are B No A are B Some A are not B

Table 2.2: Premises in Sequent Form

For those familiar with sequent form, this removes ambiguity in meaning. Another
benefit is that terms are mapped to letters, so reasoners can’t be biased by the terms
used.

However, this notation can make syllogisms less accessible, as a reasoner must learn
the language of logic before reasoning with it. For those unfamiliar with the notation,
more effort could be focused on interpreting the language than on reasoning itself.
Because of this, there can be a temptation to simply translate the notation into natural
language, reason verbally, then translate back into sequent form. This not only defies
the purpose of using the notation in the first place, but opens new pathways for errors
in the translation.

While using symbolic notation has benefits, including a level of abstraction from the
subject, and the conciseness of the notation, its use could do more harm than good
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for those new to logic. This is especially true for Inf1A students, whose focus is on
developing a logical way of thinking, rather than learning the formalities of logic.

A solution to this problem is to use visual representations, which can support reasoning
whilst being more accessible [12]. Venn diagrams, for example, are widely used out-
side logic, so a student learning to express syllogisms with Venn diagrams can adapt
their existing knowledge, rather than learn a new notation.

In a Venn diagram representation, the predicates of a proposition are represented by
overlapping circles, and the relationships between them expressed through denoting
inhabited and uninhabited regions, as follows:

Figure 2.1: Venn diagram representation of propositions. An uninhabited region is
shown in grey, and an inhabited region in green. White regions may, or may not, be
inhabited.

These individual diagrams can then be combined into a triple Venn diagram to repre-
sent a syllogism, shown in figure 2.2.

Figure 2.2: Example of how two premises can be combined on a triple Venn diagram,
and used to draw a conclusion.
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When teaching and learning syllogisms, visual representations bring the additional
benefit of showing how the reasoner reached their conclusion.

Consider a scenario where an Inf1A student has incorrectly judged the soundness of
a syllogism, or derived an invalid conclusion. When reasoning verbally, there is little
scope for an instructor to identify where the error is made, unless the reasoner provides
a written explanation of how they reached their conclusion. The reasoning process
is essentially a black box. There is an input and output, but the reasoning process
itself remains a mystery. When using visual representations to reason, the students
externalise and illustrate their thought process, and it becomes possible to identify the
particular step at which their method failed.

While there is a benefit from an instructor’s perspective to using visual representations,
visual methods also benefit the students. Once a student has represented the premises
of a syllogism as a Venn diagram, it is much simpler to find, or validate, a conclusion.
Instead of reasoning through all the possible conclusions, the problem can now be
solved by simply observing the diagram. Which regions of S and P are marked as
inhabited? Which regions are uninhabited? And finally, what does this mean for the
relationship between S and P? What was a philosophical problem has been abstracted,
and simplified to purely an observational one.

Venn diagram representations for syllogisms bring the benefits of abstraction, external-
ising the reasoning process, and visualising a student’s thought process, often without
having to learn a new language or visual representation. However, a new source of
error is created - the translation of statements to, and from, their linguistic and dia-
grammatic representations. How can the potential for error in translation be mitigated?
This project proposes a tool to do precisely that.

2.4 Syllogisms in Inf1A

The Inf1A course content on syllogisms aligns with what has been covered in this
chapter. Students are expected to be able to reason with categorical syllogisms, convert
these syllogisms to standard form, and use Venn diagrams to assist with and illustrate
their reasoning. Understanding the existential assumption is also essential, as it is a
common theme in exam questions.

The challenge of this project is to create a tool that allows students to explore these
concepts, whilst preventing them from making common errors in reasoning. This as-
sistance needs to be offered in a way that meaningfully contributes towards the learning
outcomes of the course, rather than providing shortcuts to solutions.

With Inf1A’s recent move to an entirely online learning environment, the tool should be
presented as a web application. As it’s too early to say if and when in-person teaching
will resume, a solution should take advantage of the online environment, but also be
designed to outlive it. That is, be appropriate for use by a single student studying
online, by a group in a tutorial, or even by a lecturer to illustrate concepts.
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2.5 Chapter Summary

This chapter has, as the chapter title suggests, taken us all the way from Aristotle to
this year’s Inf1A course. Having covered over 2,000 years of syllogisms in 8 pages,
let’s take a recap.

What are syllogisms?
Syllogisms are a form of logical argument, where a reasoner takes some information
(the premises) and infers more information (the conclusion).

What problems do people face when learning syllogisms?
Four key non-logical factors can mislead people when reasoning with syllogisms: at-
mosphere, belief, emotion, and language ambiguity. These factors can be especially
prominent in people that are learning syllogisms for the first time, such as Inf1A stu-
dents.

How can these issues be prevented?
This is a key conceptual challenge. I propose using a non-linguistic notation for syllo-
gisms as a potential solution.

What do you mean by “non-linguistic notation”?
It could mean symbolic notation using the double-turnstile, or any one of the visual
representations people use. Specifically for this project, we focus on Venn diagram
notation, as it benefits both instructors and learners in Inf1A.

How does all of this link to Inf1A?
The ideas in this chapter are used to inform the design of a tool to help Inf1A students
learn syllogisms.



Chapter 3

Existing Tools

This chapter provides a critical evaluation of tools already available for learning Syllo-
gisms and generating Venn diagrams. My own design will later adapt and incorporate
successful aspects of these tools, whilst implementing solutions to their shortcomings.

3.1 Syllogism Quizzes

There are several tools available that present syllogisms in a quiz format, where users
can assess the soundness of a syllogism. See Philosophy Experiment’s quiz [4], Fi-
bonicci’s Syllogisms Aptitude Test [3], or Tutorials Point’s online test [2] as examples.
Such tools are insufficient for learning syllogisms for the same reason; they do not go
beyond a limited number of pre-defined questions. Once the quiz is complete, the tool
is obsolete, and cannot continuously support students over the semester.

