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Pedagogical Prisms: Toward Domain Isomorphic Analogy
Design for Relevance and Engagement in Computing Education

Briana Bettin
Michigan Technological University
Houghton, ML, USA
bcbettin@mtu.edu

ABSTRACT

Analogy is a frequently leveraged pedagogical tool used across
many disciplines, with computing being no exception. Computing
education researchers, however, have raised concerns regarding
the limitations of analogy. One obvious concern is the relevance
of any given analogy to learners. Designing relevant analogies can
greatly increase student engagement with the problem space by
centering examples on their lived experiences. Relevant analogies
can also facilitate learners in building appropriate connections as
they explore novel concepts.

Designing relevant analogies is an ongoing process which re-
quires understanding the learners’ context. It is unlikely that any
given analogy will be “universally” relevant across learners, prob-
lems, and decades. This poses an interesting problem for instructors:
how can we adapt analogies to learners so that they are engaging
and relevant, while maintaining the desired pedagogical value?

This position paper presents a framework for analogical design
in computing education. We leverage what is described here as
domain isomorphism: the ability to modify the domain in which an
analogy is based while still maintaining the intended analogical
structure. Through this design approach, we suggest that instructors
and researchers may confidently, and in a timely fashion, redesign
analogies to be relevant and engaging for a given group of learners.
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1 INTRODUCTION

Analogy is a common pedagogical communication tool used by
instructors and researchers alike to elicit comprehension of often
challenging concepts. While analogies may be leveraged to aid
understanding, this understanding relies on the ability to reason
about the generalized abstraction the analogy represents. This can
be exceptionally difficult if the domain the analogy is drawn from
is not fully understood by, or relevant, to the learner. Being able
to develop analogies which are relevant to learners is important
for successful learner engagement and understanding. Given di-
verse cultures, prior knowledge, and lived experiences, instructors
may find that previously successful and pedagogically sound analo-
gies are not useful with different learners or in new contexts. An
instructor’s ability to take useful analogies and change their do-
main to one which is more applicable may allow these analogies to
find new relevance and value among learners. This may also foster
greater inclusion of diverse perspectives and experiences within
analogies used in the classroom by centering the focus on if the
abstraction mapping holds, regardless of domain. The ability to
“shift” the domain of an analogy is termed by the authors as domain
isomorphism. We present domain isomorphism itself as a poten-
tially valuable tool within computing education. We will ground
discussion of domain isomorphism in examples using the analogy
design framework presented.

2 BACKGROUND

2.1 Computing Education and Analogy

Computing Education Research (CER) has had a somewhat fraught
relationship with analogy. Despite the established value of analogy
as a cognitive reasoning process [2, 26, 29, 30, 32, 33, 36] and a means
of communicating educational concepts [11, 12, 19, 28, 34, 45, 49],
research specifically targeting analogy within CER has been rather
limited. While CER studies focusing on computational analogy do
exist [7, 10, 16, 24, 39, 54], broader discussion is often targeted at
perceived deficits of analogy as a pedagogical tool [17, 21, 37, 53].

Shifting tides have advocated benefits of analogy in spite of these
perceived difficulties. Guzdial’s Communications of the ACM post
[35] argued for re-evaluating our perception of Dijkstra’s [17] his-
toric opposition to analogy in computing education. Bettin and Ott
[4] provided a review of the cognitive value of analogy, analogy
use across STEM disciplines, and proposed “roots” of analogy reser-
vations within CER, and also explored how students in an upper
level computing course leveraged analogy to understand two major
course programs [5]. Harper [38] investigated approaches to help
scaffold and evaluate student-generated CS1 analogies. Methods
for exploring pedagogical viability of comics, which are an example
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of a visual analog communication, have also been explored within
computing contexts [3, 57].

Notional machines describe expert conceptual models, which
as conceptual models used for instruction, are by nature analogies.
Literature on notional machines is increasingly popular within CER
[13, 14, 20, 41, 56]. However, notional machines being analogical
tools is inconsistently noted within the research. As such, relevant
methods and approaches from analogical research may not be ap-
plied to notional machines and similarly, perceptions of analogy
can be somewhat disjoint from that of notional machines with CER.

