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ABSTRACT 

In recent years, several research projects have introduced 
elementary school teachers to computational thinking as a first 
step in familiarizing students with computer science concepts at 
an early age. A consistent challenge reported in these initiatives 
is teaching abstraction. This position paper offers preliminary 
recommendations for abstraction pedagogy in elementary 
education. These suggestions stem from an analysis of unplugged 
abstraction examples showcased during a summer institute on 
computational thinking. 

By examining commonalities among abstraction examples,  
key parts of the process of abstraction pertinent to elementary 
classrooms were identified: (1) the abstraction process is typically 
performed in reverse since students in elementary school are 
given abstractions to start with; (2) evaluation of concrete details 
to support an abstraction is part of the filtering step of abstraction; 
(3) in the absence of evaluation criteria, pattern recognition can 
be applied to a set of concrete examples to extract characteristics 
of an abstraction; and (4) abstractions can be supported by not 
only concrete details but other abstractions which students will 
need to develop an understanding of before fully comprehending 
the initial concept.  

Preliminary recommendations for abstraction instruction 
include having students evaluate examples; engaging students in 
pattern recognition to extract characteristics of an abstraction; 
developing student fluency in describing abstractions, their 
supporting examples, and characteristics; and assessing students 
by asking not only for examples of abstractions, but for their 
characteristics as well.   
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1 INTRODUCTION 
Wing's call to teach computational thinking (CT) in schools [1] 
ignited a series of research projects introducing CT through 
teaching [2,3,4,5]. Through these projects teachers across the 
nation have engaged in professional development (PD) to learn 
how to teach CT in hopes of promoting the use of these skills in 
their students. One repeated theme across these PD projects is that 
elementary school teachers report difficulty teaching the CT 
concept of abstraction across the curriculum [2].  

Our conjecture is that the difficulty teachers have in teaching 
abstraction across the curriculum stems from a gap in abstraction 
literature. There is a rich history of research describing 
abstraction [6], and a more recent focus on identifying pre-
existing examples of abstraction in the elementary classroom in 
various core subjects [7]. But the research has yet to identify a 
clear abstraction process that educators can use across the core 
subjects of the elementary curriculum. 

In this paper, we outline a series of abstract concept maps 
utilized to organize worked examples showcasing abstraction 
across various subjects within the elementary classroom. Through 
a comparative analysis of these abstract concept maps, we identify 
a unifying process of abstraction that spans the curriculum and 
distill the essence of abstraction for elementary classrooms. Our 
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paper presents preliminary recommendations for a cohesive 
abstraction pedagogy tailored for elementary education. 

2 ABSTRACTION 
Abstraction is considered essential to computational thinking [8] 
and a key skill for success in computing [9]. While simple 
definitions of abstraction exist, continued scholarship regarding 
abstraction has revealed many complex details that at once invite 
and resist synthesis [6, 10]. 

In its most basic incarnation, abstraction is the process of 
creating a simplified representation from more complex detail; it 
is also the end-product of such a process, so simplified 
representations can themselves be called abstractions [11]. 
Examples of abstractions include words [12], which contain 
detailed meaning; pictures or drawings, which can be 
representations of three-dimensional real-world objects [13] (or 
of a thousand words, as the saying goes); and computer 
simulations, which can model large complex systems or 
phenomena [5, 14]. 

Abstractions exist on a continuum, and an abstraction at the 
correct level, where lower levels contain more detail and higher 
levels contain less detail, can communicate just the right 
information for an intended purpose [15]. Conversely, the process 
of abstraction gone awry can result in an abstraction containing 
too little or too much detail [16]. 

2.1 Filtering vs. Generative Processes 
The process of abstraction often results in a category or 
generalization about a set of details [17] or captures the essence of 
a set of details [18]. These results can be achieved through a 
filtering or generative process. 

Abstraction through filtering can be accomplished through 
two variations: through decomposition to isolate meaningful data 
and exclude less important details; and via generalization, which 
involves applying pattern recognition across a set of similar data 
and finding commonalities to create a category [9]. The 
combination of these main variations is called extraction and is 
similar to Piaget's idea of empirical abstraction [19], which is 
abstraction that derives knowledge exclusively from a person’s 
observations [18]. In CT literature, abstraction is most commonly 
defined as the filtering of details [8, 18].   