One quiz-style tool that does not have this drawback is Syllog [24], a web application
designed to measure students’ ability to reason with syllogisms [30]. Syllog generates
syllogisms from a database of terms, forms, and figures, rather than presenting hard-
coded questions [29]. For this reason, Syllog is more appropriate as a practice tool as
students will not run out of questions to answer.

Figure 3.1: Sample Syllog question
[24]

A study that used Syllog as a way of assess-
ing syllogistic reasoning in Philosophy and In-
formatics students [28] suggests that it does not
cater well to Informatics students’ needs. Philos-
ophy and informatics undergraduates used Syl-
log before, and after, taking a course in logic.
The philosophy students outperformed informat-
ics students in the pre-test then went on to
achieve even better scores in the post-test. For
informatics students, there was no evidence of
similar improvements.

The researchers suggest that the philosophy students could have had more interest in
the course, and learned more. However, it seems unlikely that the informatics students

11
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did not learn from the course. An alternative explanation is that Syllog does not cater
well to informatics students’ way of thinking, and so their learning did not translate
into higher Syllog scores. As the syllogisms are presented in natural language, this
could cater more to philosophy students, who typically express their arguments ver-
bally. For informatics students that are more accustomed to expressing ideas in proofs,
counterexamples, and diagrams, would a tool that presents syllogisms diagrammati-
cally be more appropriate? If Syllog catered specifically to informatics students’ way
of thinking, the pre and post-test scores may have captured informatics students’ im-
proved understanding after the course.

3.2 Visual Tools for Informatics

Since syllogism quiz tools do not meet the needs of informatics students, we’ll now
focus on tools that are designed by, and for, The School of Informatics.

Figure 3.2: Sample question from
Soak up Syllogisms [8]

In previous iterations of this project, only one tool
has been created for syllogisms, as the topic was
only added to Inf1A in 2019. This tool is Soak up
Syllogisms [7], designed as a teaching tool to help
users understand syllogisms [8].

Having been designed specifically for Inf1A, Soak
up Syllogisms succeeds in covering the breadth of
knowledge expected of students. The web applica-
tion offers practice questions on creating and in-
terpreting Venn diagrams, as well as translation
to and from different notations. Unfortunately,
the application covers too much. There are ques-
tions with more than the standard two premises and
three terms, which could confuse and overwhelm
students (see figure 3.2). As the application offers
a limited number of questions, every question be-
yond the course content would be better used to
cover key knowledge that students need.

Soak up Syllogisms also has an instant solver,
which takes a syllogism and determines whether
it is sound. Its application to any Syllogism a stu-
dent could come across makes this a valuable fea-
ture. Despite this feature’s potential, the interface
makes it too easy to make errors, as each term must be retyped every time it is used.
Even with a 2 premise syllogism, there are 6 opportunities for error. When an error
is made, the error message is unhelpful. See figure 3.3, where a better error message
would highlight where the error is made, for example “Error: A and a are only used
once”. While it’s reasonable to assume that a user could find their error easily with
2 premises, it would get much more difficult as the number of errors and premises
increase.
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Figure 3.3: Input error, and corresponding error message from Soak up Syllogisms’
instant solver [8]

While better error messages would be helpful, the ideal solution is an interface that
prevents these errors from being made. An example of such an interface is Little’s Syl-
logism Validity Checker [25], pictured in figure 3.4. Here, a user must only type each
term once, preventing the error shown in figure 3.3. However, Little’s interface allows
some errors to go unnoticed, such as if a student inputted “All A are not A”. Another
drawback is that it does not allow input of the form “No A are B”, requiring the user
to input the equivalent “All A are not B”. Solutions to these issues are implemented in
this project and will be discussed in Chapter 4.

Figure 3.4: Syllogism input form from Little’s Syllogism Validity Checker [25]

Another tool designed specifically for Inf1A is the Venn Diagram Generator [6], which
takes a Boolean expression written in JavaScript notation and outputs the correspond-
ing Venn diagram. Along with the relevant Venn diagram, the tool outputs another
15 diagrams, shown in figure 3.5. The reason for these additional, largely irrelevant
diagrams is unclear. Unless there’s a specific reason for their inclusion, the additional
diagrams should not be displayed by default, as they are likely to confuse users and
distract from the purpose of the tool.

Addressing this issue is a student-made adaptation of the Venn Diagram Generator [5],
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Figure 3.5: Venn diagrams outputted by the Venn Diagram Generator [6]

which only displays the one, relevant, Venn diagram, as seen in figure 3.6. This version
of the generator also improves on the previous by allowing a wider range of notation
in the text input box and providing a clearer guide to what input is valid. However,
neither the original nor adapted version can take two premises with different quantities
as input, making them inapplicable to the study of syllogisms. This is because the
regions in the Venn diagram can only have two states, white or red for true or false.
For syllogisms with premises of different quantities, three states need to be displayed
simultaneously: inhabited (true), uninhabited (false), and unknown. As it can only deal
with a small number of possible syllogisms, the generator is insufficient for displaying
syllogisms.

Figure 3.6: Adapted version of the Venn Diagram Generator [5]
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3.3 Chapter Summary

Chapter 3 had taken us through the syllogism tools that are already available online,
how they could apply to Inf1A, and how they fall short.

Why are you making a new web app for syllogisms, when there are already so
many out there?

There are many pre-existing tools, yes, but they tend to have a limited number of
questions, so a student can’t keep using these tools over the semester.

What if one of these tools had so many questions that they would never run out?

This is better. However, I’ve yet to find a tool that does this whilst catering to the needs
of Inf1A students specifically.

