Learning Styles and Exploratory Testing
Andy Tinkham
Florida Institute of Technology
andy@tinkham.org

Cem Kaner, J.D., Ph.D
Florida Institute of Technology
kaner@kaner.com

Abstract
Exploratory testing is widely done in software testing. However, it is performed in
many different ways. This paper discusses our initial work into examining a
tester’s learning style as an indication of the types of actions she might use while
doing exploratory testing. We use the Felder-Silverman learning styles model as a
basis for presenting our hypotheses about how this aspect of one’s personality
affects how she performs exploration.
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Introduction

Exploratory testing has attracted a great deal of interest in the software testing community1. This
approach to testing typically involves testing, learning, and designing new tests as interacting
activities, all occurring simultaneously. Almost all testers explore at times as they perform their
jobs, whether they acknowledge it or not. For example, consider regression testing of bugs. To
check whether a bug was fixed, the tester might start with the exact steps listed in the bug report,
but after the program passes this simple test, the tester will probably try additional tests to check
if the bug is completely fixed. These tests might vary the conditions that initially exposed the
problem, or they might explore possible side effects of the fix. The details of these additional
tests are not recorded in any test plan. The tester invents them as she works. In this case, she is
being an explorer – she is exploring.
One of the puzzles of exploratory testing is that there appear to be different exploration styles.
That is, it appears to us that there are many different available strategies for creating and using
exploratory tests, that these are not mutually exclusive, and that individual testers (or explorers)
seem to adopt a subset of these strategies.2 This makes it difficult to characterize exploratory
testing in terms of a narrow set of techniques, or a set of mental models or behaviors shared by
all explorers.
While doing exploratory testing, the tester generally has an overall purpose in mind that he is
trying to achieve. Bach makes these purposes explicit and calls them charters3. An example
charter might be to “check the UI against Windows interface standards”. This charter serves to
narrow the tester’s focus and help him to better test the application by removing distractions and
tangents that he might otherwise encounter. The charter does not, however, specify how he
should accomplish the task. The specific actions required to satisfy the charter are left to the
discretion of the tester, who determines them on the fly as he tests the application.
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There is thus a large creative element to exploratory testing. Two different testers given the same
charter may take two entirely different paths to achieve the stated goal. Neither path is
necessarily better or worse than the other (though either one may find bugs that the other did
not). How each tester develops her style (her pattern of adoption of exploratory test types) is
probably based on several factors, including past experience, specific skills and detailed
knowledge, and perhaps also aspects of her personality, such as learning style (the preferences
the tester has for the ways in which she learns information).
This paper looks at how testers’ learning styles could influence how they perform exploratory
testing. Learning style seems like a relevant variable to us because a core activity of exploratory
testing is learning about the software, including its weaknesses, potential failure modes, potential
applications, market, configuration variability, and so on.
Several models of learning styles have been proposed. In this paper, we examine the FelderSilverman model for insights that it might provide into the exploration process. We believe this
model can provide guidance both in how an individual explorer approaches testing and how that
explorer can expand his repertoire of techniques and thereby be more successful in exploration.
We start by describing exploratory testing, and then discuss the Felder-Silverman model in more
detail and apply its continua to exploratory testing. We have performed an informal survey of a
small number of testers. While this survey was not statistically representative enough for us to be
able to draw specific conclusions, it does indicate that there is a strong likelihood of patterns of
correspondence between learning style tendencies and exploration technique choices occurring in
a larger sample of the testing population, as well.
The research described in this paper is still in the early stages. While we believe the learning
styles model makes sense and the points we make apply, we have not yet had the chance to
validate the ideas. We are very interested in comments from the field to either support or refute
the points we make. We are designing empirical research to study our hypotheses: we will make

our research results available at our lab’s web site4. This research will involve observing and
interviewing testers, in-depth study of the various learning style models, and the development
and testing of exercises (each geared towards a particular learning style or combination of
learning styles) to be used in training exploratory testers.
We present the hypotheses we have at this point because we believe the insights provided by
learning style models can be immediately helpful to those doing exploratory testing. Our work
might have implications for some other approaches to testing, but we are most interested in
applying this to exploration because all of the investigative choices are under the explorer’s
control. Approaches centered on a specific technique, such as domain testing, are more
constrained and so their application is less influenced by learning style.