Less commonly emphasized in CT literature, but perhaps more 
powerful [18] is the idea that abstraction can be generative: the 
process of abstraction can create new meaning that was not 
previously understood, perceived, or even present in the original 
details [20]. This ties in nicely with Piaget's reflective abstraction 
where the process of reflecting on lower-level observations and 
experiences results in new higher-level understanding [19]. A 
good example of reflective abstraction can be found in  the  poem 
“The Red Wheelbarrow” by William Carlos Williams [1938/1986]: 

 
so much depends 
upon 

 
a red wheel 
barrow 
 
glazed with rain 
water 
 
beside the white 
chickens 
 

Simply applying empirical abstraction to this poem would 
merely result in the understanding that the poem is about “wet 
wheelbarrows and chickens.” However, applying reflective 
abstraction to the poem generates a wholly new idea which did 
not even exist as a detail to highlight: that reflective abstraction is 
crucial to transforming our observations into understanding of 
the greater themes of the world around us. 

2.2 Other Abstraction Variants 
More specific variations of abstraction exist and are often 
associated with a particular context. Metaphor is an abstraction 
suffused with meaning in literature, but also in computer science, 
affording readers and users greater understanding of the story or 
sub-system to which the metaphor is applied [22]. Abstraction as 
chunking is mentioned in educational theory [23] and in computer 
science [24] to allow students and programmers quick access to a 
larger set of knowledge or programmatic behavior through a 
simplified concept or defined function. 

2.3 Abstraction in Computer Science 
Abstraction in the context of computer science displays additional 
characteristics: the existence of abstraction layers [8] and the need 
for abstraction as structure identification [24]. Layers of 
abstraction are a type of abstraction that breaks a large complex 
system into a hierarchical structure, where each layer contains its 
own semiotic register—a particular vocabulary and specific rules 
[20]. Relationships between layers are further abstracted through 
structure identification, revealing the nuances of how layers or 
decomposed parts should interact with each other [24]. Through 
abstraction layers, computer scientists can separate their concerns 
and focus on a single layer of a complex system and move easily 
between layers if necessary.  

Similar sounding to abstraction layers, yet drastically different, 
a hierarchy of abstraction levels defined by Perrenet, Groote, and 
Kaasenbrood [2005], commonly known as the PGK-hierarchy, 
describes four abstraction levels a programmer must freely and 
expertly move between to develop a successful program: the 
problem, algorithm, code, and execution level. While abstraction 
layers in computer science describe how multiple technologies or 
designs are built one on top of another and interact with each 
other, these abstraction levels describe different perspectives 
through which a single computing solution must be analyzed. 
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3 THE IRONY AND PARADOX OF 
ABSTRACTION 

A listing of all the vocabulary associated with descriptions of 
abstraction in literature is enough to overwhelm even the most 
seasoned academic, let alone an elementary teacher learning 
about abstraction for the first time: decomposition, generalization, 
empirical abstraction, generative, reflective abstraction, metaphor, 
chunking, abstraction layers, semiotic register, structure 
identification, and abstraction levels. It is unclear which is the 
greater irony: that abstraction itself is in need of abstraction or 
that computer scientists—themselves experts in applying 
abstraction to develop elegant solutions for a multitude of 
complex computing problems—struggle to develop an elegant 
definition of abstraction. There may be a clear reason behind this 
struggle, which is the dependence of abstraction on context and 
purpose [15]. How a person uses and understands abstraction will 
depend entirely on whether a particular problem or context calls 
for extraction, generative abstraction, or creating abstraction 
layers for a large system. Thus, one act of abstraction may look 
completely different in one context than in another.  

The paradox of creating a single unified definition of 
abstraction is that a complete definition of abstraction contains so 
many elements as to be abstruse and that abstraction would be 
needed to simplify the definition. Yet, a simplified and likely 
decontextualized definition of abstraction might be useless in 
practice, since application of abstraction would happen in a 
specific context, and thus would require context-specific details 
that had been abstracted out during the creation of the simplified 
definition of abstraction. It may be that abstraction needs a 
definition for each context in which it is applied. 

4 ABSTRACTION IN ELEMENTARY 
EDUCATION 

This position paper presents a set of recommendations for 
abstraction pedagogy in elementary education based on 
preliminary observations from an attempt to teach abstraction to 
teachers. To create a targeted learning experience, researchers 
asked teachers to first identify problems of practice that could be 
solved with abstraction. Those problems were then used as models 
in which to apply abstraction and derive exactly what aspects of 
abstraction were used in solving them. Lastly, pattern recognition 
was applied across the set of abstraction solutions to abstract a 
precise understanding of abstraction specific to the context of 
elementary education. 

4.1 Context 
The work presented here was developed in the midst of a five-day 
unplugged computational thinking professional development 
(PD) summer institute during the first year of a three-year 
CSforAll:Research Practice Partnership. Twenty elementary 
teachers from three school districts in the Pacific Northwest 
region of the United States were given a two-day introduction to 
CT and four core CT concepts: pattern recognition, algorithms, 
decomposition, and abstraction, also known as the PRADA 

elements [2]. In the remaining three days, teachers were tasked 
with creating lessons for the ensuing school year that integrated 
one or more of the four CT concepts into the four core subjects of 
English language arts, mathematics, social studies, and science, as 
well as social-emotional learning. 