What about the tools that have already been created for Inf1A?

There is a validity checker available, as well as a Venn diagram generator. What’s
needed is a tool that helps students determine the soundness of a syllogism themselves,
with the help of a Venn diagram generator that can represent syllogisms.



Chapter 4

Design and Implementation

This chapter covers the design and implementation of Syllogism Studio. The design
process followed an iterative and incremental approach, beginning with designing and
implementing a minimum viable product, then adapting and extending the app as nec-
essary. To allow this adaptive approach to design and implementation, the design pro-
cess was guided by a set of goals rather than strict requirements.

4.1 Goals

The goals for design and implementation are all drawn from the research covered in
Chapters 1-3. The chapter numbers in brackets correspond to the chapters that motivate
each goal.

1. To support students in learning syllogism (Chapter 1)

2. To decrease the likelihood of non-logical factors influencing students’ reasoning
(Chapter 2.2)

3. To assist students in using visual representations (Chapter 2.3)

4. To increase understanding, rather than providing a shortcut to solutions (Chapter
2.4)

5. To be usable in different social contexts (Chapter 2.4)

6. To generate new syllogisms for students to explore (Chapter 3.1)

7. To cater specifically to the needs of informatics students studying Syllogisms
(Chapter 3.1)

8. To prevent errors when inputting syllogisms (Chapter 3.2)

9. To focus students’ attention on the key information (Chapter 3.2)

16
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4.2 Early Version

The initial implementation of Syllogism Studio focused on how premises could be
inputted and presented visually. The input was based on the interface of Little’s Syllo-
gism Validity Checker [25], allowing students to input premises as they are presented
in the course, without the need to translate into a different notation. Little’s input form
was adapted in the following ways:

1. Added “No” to the drop-down list so that students wouldn’t need to translate a
premise such as “No A is B” to “All A is not B” before inputting, as this could
be a source of error.

2. Required the terms to be defined as S, M, and P, rather than inputting the names
of the terms in any order. This was done so that students can practise identifying
S, M, and P.

3. Labelled the premises as “Major Premise” and “Minor Premise” so that students
would understand the difference between the two premises. The “S” term cannot
be inputted into the major premise, and the “P” term cannot be used in the minor
premise.

4. Added an auto-complete feature to the premise inputs. If M is inputted as the
subject of the major premise, the predicate is automatically selected as P. This
feature is both convenient for the user, and prevents errors, by automatically
correcting illegal input such as “All M are M”.

5. Removed unnecessary features such as conclusion input, validity tests, and in-
formation on the distribution of terms.

The visual representation rendered by Syllogism Studio was inspired by the Venn di-
agram generators discussed in Chapter 3.2. The idea was to take the premises and
simply generate a Venn diagram representation, as shown in figure 4.1.

Figure 4.1: Initial interface of Syllogism Studio. Red denotes inhabited, and grey unin-
habited, areas.
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Initially, D3.js [11] seemed like the most appropriate tool for the job, as it would
allow Venn diagrams to be generated. However, after learning to use D3 to draw
Venn diagram SVGs, I found a much simpler solution - to draw the SVGs myself
using a vector graphic editor. Although using D3, or drawing a Venn diagram using a
vector graphic editor would produce the same result, I decided to stick to the simpler
method to make it easier for future users to adapt and extend my work without requiring
knowledge of D3.

The translation from premise to Venn diagram was done in relatively few, simple steps.
First, the terms are mapped back to their standard letters. Then the form of each
premise is abbreviated as either A, I, E, or O. Each premise is now reduced to three
characters, for example, a universal negative premise with M as the subject and P as
the predicate would be stored as MeP. Finally, this three-character string is displayed
by changing the fill colour of the relevant SVG elements.

This early version succeeded in achieving, or partially achieving, a number of the
design goals, with as simple an implementation as possible. A summary of which
goals were achieved, and which ones remained to be satisfied is provided in table 4.1.
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Table 4.1: Evaluation against goals

Goal no. Achieved Description Explanation

1 inconclusive support students in learning Syllogism a user study should be conducted with Inf1A students
to assess whether they find the tool useful

2 inconclusive decrease the likelihood of non-logical factors influenc-
ing student’s reasoning

a study should be conducted to investigate Syllogism
Studio’s effect on reasoning

3 partially assist students in using visual representations generates Venn diagrams, but does not give explana-
tion or guidance on how to interpret them

4 no increase understanding, rather than providing a short-
cut to solutions

provides a shortcut to a correct Venn diagram without
explanation

5 yes be usable in different social contexts instructors could use in class to quickly generate Venn
diagrams, and individual student could use to help with
creating or validating diagrams

6 no generate new syllogisms as needed no question generator is implemented

7 partially cater specifically to the needs of informatics students
studying syllogisms

assists with standard form and Venn diagrams, but
doesn’t provide practice questions, or validate stu-
dents’ conclusions

8 yes prevent errors when inputting syllogisms input form prevents errors

9 no focus students’ attention on the key information all the available information is presented on one page
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4.3 Extended Version

The next challenge was to extend the application to satisfy as many of the goals as
possible, without over-complicating the design.

To satisfy goals three and four, a guide to interpreting the Venn diagrams needed to be
added in a way that would not clutter the interface nor confuse the user. The inspiration
for my solution came from The Pudding [1], a digital publication that presents com-
plex, debated topics visually. The visuals in their essays speak for themselves, with
minimal annotation to enhance understanding. To achieve a similar result in Syllogism
Studio, I broke the creation of the Venn diagram down into smaller steps and followed
The Pudding’s guide to scrollama.js [19] [18] to add a simple explanation to each step
of its creation, such as in figure 4.2. This provided a guide on both how to draw, and
interpret the Venn diagram at each step, helping users to understand the process of
using visual representations, rather than jumping straight to the final product.