2.2 Culturally Responsive Teaching

A student’s culture shapes their pedagogical environment, their per-
ceptions, and their motivations within the classroom [52]. Cultur-
ally responsive teaching [25, 48] requires that instructors consider
how culture and lived experiences can impact pedagogical outcomes
and perspectives. Additionally, culturally responsive teaching pro-
vides diverse examples, perspectives, and praxis throughout the
curricular material. Work in culturally relevant pedagogy [43] is
also considered foundational within a shared, ever-growing land-
scape and history [1, 9, 15, 46] of culturally conscious approaches.

The National Academies Press expands on designing “authentic
experiences” in order to foster interest and competency in comput-
ing [50]. This suggests the importance of “real world” situated and
culturally responsive approaches. Cultural responsiveness within
computing has been explored through a variety of learning envi-
ronments and targeted activities [18, 40, 47].

Pedagogy which centers relevant examples to student experi-
ences and culture requires understanding. Cultural competency has
been found to be historically lacking within computing education
[59], though this space is growing [42, 51, 55, 58, 60]. Within all
spaces, communication can help improve understanding. Dialogic
methods, in particular, can aid in understanding, synthesis, and per-
spective as conversation participants refine their understanding of
each other through this “gap closing” [44]. Thus, instructors within
computing who foster greater communication and discussion with
and among students may find better success in understanding their
students and being able to develop relevant examples. STEM class-
rooms more generally have seen effectiveness in dialogic meth-
ods creating greater understanding of the communicated concepts
[22, 23].

3 AN ANALOGY DESIGN WORKSHEET TOOL

The Outlining Programming Analogy Layout (OPAL) design
worksheet was developed to help computing educators and educa-
tion researchers focus on the purpose of their communication when
creating or using an analogy. OPAL helps specify programming
analogies centered on the structure rather than on elements alone.
An example of a completed OPAL design worksheet is shown in
Table 1. OPAL can be leveraged across computing courses to plan
and review analogy design.

3.1 OPAL’s Theoretical Underpinning

OPAL'’s scaffolded approach to analogy design is guided by sem-
inal work in cognitive and learning sciences. Gentner’s work on
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the cognitive process of structure mapping for analogical reason-
ing focuses on relational structure over elements [26-29, 31, 32].
Through Gentner’s work, it can be seen that a “good” analogy es-
tablishes strong relationships between consistent elements (often
referenced as entities in the literature). Analogies mapping key
relationships across their elements elevate their relational system-
aticity and preserve an overall structural schema. Through this lens,
discussion of whether an analogy is “good” or “bad” should focus
on the in-context structure it establishes. A design tool such as
OPAL, therefore, should encourage paralleling relationships across
the source and base domains.
To summarize, a well-structured analogy is designed with:

(1) recognition of a concept to be communicated

(2) identification of the target domain’s entities

(3) identification of the source domain’s entities

(4) knowledge of the relations to be represented by the domains

(5) comparable relation and entity representation across both
domains

OPAL has five key components to guide analogy design:

(1) Identification of the context for an analogy

(2) Target domain (programming) procedure

(3) Source domain (analogous) procedure

(4) Clearly defined relationships (relational arc) comprising each
domain’s procedure

(5) General structure relating the domains of both procedures

3.1.1 How Can a Component Based Approach Help? Gick and
Holyoak [33] provided valuable groundwork for choosing to frame
analogy “segments” across relationships. They adapted a Means-
Ends Analysis (MEA) utilized by Carbonell [8] to compare analo-
gous components within their study design. While this approach
was used to evaluate an existing analogy (not create one), this
provided guidance on analogy form analysis.

OPAL is focused on describing some observable process oc-
curring across the source and target domains. OPAL’s approach
considers actions and their results. This helps achieve development
of systematic relations: “If X action results in Y in the target domain,
what action achieves comparable results to the entities in the source
domain?” Explanatory analogies within education often compare
sources to targets in order to explain expected or resultant phenom-
ena in the target: “Here, [target] A acts sort of like [source] B [...]” or
“What happened here is kind of like [source] C [...]”. This focus also
requires analogy to be situated. Programming actions and comput-
ing phenomena do not occur in a vacuum — some context exists
that motivates the use of analogy in educational settings.