Exploratory Testing

Exploratory testing is one of the most widely used approaches in the field of software testing5. It
is also the least understood approach despite being used by most testers as part of their day-today activities. For example, any tester who deviates from a scripted process to characterize a
defect he found or to verify a bug fix is doing exploratory testing. However, some testers are
reluctant to describe their work as exploratory because they think the term connotes random
work or that it is merely an excuse for testers to avoid the documentation and planning called for
by traditional testing6.
Competently done, exploratory testing is neither an excuse to avoid work nor a waste of time due
to randomness. The essence of exploration is an active, risk-focused investigation of the product.
Rather than designing tests early, when he is just beginning to learn what the product is, how it
can fail, and who will use it to do what, on what platforms, the exploratory tester continually
seeks out more information about the product and its market, platform, and risks – and designs
tests to exploit the knowledge he has just gained. The explorer might use any test technique, and
will probably use several different ones, in his quest to learn more about the product and its
weaknesses.

Exploration Styles
Given a specific charter, individual testers will take substantially different approaches to fulfill
that charter. One tester may start by creating models of the application. These models might be
bare bones, quickly sketched on a piece of paper. Another tester might begin by brainstorming a
list of different tests that could be executed and then work his way through the lists. A third
tester might work from a list of failure modes (ways that we can imagine the product might fail),
designing tests to determine whether the program actually does fail in those ways. While each
approach could meet the charter of the testing being done, they will probably yield different bugs
and different information about the product. Choosing a style of testing to achieve a specific
4
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charter and then developing effective tests within the style illustrates the creative demands of the
exploratory testing process.
At the core of each style is the idea of questioning7. We think of each test case as a question
asked of the application under test. Test design is a matter of developing good questions and
asking them well. Exploratory test design is informed by the answers to previous questions.
Kaner identified nine different styles of exploration (most of which have several subsets) that he
had seen exploring testers use8. Each style involves asking a different set of questions. The
differences stem from the focus of the questions, and the skills and knowledge needed to ask the
questions and interpret the answers. These styles involve using
•
•
•
•
•
•
•
•
•

“hunches” (past bug experiences, recent changes),
models (architecture diagrams, bubble diagrams, state tables, failure models, etc.),
examples (use cases, feature walkthroughs, scenarios, soap operas, etc.),
invariances (tests that change things that should have no impact on the application),
interference (finding ways to interrupt or divert the program’s path),
error handling (checking that errors are handled correctly),
troubleshooting (bug analysis (such as simplifying, clarifying, or strengthening a bug
report), test variance when checking that a bug was fixed),
group insights (brainstorming, group discussions of related components, paired testing),
and
specifications (active reading, comparing against the user manual, using heuristics (such
as Bach’s consistency heuristics9)).

Why does one explorer rely on one (or a few) of these approaches while another adopts a
different one? We think that part of the answer lies in the explorer’s learning style.

The Felder-Silverman Learning Styles Model
A learning style is a person’s “characteristic strengths and preferences in the ways they take in
and process information”10 These characteristics vary from person to person, and “may be
strong, moderate, or almost nonexistent, may change with time, and may vary from one subject
or learning environment to another”11 for a given student. In their 1988 paper12, Felder and
Silverman proposed a model of learning styles that indicates a person’s predilections on five
continua: Sensory/Intuitive, Visual/Verbal, Inductive/Deductive, Active/Reflective, and
Sequential/Global.13
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A person’s placement on the five continua might help her gain insight about why and when
learning has been more pleasant and perhaps more effective, what blind spots she might have,
and what techniques she might be underutilizing, that could help her learn more in situations that
don’t match her preferred environments.
Please note that a person’s placement on the various continua is descriptive, not normative.
There is no best pattern of results, no best learning style, no inherent superiority of any
placement. Do not feel that you have to “be” a particular learning style. A person who prefers
visual descriptions to verbal ones might still learn (if less enthusiastically) how to work through
a strictly verbal specification. As Felder points out in his “Matters of Style” article14, the model
“provides clues, not infallible labels”.
Felder presents a list of five questions that can be used to define (in part) a student’s learning
style:
1. “What type of information does the student preferentially perceive: sensory—sights,
sounds, physical sensations, or intuitive—memories, ideas, insights?
2. Through which modality is sensory information most effectively perceived: visual—
pictures, diagrams, graphs, demonstrations, or verbal—sounds, written and spoken words
and formulas?
3. With which organization of information is the student most comfortable: inductive—facts
and observations are given, underlying principles are inferred, or deductive—principles
are given, consequences and applications are deduced?

14
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4. How does the student prefer to process information: actively—through engagement in
physical activity or discussion, or reflectively—through introspection?
5. How does the student progress toward understanding: sequentially—in a logical
progression of small incremental steps, or globally—in large jumps, holistically?”15
In the next sections, we explore the continua addressed by each question.