Figure 4.2: A Venn diagram presented by Syllogism Studio

A by-product of this redesign is that it satisfied goal nine. As users scroll through the
interface, only the most relevant information is presented at any given time. Initially,
the user is presented with the input form. Later, only the Venn diagram is presented
along with a brief explanation of what it represents. To further focus the user’s attention
on the key information, the areas of the Venn diagram that are being discussed at any
particular step are highlighted with a thick, gold outline, visible in figure 4.2.

A drawback of this adaptation is that it made the application less usable as a teaching
tool in lectures and tutorials. It would be time-consuming for an instructor to scroll
through the interface to display a single Venn diagram to students. The idea of adding
a “Skip” button was explored but eventually dropped, as it would encourage students
to skip to a solution rather than working through a problem. Here, there was a trade-off
between goals, and it was decided to create a tool designed for an individual student,
rather than catering to lecturers and tutors too.

After explaining the Venn diagram, an additional text box was added to challenge users
to draw a conclusion from the Venn diagram, shown in figure 4.3. As the premises
were inputted in standard form, it was possible to reduce the possible conclusions to
5 options; All S are P, Some S are P, No S are P, Some S are not P, and None of the



Chapter 4. Design and Implementation 21

above. Students can enter any two premises, and test themselves on the conclusion,
meaning the app does not fall into the trap found in many syllogism quizzes of only
having a certain number of questions to answer. However, asking users to define their
own questions is not a perfect solution, so a randomize button was added to the input
form. This randomly selects a quantifier, qualifier, and figure for the premise, before
users work through the app to find a conclusion. This satisfies goal six, by generating
new syllogisms for the students to practise.

To fully address goal seven, whenever a premise pair that have a conditionally valid
conclusion is inputted or generated, and additional dialogue is presented. Here, stu-
dents are asked to draw an additional conclusion based on one of the regions being
known to be inhabited, as shown in figure 4.3. This closely follows the structure of
many exam or test questions in Inf1A, and so caters specifically to the needs of Inf1A
students.

Figure 4.3: How Syllogism Studio could be used to answer an question from Inf1A

The goals left to be addressed are 1 and 2. While the web application was designed to
satisfy these goals, we cannot be certain of their achievement without a user study. A
user study that focuses on goal 2 is presented in Chapter 5, and a study on goal 1 in
Chapter 6.
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4.4 Limitations

A limitation of Syllogism studio is that it does not have any natural language pro-
cessing capabilities, simply substituting the terms entered as S, M, and P without any
processing. As explained by Howard [20], this becomes an issue when the predicate
of a premise is an attribute of the subject. For example, take the syllogism:

All feathers are soft
Some feathers are white
Therefore, some white things are soft

In the minor premise, “white” is used as an adjective, describing an attribute of “feath-
ers”. When “white” appears as the subject of the conclusion, it is naturally converted
to a noun. However, as Syllogism Studio cannot identify whether terms are adjectives
or nouns, the conclusion offered by the app would be “Some white are soft”, as shown
in figure 4.4.

Figure 4.4: Grammatically incorrect conclusions

A similar issue is found when the predicate of a proposition is a verb, such as in fig-
ure 4.5. To enter the major premise into the app, the verb “fly” would first have to be
translated into an adjective, and the premise entered as “No penguins are flying”. If the
term “flying” then appeared as the subject of a premise, the app would produce a gram-
matically incorrect statement. Syllogism Studio’s inability to identify parts of speech
means it can only handle letters, or plural verbs as terms without making grammatical
errors.

Figure 4.5: Sample question from Inf1A
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Another limitation of Syllogism Studio is how it displays syllogisms with two par-
ticular premises. When expressing syllogisms in triple Venn diagrams, areas that are
known to be inhabited in a double Venn diagram reach across two regions. The green,
inhabited areas now denote pairs of regions, at least one of which is inhabited. When
two such pairs are represented on a triple Venn diagram, they may intersect, or be ad-
jacent to each-other. It is then difficult to distinguish which regions are paired together
to denote a larger, inhabited region, as shown in figure 4.6. For this reason, Syllogism
Studio best caters for premise pairs with a valid conclusion, as they do not have two
particular premises.

Figure 4.6: Venn diagram displaying two particular premises
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4.5 Chapter Summary

This chapter provided an overview of how Syllogism Studio was created, what the
design goals were, and what steps were taken to meet them.

What is Syllogism Studio?
Syllogism Studio is a web application that provides an interactive step-by-step guide
to using Venn diagrams as a way to represent, and interpret, syllogisms.

Can I use it?
Yes, you can access the tool at https://syllogism.studio.

Is the tool perfect?
Unfortunately not. The tool doesn’t have any language processing capabilities cur-
rently, and does not display overlapping or adjacent inhabited areas well. If you come
across any other limitations, you can use the feedback form on the app to raise the
issue.

https://syllogism.studio


Chapter 5

Evaluation

This chapter documents a study to evaluate Syllogism Studio’s usability, and whether
its use reduces the influence of non-logical factors when reasoning. The original inten-
tion was to conduct a think-aloud usability test, followed by an investigation into how
Syllogism Studios affects syllogistic reasoning. However, due to the time lost wait-
ing for ethics approval, the studies were combined. This allowed time for the results
to be analysed, and any changes to the web application to be made by the end of the
semester.

5.1 Goals

The overall goal of the combined study was to answer the following questions:

1. How does the Venn diagram method presented by Syllogism Studio affect users’
syllogistic reasoning?

(a) Does using Syllogism Studio whilst solving syllogisms increase or de-
crease the proportion of correct answers?

(b) Is the atmosphere effect stronger or weaker when using Syllogism Studio?