OPAL'’s focus on “action and reaction” scenarios fits program-
ming contexts: an action we engage with and observe the results
of. Instead of focusing on element-based analogy claims such as
“a variable is like a box”, OPAL re-frames the discussion as “what
specific process am I explaining in which a variable and a box behave
similarly?” This framing requires appropriate relational structure be
present in the analogy’s design. Not every scenario we may analo-
gize with variables translates to “a box” (such as, to use another
entity-based claim, when “a variable is like a label”). By centering
the process of specific contexts, solid analogies for that phenomena
are more easily identified through their relational structure.
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Table 1: Design Worksheet Example: Final Array Position at Length-1—A Hallway

Identification of Analogy Context
Misconception Index values are zero to the length of the array
Desired Knowledge Index values are zero to the length of the array - 1
Comparison of Analogy Procedure Across Domains
Source Domain Target Domain
Domain A Hallway Programming (Java, Arrays)
Precondition Leave end-of-hall hotel room and stand in hall- | Have a defined array to iterate over inside a
way with rooms are along one side. looping control flow in your code.
Required Action Your door is zero steps away. Each step takes | Start at element position zero and increment by
you to another door. Count as you move. one each iteration.
Postcondition It will have taken doors-1 steps to reach the end | The last element in the array will be iterated to
of the hallway. at index position length-1.
Constraints None. None.
Analysis of Common Structural Elements
Precondition Being at start point of a collection of elements.
Required Action Incrementing to each element one movement at a time.
Precondition The amount of movements required is number of elements - 1.
Constraints None.

4 OPAL AND DOMAIN ISOMORPHISM

An analogy maps “source” (known) knowledge to “target” (to learn)
knowledge. These sources and targets are referred to as “domains”
for the analogy. The concept of domain isomorphism then is
used to refer to the ability to change one source domain to another
source domain (or target to another target) while still preserving
the analogical mappings of the remaining target (or source).

Given that OPAL centers analogies with a programming target,
target domain isomorphism is not relevant to this paper. However,
source isomorphism would allow for instructors to still leverage the
same programming concept as target while changing the source
knowledge to more relevant (or simply additional) examples. Being
able to generate new sources may allow for instructors to incor-
porate greater cultural responsiveness, and to adapt to learner
experiences and culture when a source is unknown to the student.
Beyond finding some single source that is relevant, leveraging mul-
tiple source domains when thinking analogically has demonstrated
pedagogical value [28, 45, 49]. In several instances, this value ap-
pears to stem from the necessary comparison and abstraction used
for analogical reasoning. Additional source domains allow con-
founding details that may exist within a singular source domain to
be more easily abstracted away through attempts to find common-
ality across the examples.

The “Analysis of Common Structural Elements” portion of OPAL
is the component which can best encourage and validate domain
isomorphism. With a well-reasoned analogical structure, additional
source domains can be generated by validating them against this
structure. This allows “pivoting” source domains with confidence
that the analogy is still well-formed. If the critical target entities and
relationships for understanding intended meaning are consistent
with the new source, that source is able to effectively map to this
analogical context.
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4.1 Common Structure Analysis

The final design step in using OPAL is an abstraction exercise, as-
serting the general structure of the analogy by characterizing
the relationship between the target and the source. This process
encapsulates how reasoning about the source domain is expected to
generalize to understanding in the target domain. Arrays and hall-
ways in Table 1 both correlate to the general concept of numbered
and ordered locations where the numeric ordering starts from some
fixed beginning. In both of these cases, if we start from the element
at the beginning, we do not need to move to view the item. If each
“movement” allows us to see one more item, we will thus see all
items with “number of items minus one” movements.