Sensory/Intuitive16
Felder defines a person who preferentially perceives sensory information as one who relies more
on the information he receives through his external senses, while a person with a preference for
intuitive information relies on his internal information (generated from memory, conjecture, and
interpretation) and intuition. These preferences are equivalent to the sensing and intuiting types
on the Myers-Briggs Type Indicator17, and are derived from Carl Jung’s theory of personality
types.
According to Felder, strongly sensory learners are generally attentive to details. They are usually
observant, and tend to favor facts and observable phenomena. They are apt to prefer problems
with well-defined standard solutions and dislike surprises and complications that make them
deviate from these solutions. Sensory learners can be patient with detail and are normally good at
memorizing. They are generally good experimentalists.
Strongly intuitive learners, on the other hand, may be bored by details. They can easily handle
abstraction, and are good at grasping new concepts. Often, intuitors strongly dislike repetition
and they may be careless when performing repetitive tasks. Instead, they like innovation and are
often imaginative and insightful. They respond best to thought problems, and like to emphasize
fundamental principles and mathematical models. Intuitive learners often make good
theoreticians, designers and inventors.

Visual/Verbal
Visual and verbal learners differ in how they best receive information. Visual learners retain
more information they get from visual images such as pictures, movies, diagrams or
demonstrations, and may have problems remembering information they simply hear. Verbal
learners retain more information they hear (or read) such as lectures, written words, and
mathematical formulas. “Most people (at least in western cultures) … are visual learners.”18

Inductive/Deductive
The inductive/deductive dimension deals with how a learner organizes information. An inductive
learner prefers to work from specifics and derive the generalities, while a deductive learner starts
with the generalities and applies them to the specific situations they encounter. Thus, an
15
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inductive learner generally likes to be given a set of facts, observations, or an example and then
to tease out the fundamental principles that support the example. Deductive learners prefer to
learn the basic principles and then determine how best to apply these principles to situations they
encounter.
Induction is described by Felder and Silverman as “the natural human learning style. Babies
don’t come into life with a set of general principles but rather observe the world around them and
draw inferences… Most of what we learn on our own (as opposed to in class) originates in a real
situation or problem that needs to be addressed or solved, not in a general principle…”19
Inductive learners will often need to see the motivation for learning a piece of information before
they can learn it and they need to see an event before they can understand the underlying theory
about it.
At the other end of the continuum, Felder and Silverman describe deduction as “the natural
human teaching style, at least for technical subjects at the college level. Stating the governing
principles and working down to the applications is an efficient and elegant way to organize and
present material that is already understood.” Deductive learners learn best by starting at the
fundamental principles and then learning the applications of these principles to real life and the
problems they encounter.

Active/Reflective
People differ in how they process information once they have received it. Some people need to
use the information right away for it to stick in their memories, while others need to think about
the information and figure out how it fits into their mental framework before they can use it. The
Active/Reflective dimension in the Felder-Silverman model covers this difference.
Active learners want to do something with information as soon as they get it. They might discuss
it with others, either as peers or by explaining it to someone else, or they might experiment with
the information they have received. They tend to like to work in groups and like to find solutions
that work and in general are the people who design and carry out the experiments. If active
learners had a trademark phrase, it could well be “Let’s try it out and see what happens.”
Reflective learners prefer to think about information before they use it. They prefer to work
alone or with at most one other person who they trust. They need time to mentally manipulate the
information to see what they can get from it. In general, reflective learners are the people who
define the problems that need to be solved. The trademark phrase for reflective learners could be
“Let’s think it through first”.

Sequential/Global20
The final dimension in the Felder-Silverman model is that of sequential versus global learning.
This dimension deals with how learners “get” the information they are learning. Sequential
19
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For examples of engineering students illustrating the sequential and global aspects, see Felder’s character sketch
of two students, one of whom (Susan) is a sequential learner and the other (Glenda) is an intuitive learner, in his
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20

learners learn material in a logically ordered progression, learning little bits as they go, and
incrementally building on the knowledge they have already learned. Global learners, however,
tend to learn in chunks. They will spend some time being lost, then suddenly everything will
come together and they will understand the concept.
For sequential learners, each piece of information builds logically on the previous ones.
Sequential learners are strong in convergent thinking and analysis, bringing ideas in together.
They follow “linear reasoning processes” when they solve problems, and their solutions are often
the sort that make sense to other people. Sequential learners often have little trouble in school, as
they learn best when material is presented with increasing complexity and difficulty and they can
work with material that they only partially or superficially understand.
Global learners instead tend to see the big picture. They spend a period of time not understanding
the material, but then a critical piece of information arrives and everything falls together for
them. Global learners tend to be more apt to see connections beyond those presented (often to
completely different disciplines than the one they are learning in at the moment). When a global
learner is solving a problem, she may seem to leap directly to the solution (possibly skipping
intermediate steps) and be unable to explain how she got there to other people. Global learners
tend to need to be able to fully understand the material before they can work with it, however,
and this can lead to problems in school. Once they have this understanding, they can very
quickly assimilate additional related information and often are strong in divergent analysis and
synthesis.
Since the publication of their original paper in 1988, Felder has made two changes to the model.
The first change was the dropping of the “Inductive/Deductive” continuum. We believe that this
continuum provides insight for exploratory testers and so will treat the model as if it still
contained this continuum for our purposes. The second change Felder made to the model was a
word change for the Visual/Verbal dimension. Originally, this continuum was called
Visual/Auditory. We will use the current terminology (Visual/Verbal) throughout the rest of this
paper.21