4.2 Abstract Concepts Maps 
Results from an exit survey administered immediately after the 
PD’s “Intro to Abstraction” lesson revealed teacher difficulty with 
the concept of abstraction. In response, the first author developed 
multiple additional mini supplemental abstraction lessons that 
modeled the use of abstraction to teach topics identified as 
problems of practice such as: “character”, “theme”, and 
“subtraction”. Each mini lesson consisted of worked examples of 
abstraction and abstract concept maps and resulted in a succession 
of clarifying ideas regarding abstraction in elementary education. 

Abstract concept maps were used to depict a consistent 
relationship structure between the elements of an abstraction, 
namely, the standard vertical relationship between an abstraction 
and the details from which it was derived. In each of the concept 
maps, the higher-level abstract concept appears at the top of the 
diagram, and its related lower-level details appear at the bottom 
of the diagram. An attempt was made to display two and only two 
layers of abstraction to keep representations of an abstraction as 
simple as possible. 

4.3 “Character” Concept Map 
The concept map for "character" (Fig. 1) was presented to 
educators in the following sequence: 
 

 

Figure 1: The "Character" concept map. 

1. The word “character” was displayed first on a whiteboard 
and defined. 

2. Potential concrete examples of “characters” from the story 
“The Three Pigs” were written down on the bottom-left. 

3. Each potential concrete example of a “character” was then 
considered and given a reason for inclusion or exclusion. 

4. All the reasons that some concrete details were included 
were written on the bottom-right side of the board. 



 

SIGCSE 2024, March 20–23, 2024, Portland, OR, USA Eping E. Hung, Maggie Vanderberg, Gladys Krause, & Eva Skuratowicz 

 

 

 

5. Arrows were drawn linking the abstraction to its supporting 
concrete representations to the bottom-left and its 
characteristics to the bottom-right. 

6. An arrow was drawn linking concrete representations with 
their shared characteristics to the right. 

Analysis of the “character” concept map revealed the following 
clarifying ideas: reverse abstraction, an evaluation step, and a 
pattern recognition step. 

4.3.1 Reverse Abstraction. In lower elementary education, 
students are not responsible for generating abstract concepts from 
empirical abstraction on their own. Instead, teachers typically 
give students definitions of new abstract concepts and help 
students develop their understanding of them. By starting with an 
abstraction first, students use empirical abstraction to match a 
given abstraction, essentially using a scaffolded abstraction 
process.  Another perspective is that students would be engaging 
in reverse abstraction by taking a given abstraction and 
determining what concrete details support understanding of it. 
This slight but significant discrepancy in the way abstraction is 
used may be a source of confusion among elementary educators 
trying to envision how abstraction could be used in the classroom.  

4.3.2 Evaluation Step. In the process of filtering details for an 
abstraction, students must evaluate details against the criteria for 
an abstraction. This evaluation step is an implicit part of the 
common CT definition of abstraction as the filtering of details. 
Being explicit about evaluation clarifies for primary educators the 
higher-order thinking [26] that students must perform while 
engaging in abstraction. Young students who may not have 
reached the developmental stage where they can critically 

evaluate their decisions [27] may need assistance doing so from 
teachers. 

4.3.3 Pattern Recognition Step. Using the Rule of Three, where 
three is the minimum number of items required for a pattern, 
teachers can ask students to find commonalities between three 
concrete correct examples of an abstract concept, leading to 
potential development of understanding of the abstraction. 

4.4 “Theme” Concept Map 
The “theme” concept map (Fig 2.) was initially presented in the 
same way that the “character” concept map was presented, but 
after completing the middle row of supporting details, the first 
author   noticed   “Friendship”,   “Loss”,   and   “Bravery”    were  
abstract concepts themselves. To ensure understanding of those 
concepts, and by association understanding of the concept of 
“theme”, a second lower level of more concrete detail was added 
to the map. This created  abstraction layers. 

4.4.1 Abstraction layers do exist in elementary education. 
Potentially, multiple levels of a concept map might need to be 
generated until an appropriate level of concrete detail is exposed. 
Comparison to the “character” concept map shows the 
exponentially greater number of concrete details needed to 
support understanding of the top-level abstraction, especially if 
the Rule of Three is used. 

4.3 “Subtraction” Concept Map 
The “subtraction” concept map (Fig. 3) was developed in a small 
group session with two teachers, who took turns filling in the 
entire concept map. The map did not provide any clarifying ideas

Figure  2: The multiple-level "Theme" concept map 



 

Making Abstraction Concrete for Primary Educators SIGCSE 2024, March 20–23, 2024, Portland, OR, USA 

 

 

about abstraction but confirmed that students try to understand 
abstract math concepts by looking at concrete versions of the 
abstraction [28]. One teacher stated that “I teach subtraction by 
describing eating cookies…I should try to find a couple more 
examples so students can compare examples.” 
 