4.2 Domain Isomorphism was Identified With,
But is Not Exclusive to, OPAL

OPAL is described and leveraged in this paper in order to provide
concrete examples which showcase common structural elements
that promote domain isomorphism. Finding isomorphic analogies
was of interest when developing OPAL, but it was through using
OPAL that a path forward was identified. As a result, OPAL is the
central tool in how we came to and illustrate domain isomorphism
and its benefits. Despite the presentation using OPAL, domain
isomorphism is ultimately a property of the analogy itself.

5 AN OPAL ISOMORPH EXAMPLE

A relevant example of domain isomorphism’s value occurred while
we were working to apply OPAL developed analogies within our
CS1 course’s labwork. Example analogies had been developed for
instructional use during each week, with the week on File I/O being
no exception. While the examples that had been developed for this
week posed no notable structural issues for the instructional team,
some source domains posed significant issue at the time of use. The
original example source domains for analogies from the File I/O
week referenced a Pandemic, Lockdown, and Family Illness. Each
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Table 2: Example of a File I/0 Based Domain Isomorphism: Pandemic to Nuclear Radiation

Domain Isomorphic Original: Try Blocks - Pandemic
Identification of Analogy Context
Misconception Only first instance of possible exception needs to be in a try block
Desired Knowledge Any code that could be affected by the exception must be in a try block
Comparison of Analogy Procedure Across Domains
Source Domain Target Domain
Domain Pandemic Programming (Java, File Exceptions)
Precondition A contagious disease is identified. Code that can throw an exception.
Required Action Anything that could spread the disease is quar- | All code the exception can affect is in a try block.
antined and sanitized for safety.
Postcondition The disease should not be able to spread. The | The exceptional circumstance should be safely
situation is contained and able to be handled. | contained for catching and handling.
Analysis of Common Structural Elements
Precondition A potentially dangerous situation.
Required Action Anything that could be affected has cautionary measures enacted.
Postcondition The situation should be appropriately contained for handling.
Constraints None.
Domain Isomorphic Revision: Try Blocks - Nuclear Radiation
Identification of Analogy Context
Misconception Only first instance of possible exception needs to be in a try block
Desired Knowledge Any code that could be affected by the exception must be in a try block
Comparison of Analogy Procedure Across Domains
Source Domain Target Domain
Domain Nuclear Radiation Programming (Java, File Exceptions)
Precondition An unusual substance that emits toxic nuclear | Code that can throw an exception.
radiation is located.
Required Action Any objects the substance touched that could | All code the exception can affect is in a try block.
also have radiation must be contained.
Postcondition The radiation should not be able to spread. The | The exceptional circumstance should be safely
situation is contained and able to be handled. | contained for catching and handling.
Constraints None. None.
Analysis of Common Structural Elements
Precondition A potentially dangerous situation.
Required Action Anything that could be affected has cautionary measures enacted.
Postcondition The situation should be appropriately contained for handling.
Constraints None.

Briana Bettin and Linda Ott

of these analogies was developed prior to the COVID-19 pandemic,
which — apart from the terrible loss of life that occurred on a global
scale — caused mass stay-at-home expectations and isolation to
prevent spread. Using the original analogies with students after
campus closures would have certainly been “relevant” and “under-
standable”, but incredibly insensitive to the gravity of the then lived
experiences of some of the students.

The common structural elements of the previously developed
analogies provided a general structure which made modifying the
originals rapid and rather effortless. These analogies were quickly
reworked, to source domains of Nuclear Radiation, A Bank Robbery,
and Home Repairs. The Pandemic example and its isomorphic shift
to the Nuclear Radiation example is shown in Table 2. Tables for
the other two examples were also created, but in the interest of
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space cannot be included here. In reviewing Table 2, one can see
that the “Common Structural Elements” segments of both analogies
remains the same, and similarly, that the programming target to
be communicated has also stayed the same. The new isomorphic
analogy still fits the information we wish to communicate with the
analogy, but the source has shifted. However, this source can still
be compared to the generalized schema and seen to “fit”, which
is assurance that the analogy presents a relevant entity-relation
structure. This assurance gives the ability to pivot source domain
rapidly with confidence that the analogy has structural relevance.