Applications to Exploratory Testing
Now that we have reviewed the Felder-Silverman model, we can apply this to exploratory
testing, looking at the potential exploratory styles of someone who has a strong preference for a
given aspect (and ignoring, for now, the interaction of aspects from different continua). Again, it
should be stressed that there is no superiority or inferiority implied in a specific aspect or the
lack thereof. Each aspect brings strengths and weaknesses to exploratory testing, and the wellbalanced test team will have members whose learning styles complement each other.

Sensory/Intuitive
So, how would a person who was strongly sensory-based or strongly intuitive-based approach
exploratory testing? The sensory-based person (who you will remember likes details and welldefined solutions to problems, while preferring information gained from his senses) might focus
on his actual observations of the software. The intuitor (with her preference for internally
21
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generated information) might then focus instead on her internal model of the software she is
testing.
The two testers will probably also vary in their approach to performing their testing. The
stereotypic sensor will generally apply “rules and tools” – solutions that have worked in the past
for specific bugs that he can apply in his current testing to determine whether a particular bug
exists. His testing would take the form of a series of experiments on the application. These
experiments will tend to be of the form “Does this specific bug exist”. A strongly sensing tester
may also be more likely to begin testing the product before he creates any models of the software
(mentally or otherwise). He is more likely to consult the specification and other reference
material, and to experiment with the conformance of the documentation and the product. The
learning done by a strong sensor is apt to be more based on experiencing the product. Given the
sensor’s preference for well-defined standard solutions, he is probably going to be more inclined
to develop a standard pattern for approaching exploratory testing. This pattern can develop into a
mental script, shifting the tester’s focus from exploratory testing to scripted testing.
The stereotypic intuitor is more likely to approach the problem instead by applying different
theories of error to the software. She will take a risk-based approach to her testing, thinking of
ways in which the software can fail and then thinking of tests which will show whether the
software actually does fail in that manner. This is different from the sensor’s testing for specific
bugs in that the intuitor is not focusing on bugs she has seen in the past. Instead, she is using her
experience and understanding of the application she is testing to think about all the different
failure modes of the application. It is a subtle difference between the two—a difference primarily
of level of thought. The sensor is taking specific examples of bugs and checking for them. The
intuitor is looking for more general possibilities of failure (each of which may have multiple
bugs associated with it) and then deriving tests that could trigger a particular failure mode. She
will usually like it when her mental model of the software is proven to be incorrect, often
viewing the act of bringing her model back in line with reality as a challenge to be tackled with
great relish.
The intuitor is also more likely to begin testing by building a model of the software. This model
could be a state-chart, a mapping of the software to its market, or some other representation of
some portion of the system. While the sensor is perhaps doing research designed to predict the
behavior of the system, the intuitor might instead be doing research to define and then refine her
models, with the intention of then evaluating the model against the product.
Finally, the two testers will most likely find different exploration styles. The sensor could find
the various attacks described by Alan Jorgensen22 and James Whittaker23 appealing, while the
intuitor might be more drawn to the modeling techniques described by Elisabeth Hendrickson24.
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Visual/Verbal
The major difference between exploratory testers with a strong preference for visual learning and
those with a preference for verbal learning might reflect the internal mental model that the testers
use. Visual learners will tend to work off an internal model that is picture-based. This model
could be a set of UML diagrams, flowcharts, or even mental screenshots. They will also tend to
work off visual portrayals of the steps in the tests they are executing. These portrayals may run
like a movie in the visual learner’s head. Alternatively, visual learners may make diagrams and
pictures for their notes as they explore.
Verbal learners would instead use a textual model for their testing. These models might take the
form of a textual description of the system (perhaps a textual use case format) or they may take
the form of a remembered conversation. The model will be based around words – the tester will
use words to describe the system to themselves and words to describe each step in the process.
In addition to their internal models, these testers may also differ in the types of specification
documents they try to get from their analysts and developers. Visual testers probably will be
more comfortable working with visual models of the system – the state charts, UML diagrams,
flowcharts and other representations the people designing and building the software use to help
clarify things for themselves. Verbal learners, on the other hand, are likely to be happier taking
the textual specification for the system and wading through it, learning as they go.