(c) Does Syllogism Studio reduce errors due to language ambiguity?

2. Is the application usable?

(a) Do participants report difficulty in using the application?

(b) What changes should be made based on user feedback?

5.2 Experimental Design

To investigate how Syllogism Studio affects users’ syllogistic reasoning, participants
were asked a series of questions on syllogisms to be answered with, or without the
use of the web app. The methodology was based on the work of Johnson-Laird and
Steedman, in their investigation into the psychology of syllogisms [22].

25
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Two experiments were conducted by Johnson-Laird and Steedman to investigate how
the mood of the premises affect the conclusions drawn by participants. In their first
experiment, on which my methodology is based, 20 undergraduate students were pre-
sented with pairs of premises from which valid conclusions could be drawn. A total of
271 premise pairs that had a valid conclusion were included. The premises were pre-
sented as statements regarding a group of people that the participants should imagine as
assembled in a room. The terms of the premises could then be interpreted as character-
istics of these people. Based on the information provided, participants were expected
to make deductions, and write down a statement that followed from the premises.

The participants received the premise pairs in the form of a paper booklet, where each
question was mimeographed and assembled into a booklet in random order. The re-
sponses, and their frequency, were then presented by premise pair. Since their inves-
tigation concerned syllogisms that were not in standard form, the findings themselves
are not relevant to this study. However, their investigation into bias in the conclusions
drawn makes the methodology particularly valuable.

Methodology

Sixteen participants were presented with sixteen premise pairs and asked to derive
conclusions. Participants answered eight questions without any additional support,
and eight questions whilst using Syllogism Studio. The conclusions were presented as
multiple-choice, rather than presenting open-ended questions as was done by Johnson-
Laird and Steedman to align with the interface of Syllogism Studio.

In Lefford’s study on the emotional content of syllogisms [23], the order of the two
sections of the study affected the results. To control for this order bias, group A an-
swered questions with the web application first, then went on to answer without. Group
B completed the sections in the opposite order.

To further reduce the risk of order biases, every participant was presented with the
questions in a different order. The question order was drawn from a 16x16 Sudoku
puzzle, where each row in the puzzle corresponded to a participant, and the order
in which the numbers 1 to 16 appeared in that row determined the order in which
questions would be presented. It was then possible to ensure that every question would
be answered with and without Syllogism Studio exactly eight times.

The questions were printed and assembled into paper booklets along with sample ques-
tions and instructions.

Participants

The participants in this study were undergraduate students at The University of Ed-
inburgh, that did not study informatics, and had no prior training in logic. An ideal
participant selection criteria would be undergraduate informatics students that had no

1When presenting the premises in standard form, only 19 premise pairs have valid conclusions, as
shown in Appendix A. Since Johnson-Laird and Steedman did not enforce standard form in their study,
the number of premise pairs with valid conclusions rose to 27.
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prior training in logic as this is the target audience of Syllogism Studio. However,
since all informatics students take Inf1A in their first semester, very few, if any, poten-
tial participants would have met these criteria.

The intention was to give participants a brief introduction to syllogisms in small groups
before they went on to answer the questions. This would be similar to an introductory
class that Inf1A students might be given. However, as Covid restrictions did not al-
low for in-person meetings, a brief introduction was provided in the form of sample
questions instead.

Question Design

Since previous studies have observed participants performing better with sound syllo-
gisms than unsound syllogisms [15] [32], the study focused on sound syllogisms. This
was to avoid the risk of participants finding the questions too difficult to answer and
simply guessing instead of reasoning to find a conclusion.

Conditionally sound syllogisms were omitted, as an understanding of the existential
assumption could not be expected from participants seeing syllogisms for the first time.

This resulted in the 15 unconditionally sound syllogisms being the focus of the study.
One unconditionally sound syllogism was omitted, to be used as a sample question
on the instruction sheet, along with one example of an unsound syllogism. These two
sample questions were selected as they were the easiest to answer, according to the
results of Johnson-Laird and Steedman.

This left 14 sound syllogisms. For an even distribution of syllogisms across the four
figures, one first figure and one fourth figure unsound syllogism was included, so that
there were four questions for each mood.

Since testing for all four non-logical factors discussed was beyond the scope of what
was reasonable to study in a single experiment, it was decided to focus on only two
factors - the atmosphere effect, and language ambiguity. Belief bias and the emotional
content of syllogisms were controlled for by using terms that would not invoke emotion
or prior belief. “Scientists”, “Mathematicians” and “Professors” were selected as the
terms, as it removed the need for participants to identify S, M, and P themselves. When
using the web app, they could identify the S M and P terms by taking the first letter of
each term.

Experimental Interface

Syllogism Studio was adapted in the following ways before being presented to partic-
ipants:

1. No feedback was given on whether participants had selected the correct answer
in the app.

2. Discussion of the existential assumption was removed, as it was not relevant to
the study
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3. The introductory text was adapted to tell participants which terms were S M and
P, as understanding of standard form was not being assessed.

4. An anonymous feedback form was added to allow users to report any difficulties
they experienced whilst using the app.

5.3 Data Collection

Ethics approval for this study was sought in February. After an initial follow-up email,
no response was received from the ethics committee, and therefore ethics approval
was not obtained. For this reason, careful consideration was given to not collecting
any personal data or identifiable information from the participants. To preserve each
participant’s anonymity, the following steps were taken:

1. The materials for each participant were placed in identical envelopes. These
envelopes were distributed at random, so that I would not know which participant
filled in each booklet.

2. The materials were collected back in a sealed envelope.

3. Once the envelopes were all returned, they were opened, and assigned an ID.
The ID was linked to the participant’s answers, but not to their identity. As the
envelopes were all opened at the same time, there was no way to link results to a
particular participant.