6 MORPHISM AS PART OF DIALOGUE

Analogy as a communication tool can be (and often is) used to
facilitate dialogue. Given the displayed success of dialogic methods
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in scientific classrooms in the research, dialogue is a pathway worth
exploration when considering analogical methods. Dialogue and
communication are by nature morphic processes. Communication
is conducted with the intent to be understood. When we receive
feedback on our communication and engage with that feedback,
it becomes dialogic. This cycle of “gap closing” through dialogue
often results in the original conversation landscape shifting.

OPAL’s structure can provide a useful grounding when dialogue
morphs non-isomorphically. OPAL’s design allows conversation
participants to impose contextual boundaries in the entities, rela-
tions, and targeted knowledge as dialogue shifts. If a learner and
facilitator are engaging in a dialogue which includes an analogy, the
learner may showcase some misapplication of the analogy through
this dialogue. This may be due to the facilitator misunderstanding
the context of the problem the learner is trying to understand (thus
using an ill-fit analogy), or the learner “overextending” the analogy
beyond the context it is being used to model. Considering OPAL, an
instructor may be able to recognize that the learner is identifying a
problem that does not fit the intended analogy design, or is extend-
ing the scope beyond the analogy fit. This recognition can allow the
conversation to morph non-isomorphically and bridge knowledge
by tending to “the gap” that was seen through the non-isomorphic
transition. This dialogue is also not one way - a facilitator misun-
derstanding a learner may be “course corrected” back on track by
the learner implicitly recognizing these disconnects as well.

The value of isomorphic shifts may also be seen in dialogue. A
misunderstanding (or lack of awareness) of the source domain may
become apparent during a conversation. This can prompt a natural
flow to rectify the misunderstanding and “close the gap”, in this
case through an isomorphic shift or clarification of the existing
source domain.

6.1 An Example of Morphic Dialogue in Action

One analogy-based morphic dialogue is employed quite often by
Author One when working with students on understanding ob-
jects in Intro Programming. Students can struggle with how to
approach object-oriented design, and understanding the difference
between objects and classes. When students visit office hours with
these questions, Author One inquires first about the student’s inter-
ests and hobbies. From Pressed Pennies to Hockey Players, Stamps
to Dogs, Author One has seen a fair amount of interesting top-
ics shared by students. Despite the difference in source domains,
the same dialogue with students can occur, guided conversations
where students co-create providing relevant information through
questions and prompts like:

e “What properties would we want to represent for any [Dog,
Hockey Player, Stamp]?”

e “What actions would we want those things to do, or to be
able to do with those things, if we were programming [A
Dog Park, a Hockey Game, Our Collection]?”

e “These actions and these properties represent things each
[Dog, Hockey Player, Stamp] should have and do, but it’s
just a template - this isn’t [Your Dog, The Star Hockey Player,
An Antique Stamp], but a way for us to organize information
to create that thing”
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These dialogues are clearly morphed to fit for the student attending
office hours, but maintain a common structure and approach that
addresses the similar nature of the questions. One can see how
the components of this conversation could be transformed to fit
into OPAL’s flow. The knowledge of common analogical structure
elements allows for these conversations to quickly pivot to new
source domains in order to adapt to student needs, interest, and
understanding.

7 RELEVANT & ENGAGING ISOMORPHS

Domain isomorphism appears to be a key method by which analogy
can move from a general tool for pedagogical engagement to a
culturally responsive tool for pedagogical engagement, provided
this is grounded in communication and dialogue.

Isomorphic source domains allow for the potential impact an
initial analogy has to expand in unique directions. Analogies are of-
ten developed from our own lived experiences or what we perceive
as relevant examples - but these may not be relevant, engaging, or
understood by students. A “well-formed” analogy does no good to a
student who is not able to find relevance with the source domain. If
a student is struggling to understand the source domain presented,
they will be unable to analogically reason and find no value in
the analogy. However, if the source domain of that analogy can
isomorphically changed to meet the student and their relevant prior
knowledge, the “pedagogical value” of that analogy is preserved
while relevance to the student is heightened.

Engaging students with the analogy making, sharing, and rea-
soning process can also offset some difficulty instructors may face
in identifying relevant analogs. While learners may not always
come up with viable domains, and instructors should always strive
to create positive relevant examples, the ability to incorporate stu-
dent voice, choice, and perspectives can be one path to minimize
missteps and maximize value for both learners and teachers.