Inductive/Deductive
An inductive learner may adopt an approach to testing where she gathers as many specifics (such
as techniques, potential defects, changes made to the application, and application history) as
possible and generalize them to the application. A deductive learner might instead approach
testing by keeping a collection of general principles and heuristics and find ways to specifically
apply these generalities.
The inductive learner will likely take advantage of historical data – looking at the available
defect reports, the technical support database, published articles about the software being tested
and about similar programs, and any other historical documents that she can get a hold of. From
these documents, the inductor will derive a set of specific guidelines that she then can use to
guide their testing. For example, the application being tested may have a history of defects in one
particular area. An inductor would take the specific fact of the large number of defect reports and
generalize it to show that there could still be a large number of defects remaining in that
application area, and thus focus more attention on that area than on another area which has had
no defects reported historically. While an inductive learner is using heuristics for this approach,
it is less apt to be a deliberate usage than we believe the deductive learner will have.
The deductive learner starts with a collection of general heuristics and guidelines and then
consciously applies them to the application. Many of the traditional techniques of software
testing are deductive – the tester learns the basic skill (such as equivalence partitioning) and then
determines how to apply it in the specific situation of her testing.

We expect there will also be differences in how deductive and inductive testers use bug
taxonomies25 and risk lists. We expect the deductive tester to gain familiarity with the categories
and then be able to come up with new examples within those categories. The inductive tester, on
the other hand, is expected to gain an understanding of the various list elements and then be able
to see new ways of categorizing them.

Active/Reflective
Active and reflective testers differ most in how they execute tests. An active tester will usually
do very hands-on testing. She often will perform many test cases rapidly and will view each test
case as an experiment, asking, “What happens if I do this?” each time. An active tester will also
tend to be more visibly a part of a testing group, often bouncing ideas and results off other
members of the group to solicit their feedback.
A reflective tester, on the other hand, is apt to do far fewer tests. A thought process will precede
each test case where the tester is thinking through the test. Reflective testers make up for their
lack of speed in test execution by executing the “good” tests that are most likely to find bugs,
however. Most reflective testers will probably tend to prefer to work alone or with at most one
other person, and so may seem anti-social or outside the group. This isolation and thinking
should give them the time to develop more complex tests and scenarios to apply to the
application, and thus they should be encouraged to take the time they need.

Sequential/Global
The last pair of aspects we have to consider is the sequential and global aspects. A sequential
learner builds information and knowledge in a logical progression, while a global learner needs
critical pieces of information in order to get the understanding of the subject.
The sequential tester will seem to get off to a faster start. He will build test plans as he goes, step
by step. Not having a piece of information will not normally prove to be a problem for a
sequential tester, as he will work with the information that he does have. He also will be able to
explain his tests clearly to people after he has performed them. In general, a sequential tester’s
test cases will grow in complexity over time as he builds a deeper understanding of the system.
A global tester will get off to a slower start. He may have problems understanding the point of
the application (or their area within it) and need to be shown how to use the application in order
to have any idea how to test it. Once he gets the piece of information that brings it all together
for him, however, he quickly becomes able to create detailed, complex tests that often draw on
connections that other people on the testing team have not seen.

Wrap-up
We are interested in the Felder-Silverman model of learning styles because it gives us hints
about why different testers adopt different exploratory strategies. If those hints are validated, we
will be better able to create effective sets of lesson plans and exercises to train explorers. Testers
with exploratory testing experience might be more able to discover their blind spots or identify
25
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techniques that would not otherwise occur to them. Test managers will be more able to determine
where there may be gaps in their testing teams and what kinds of skills they need to bring in to
balance the team.
Much work remains to be done before the impact of learning styles on exploratory testing is
completely understood. Each individual aspect needs to be explored in more detail for
connections. The aspects must be looked at in combination (for example, how is someone who is
strongly intuitive AND strongly verbal going to differ from someone who is just strong in one of
those two aspects?). Experimentation must be performed to validate the claims. We believe it
will be an exciting process; one that we hope will attract the interest of many people in the field.
As we further our research, we will be documenting our research in two places – papers on the
lab web site (http://www.testingeducation.org) and in our weblogs (at
http://blackbox.cs.fit.edu/blog/andy and http://blackbox.cs.fit.edu/blog/kaner).
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