4. The results were aggregated by premise pair, so that a single participant’s re-
sponses could not be identified.

5.4 Results

The aggregated responses are presented in two tables. Table 5.1 presents participants’
answers whilst using the web app, and table 5.2 without. Each cell in the table contains
the conclusions drawn by participants when presented with the premises in the corre-
sponding row and column. All of the responses that were received are presented, with
the frequency of each response given in brackets after the statement. The responses
within a cell are ordered from most, to least frequent, with the correct response in bold
font.

The frequency of responses in each cell should total 8, as 8 participants were asked to
answer each question with, and without, the web app. However, one participant failed
to return the booklet, meaning that only 7 responses are logged in some cells. One
participant failed to give a response to a question, and so the premise pair “Some P are
not M” and “All M are S” received only 6 responses.
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Table 5.1: Participant responses with the use of Syllogism Studio

Major Premise

Minor Premise All M are P Some M are P No M are P Some M are not P All P are M Some P are M No P are M Some P are not M

All S are M
All S are P (6) No S are P(8) No S are P(7)

Some S are P (1) None of the above (1)
Some S are not P (1)

Some S are M
Some S are not P (7) Some S are not P (4)
None of the above (1) Some S are P (3)

None of the above (1)

No S are M
No S are P(7)

None of the above (1)

Some S are not M
Some S are not P (4) Some S are not P (6)

Some S are P (2) Some S are P (1)
No S are P (1) No S are P (1)

None of the above (1)

All M are S
Some S are P (5) Some S are not P (4) Some S are P (4) Some S are not P (3)

Some S are not P (1) Some S are P (2) Some S are not P (2) None of the above (2)
None of the above (1) None of the above (1) None of the above (1) Some S are P (1)

Some M are S
Some S are P (5) Some S are not P (4) Some S are not P (4)

Some S are not P (1) Some S are P (2) Some S are P (3)
None of the above (1) No S are P (1)

No M are S
No S are P (7)

Some M are not S
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Table 5.2: Participant responses without the use of Syllogism Studio

Major Premise

Minor Premise All M are P Some M are P No M are P Some M are not P All P are M Some P are M No P are M Some P are not M

All S are M
All S are P (5) No S are P(6) No S are P(7)

Some S are P (1) Some S are P (1)
None of the above (1)

Some S are M
Some S are not P (6) Some S are not P (5)
None of the above (1) Some S are P (1)

No S are P (1)

No S are M No S are P(7)

Some S are not M
Some S are not P (5) Some S are not P (7)

Some S are P (1)
None of the above (1)

All M are S
Some S are P (6) Some S are not P (5) Some S are P (6) Some S are not P (5)

None of the above (2) Some S are P (2) Some S are not P (1) Some S are P (2)
None of the above (1) None of the above (1) None of the above (1)

Some M are S
Some S are P (7) Some S are not P (5) Some S are not P (5)

Some S are not P (1) Some S are P (2) Some S are P (1)
None of the above (1) No S are P (1)

None of the above (1)

No M are S No S are P (5)
Some S are not P (2)
None of the above (1)

Some M are not S
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5.5 Discussion

When comparing the results to those of Johnson-Laird and Steedman [22], the partici-
pants performed better than expected.

The valid conclusions were drawn most frequently for all premise pairs, other than the
two premise pairs with no valid conclusion. For these two unsound syllogisms, the
most frequent responses aligned with the atmosphere of the premise. This is true of
the valid conclusions too, meaning that it is difficult to tell if the participants reasoned
to reach their valid conclusions, or made a correct guess based on atmosphere.

As well as atmosphere, the multiple-choice format of the question may have con-
tributed to the high proportion of correct responses. Note that in Johnson-Laird and
Steedman’s study, the participants were expected to draw their conclusions with no as-
sistance. While this has meant that there are fewer errors in participants’ reasoning to
study, it suggests that presenting multiple choice conclusions, as is done in Syllogism
Studio, can help users draw valid conclusions.

1. How does the Venn diagram method presented by Syllogism Studio affect
users’ syllogistic reasoning?

(a) Does using Syllogism Studio whilst solving syllogisms increase or de-
crease the proportion of correct answers?

Total Correct Incorrect
responses responses responses Accuracy

With Syllogism Studio 119 81 38 68%
Without Syllogism Studio 120 84 36 70%

Overall 239 165 74 69%

Table 5.3: Summary of correct and incorrect responses

Using Syllogism Studio does not appear to have any effect on the accuracy
of participants’ reasoning. While the overall accuracy is slightly lower
whilst using Syllogism Studio, the difference is negligible and is not statis-
tically significant (p >0.1, left-tailed test).

(b) Is the atmosphere effect stronger or weaker when using Syllogism Stu-
dio?

The two premise pairs with no valid conclusions drew incorrect responses
that were consistent with the atmosphere effect. Both pairs had one uni-
versal affirmative (A), and one negative particular (O) premise. Under the
atmosphere effect, it is expected to see a bias towards selecting a negative
particular conclusion.

Whilst using Syllogism Studio, half of the total responses considered were
consistent with the atmosphere effect. Without the assistance of the web
app, this rose to two-thirds.
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Total Incorrect Incorrect responses
responses responses consistent with atmosphere

With Syllogism Studio 14 11 7
Without Syllogism Studio 15 13 10

Sum 29 24 17

Table 5.4: Atmosphere effect in premise pairs with no valid conclusions

This provides some evidence towards Syllogism Studio decreasing the like-
lihood of drawing an invalid conclusion due to atmosphere. However, as
only two premise pairs with a total of 29 responses were considered in this
analysis, the sample is too small to generalise the results.

(c) Does Syllogism Studio reduce errors due to language ambiguity?