Culturally responsive teaching centers prior learner knowledge
and experiences alongside the importance of diverse examples [25].
Isomorphism can allow pedagogically valuable analogy structures
to be designed to a learner’s lived experiences, prior knowledge, and
cultures. Examples grounded in the lives and interests of learners
are also likely to be more engaging: both in that learners are able to
engage with and understand the analogy, as well as learners feeling
that the material is interesting and relevant to them.

Methods aligned with culturally responsive teaching are not only
in the best interest of diverse groups of learners. These methods can
create what is known as a “curb cut effect” (a United States term for
sidewalk concrete grading down to smoothly meet the street) [6].
“Curb cuts” build accessibility into the design, which can generate
new value and (in this context) learning fit for all students, includ-
ing those considered historically privileged within the classroom
environment. Further, the process of finding culturally and experi-
entially relevant examples is also likely to benefit overall classroom
climate and engagement through greater understanding. Commu-
nications and dialogue aimed at finding these examples can engage
instructors in understanding learners, learners in understanding
each other, and results in a greater quantity of increasingly relevant
analogies within the context. Further, dialogue via discussion in
and of itself is an engaged active learning method.
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7.1 Feasible Instructional Applications

Leveraging the common structural elements for specific program-
ming contexts can allow instructors greater flexibility in designing
analogical pedagogy activities. Instructors may find new activities
which encourage creative analogical reasoning via guidance on the
common structural elements central to the lesson.

Instructors might, for example, guide students to develop their
own analogies related to the current programming concept and its
properties in group or classroom-wide discussion activities. Such
activities could encourage collaborative and creative dialogue cen-
tering the targeted programming knowledge and guided by the
overarching “common analogical structure”.

Identified relevant source domains that students generate can
continue to be leveraged and can be used to guide dialogue and
examples throughout the course. In addition, student generated
domains might serve as examples in future courses, adding to the
“possible analogies” derived from a common structure. These stu-
dent examples can provide additional source domains to help other
students further their analogical reasoning and development of
generalized schema, promoting understanding.

8 FUTURE WORK

Further work on OPAL is planned, including more exploration of
usability by instructors, researchers, and students. Studies leverag-
ing OPAL analogies for classroom effectiveness are also planned.
We are considering the possibility that any resulting effectiveness
may be seen in less traditional metrics such as engagement [36] as
opposed to a performance measure. Further, the dialogic application
that is encouraged by the authors is likely to somewhat complicate
the analysis, and greater exploration into appropriate methods for
this will need to be explored.

The relational structure present in OPAL somewhat parallels
the nature of a typical story (setup-action-conclusion). Thus, sto-
rytelling and narrative use in computing pedagogy may also be
relevant. Using story and narrative as a vehicle for analogy can
encourage conjuring appropriate context even if one lacks prior
knowledge (such as how works of fiction encourage conjuring of
scenarios we have never been in). This may result in context gener-
ation by learners through the analogy’s particular form, as well as
potentially promoting engagement. Storytelling is also a knowledge
passing tradition among cultures, suggesting a key intersection of
analogy and cultural relevance.

9 CONCLUSION

Activating relevant prior knowledge for any learner can help them
reason about and assimilate new knowledge. Analogy is a powerful
tool in promoting this activation, provided that the sources used are
relevant to the learner and that the analogical structure is relevant
to the problem space. The OPAL framework tool described in this
paper provides scaffolded elements which can help to facilitate piv-
ots in pedagogical dialogue to ensure that analogies have impactful
outcomes. Specifically, the common structural elements identified
using OPAL can allow for confidence in isomorphic source domain
shifts. The ability to shift domains quickly in order to address gaps
and promote analogical reasoning among learners can promote
development of more examples with greater cultural relevance to
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the learners. This in turn may increase both understanding and
engagement. This may also allow the classroom community to con-
nect more meaningfully through better recognition and inclusion
of each member of the learning community’s lived experiences and
knowledge.
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