Four premise pairs were identified as cases where language ambiguity led
to incorrect conclusions.

One premise pair received responses of the type “Some S are P”, when
only “All S are P” follows. Here, a reasoner would have incorrectly made
the existential assumption on S, likely due to ambiguity in the meaning of
“All”.

Three premise pairs had incorrect responses due to reasoners inferring
“Some A are not B” from “Some A are B”, or vice versa.

In both premise pairs with no valid conclusion, some participants converted
the particular negative premise to the particular affirmative equivalent, be-
fore drawing a conclusion, leading to incorrect responses.

For the premise pair “Some P are M” and “Some M are S”, the valid conclu-
sion is “Some S are not P”. However, some participants responded “Some
S are P”.

The responses to these four premise pairs are summarised in Table 5.5.

Total Incorrect Incorrect responses
responses responses due to language ambiguity

With Syllogism Studio 29 16 6
Without Syllogism Studio 31 18 6

Sum 60 34 12

Table 5.5: Incorrect responses due to language ambiguity in four premise pairs

Using Syllogism Studio did not affect the number of incorrect responses
due to language ambiguity. Even if there was an effect observed, the small
sample size may have made it difficult to generalise the results.
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2. Is the application usable?

(a) Do participants report difficulty in using the application?

As the study was conducted remotely, without observing participants’ screens,
usability data was only gathered through the feedback form on the app.

Three responses were received from the feedback form. Two of the par-
ticipants that submitted the form reported difficulty with understanding the
colours in the Venn diagrams, as intuitively, grey and red both implied that
a region was uninhabited.

Two feedback forms mentioned finding the breakdown of how to work
through a question helpful.

(b) What changes should be made based on user feedback?

In response to the feedback, green was used to display inhabited regions,
instead of red. While the figures in this report have used green to denote
inhabited areas throughout, red was used up until the user feedback was
received.

5.6 Design limitations

Using the web application had no significant effect on participants’ reasoning. It was
expected that using Syllogism Studio would either increase or decrease the overall
accuracy of participants’ validity judgements. It seemed reasonable to hypothesise
that if the app was successful in helping users interpret syllogisms, that the accuracy
would increase. If the application was confusing or misleading, the accuracy would
decrease. However, using the web application had no significant effect on participants’
reasoning. Does Sylliogisms Studio, somehow, achieve nothing?

The lack of observable effect and the small number of feedback forms submitted sug-
gest an alternative explanation - that the participants did not use the web app to assist
with answering the questions.

Follow-up conversations with participants revealed that whilst they did use the app,
many scrolled through the Venn diagrams without trying to understand them, then
based their answers solely off of the premises on the question booklet, and not the
Venn diagram.

This most likely happened as participants would have needed to put significant ef-
fort into understanding the Venn diagram method, and most, being able to answer the
questions without it, chose not to.

The limitation here is that participants were not explicitly taught the Venn diagram
method before the study, and so using an app that displayed Venn diagrams was not
beneficial to them. As the study was conducted remotely due to Covid restriction, it
was not possible to support the participants in using the web app and interpreting the
Venn diagrams.
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It would have been better to select participants that were familiar with the Venn dia-
gram method for interpreting syllogisms, such as current Inf1A students. This was not
possible given the timing of the study, as Inf1A was taught in semester 1, while the
study was conducted in semester 2.

The second limitation is with the question selection. The questions that had the most
valuable responses in terms of analysis were those with premise pairs that had no valid
conclusion.

It was difficult to know which questions would give insightful responses before pre-
senting them to participants. However, if the study was done again, it would be best to
include 2 sound, and 2 unsound syllogisms from each figure, rather than focusing on
sound syllogisms. This would likely lead to more erroneous responses, and therefore
more data on the errors that users typically make. The sample of invalid conclusions
would then be large enough for the result on the atmosphere effect to be generalised,
and for some effect on language ambiguity to be observed.

The final limitation of this study is that the feedback form was included at the bottom
of the web app. Participants that did not fully engage with the app would not have seen
it, and therefore did not fill it in. As a result, limited data was gathered on usability. It
would have been better to include short questions on usability as part of the question
booklet, to encourage more users to provide feedback.

5.7 Chapter Summary

This chapter documented a study conducted to investigate how Syllogism Studio af-
fects users’ syllogistic reasoning.

What did the study entail?
sixteen participants were presented with sixteen questions on syllogisms in a paper
booklet. They were asked to answer eight questions with, and eight without, the use of
Syllogism Studio.

What were the results?
The participants answered more questions correctly than incorrectly. The proportion
of correct and incorrect responses were consistent both with and without the help of
Syllogism Studio. There was some evidence that Syllogism Studio reduced the atmo-
sphere effect, but there was no evidence that it reduced the number of errors due to
language ambiguity.

Were the any limitations to the study?
Yes. Due to the limitations outlined in Chapter 5.6, participants did not engage with
the web app fully. Because of this, the results cannot be taken as a true reflection of
Syllogism Studio’s effect on users’ ability to reason with syllogisms.

What do these limitations mean for the project?
The limitations mean that reliable data on the usability and effectiveness of the app
was not gathered. To address this issue, a second user study was conducted, outlined
in Chapter 6.



Chapter 6

User Study with Inf1A students

This chapter outlines a second user study, which was conducted to address some of the
limitations of the experiment described in Chapter 5.

6.1 Project Presentation

The user study was conducted informally during the honours project poster presenta-
tion day, an online event attended by informatics staff and students.

Informatics students that showed interest in the project were invited to visit Syllogism
Studio and test the app using sample syllogisms, or by picking their own examples to
try. These students were primarily first and second year undergraduates, and so were
familiar with syllogisms from taking Inf1A in previous semesters.

As the participants used the app, they were asked to share their thoughts aloud. With
multiple users testing the app at the same time, this led to a group discussion on the
usability of the app. When only one student was present it allowed a more focused
discussion on how they interpreted the Venn diagrams drawn by the app to find a con-
clusion. Note that the feedback on whether a user had selected a correct or incorrect
conclusion was hidden during the presentation, to promote discussion on a conclu-
sion’s validity.

The study followed the needs and interests of the users, resulting in a session that was
part focus group, part think-aloud study. No personal information or other data was
gathered from those that tested the app, other than what was submitted through the
feedback form. Completion of this form was entirely optional and anonymous.

6.2 Feedback

After testing the app, participants were asked to fill in an anonymous feedback form.
A total of 6 participants submitted feedback in the form of written responses to 3
open-ended questions. The questions and full responses are found in Appendix B. A
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summary of the key points from the feedback forms and verbal feedback is summarised
as follows:

1. The web app was well-received by previous Inf1A students. Many expressed
that they would have found the app useful during the course.

2. For those already familiar with syllogisms and the Venn diagram method, the
app is easy to understand and use.

3. The app displays well on a range of web browsers but is not as successful on
different screen sizes. Particularly wide or narrow windows/screens cause layout
issues.

4. Some users like the simple grey/green colouring of regions in the Venn diagram,
whilst others prefer to use ticks and crosses to annotate regions.

5. There is a demand for more topics within Inf1A to be added.

The feedback received suggested that Syllogism Studio would be a valuable tool for
Inf1A students. While there are no quantitative measures of how well Syllogism Studio
would support future Inf1A students, the overall positive response is encouraging, and
suggest that the app would cater well for Inf1A students’ needs.

The feedback also highlighted usability issues that, along with the design limitations
outlined in Chapter 4.4, should be used to continue to improve the application.



Chapter 7

Conclusion

This report discusses three main bodies of work: background research, design and
implementation, and evaluation.

The background research summarised the relevant literature on syllogistic reasoning,
with a focus on how and why reasoners make errors. It was argued that using Venn
diagrams to assist with reasoning could reduce the frequency of errors. As a result, a
web application was designed to support the use of Venn diagrams as reasoning tools
for syllogisms. The application can be accessed at https://syllogism.studio. The
application is freely available to all, although it is designed specifically for informatics
students studying syllogisms as part of Inf1A.

Syllogism Studio was then used to evaluate the hypothesis that using Venn diagram
representations of syllogisms could reduce common errors in syllogistic reasoning.
The study provided little evidence either for or against the hypothesis. However, the
lessons learned from the study could be used to conduct a more informative investiga-
tion in the future.

Finally, the application was presented to informatics students that had recently taken
Inf1A. This final element of evaluation provided feedback on whether the application
succeeded in catering to the needs of informatics students, and provided ideas on how
the application could be extended.

There are two main aspects of this project that invite further work: the development of
Syllogism Studio, and the investigation of its effect on syllogistic reasoning.

Syllogism Studio could be further developed by adding language processing capabili-
ties, developing a notation for intersecting or adjacent inhabited regions, and ensuring
usability across a range of screen sizes.

The experiment outlined in Chapter 5 should be repeated with changes to the questions
and participant selection criteria. More unsound syllogisms should be incorporated, to
be presented to participants that are currently studying Inf1A. Based on the results of
this modified study, an attempt should be made to prove or disprove the hypothesis that
informed the design of Sylloigism Studio - that the use of Venn diagrams can reduce
the errors made due to non-logical factors in syllogistic reasoning.
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Appendix A

Table of Sound Syllogisms

The entries in the table denote the conclusion that follows from the premises in the
corresponding rows and columns. Unconditionally valid conclusions are presented
in bold text. Conditionally valid conclusion are provided along with their validity
condition.

The column for “Some P are not M”, and row for “Some M are not S” have been
omitted, as there are no valid conclusions with either premise.

Major Premise

Minor Premise All M are P Some M are P No M are P Some M are not P All P are M Some P are M No P are M

All S are M All S are P No S are P No S are P
Some S are P Some S are not P Some S are not P

if S exists if S exists if S exists

Some S are M Some S are P Some S are not P Some S are not P

No S are M
No S are P

Some S are not P
if S exists

Some S are not M Some S are not P

All M are S
Some S are P Some S are P Some S are not P Some S are not P Some S are P Some S are P Some S are not P

if M exists if M exists if P exists if M exists

Some M are S Some S are P Some S are not P Some S are not P

No M are S
No S are P

Some S are not P
if S exists

41



Appendix B

Responses to Feedback Form

All respondents gave consent for their feedback to be included in this report.

What did you find useful about this web application?

• very clear and informative design

• Really user friendly!

• The way everything is visualised

• Being able to visualise using the Venn diagrams was good

• explained really well how to do syllogisms

• The colours are really useful to help with visualisation :)) I like the grey and
green!

Did you find anything difficult to understand?

• not at all!

• “Some S are not P” and “some S are P” can both be true at the same time, right?

• the css messed up all the text boxes and drop downs

• Not really!

• no it was all good really good project

• I think its pretty straightforward

Do you have any suggestions for changes that could be made, or new features that
you’d like to see?

• more CL content (Karnaugh maps etc)

• that white1 screen thingy

• add existential assumptions

1This appears to be a typo, with the text intended to read “wide”. Issues with wider screen sizes
were discussed during the presentation
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• often forget whether the coloured means inhabited or not - a tick or a cross might
be good

• More of the CL course implemented in it, explanation of SMP would be good
for those who have not done Inf1A and/or CL

• This was kind of discussed at gather town but maybe also having a way which
we could also use for our homeworks and questions on paper without having to
change colours
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