4.4 “Abstraction” Concept Map 
Multiple examples of abstraction naturally lent themselves to 
being included in an abstract concept map of “abstraction” itself 
(Fig. 4). Unfortunately, the idea for this concept map was not 
conceived by the first author until after the PD had ended. 
However, at the time of the PD, one teacher did exclaim “We’re 
abstracting abstraction!” after a fifth concept map was shown. 

Applying pattern recognition to those concept maps revealed 
the following key details of abstraction in primary education: 

 

1. Understanding of an abstraction requires concrete examples. 
2. Concrete examples must be evaluated against criteria. 
3. By themselves, concrete examples only help so much. Pattern 

recognition must be applied across multiple concrete examples 

to extract and more deeply understand characteristics of an 
abstraction. 

4. Examples and characteristics together support 
understanding of an abstraction.  

5 TEACHER FEEDBACK 
Immediately following the summer institute, a post survey 
captured teacher opinions on the abstraction lessons they 
received. Then, during the ensuing school year, written teacher 
reflections, which were completed after delivery of CT lessons, 
revealed teacher thoughts about abstraction lessons they designed 
and delivered. Preliminary analysis of the data broadly show 
support for the continued development of the abstraction 
pedagogy detailed in this paper and a growing teacher comfort 
with abstraction instruction in the classroom. 

5.1 Evaluation Surveys 
On the evaluation survey, teachers were asked (1) which of the 
CT concepts they found the most difficult to understand, (2) which 
of the four concepts they gained the most progress in, and (3) 
which of the four concepts they wanted to learn more about. For 
all three questions, abstraction was the most popular answer (Fig 
5). Their responses align with literature reporting that teaching 
and grasping abstraction is challenging [2]. These results also 
acknowledge the potential effectiveness of concept maps for 
abstraction pedagogy and emphasize the necessity of offering 
additional opportunities to engage in learning this process. 

 

 

 

5.2 Lesson Reflections 
After teaching a lesson on abstraction, one teacher reflected, 

“Students were able to create their own Abstract personal 
narrative and knew what words to use. On the other hand, I felt 
like students struggled to understand abstraction…They 
understood the idea but could not relate the definition back to me. 

Figure 3: A math concept map 

Figure 4: Abstracting abstraction 

Figure 5: Teachers struggled with, made the most 
progress with, and wanted to learn the most about 
abstraction (n=20). 
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This leads me to believe that they need to see more examples and 
continue to practice.”  

Echoing the need for practice, another teacher wrote, “I felt 
that the kids responded really well to the concept [of abstraction] 
and felt like experts by the end of the lesson. I think in future 
lessons we will need a lot of repetition and practice with the 
concept.” 

A third teacher described how abstraction contributed to 
understanding of core content, saying,  

“…teaching idioms with abstraction worked really well 
together. I think it was valuable for the students to use abstraction 
in order to help them remember the meaning of the idioms (since 
idioms are so abstract :))…It helped create more meaningful 
conversation about the idioms.” 

Here we see teachers talking about abstraction, about how 
students use it in the classroom, how students are struggling with 
abstraction, and a potential way of alleviating that struggle. This 
conversation about abstraction shows a degree of comfort, one 
that suggests increasing teacher efficacy with abstraction. 

6 DISCUSSION 

6.1 Position Statement 
Abstraction for elementary education should include the 
following activities: 

1. Identification of concrete examples and explanation of their 
relationship to a given abstraction. Brainstorming for 
examples and explaining them affords students the 
opportunity to practice the evaluation step of abstraction. 

2. Pattern recognition across multiple concrete examples to extract 
characteristics that match those of a given abstraction. 
Intentional use of pattern recognition across multiple 
concrete examples has the potential to quickly develop 
understanding. Conversely, regarding single examples in 
isolation may leave greater room for misconceptions. 

3. For upper elementary students,  fully unscaffolded 
abstraction, where students themselves are responsible for 
generating an abstraction. 

These recommendations pervade the literature on abstraction, 
but their relevance remained unclear for our elementary 
educators until this process of abstracting abstraction highlighted 
their significance. Continued practice with the parts of abstraction 
described in this paper—explanation, evaluation, and pattern 
recognition—should help students make progress in 
understanding, applying, and explaining the whole of abstraction. 

6.2 Impacts  
Clarity at the elementary school level surrounding abstraction has 
a potentially outsized impact. With the amount of abstraction 
inherent in the elementary curriculum across the four core 

subjects, teachers have an extremely large number of 
opportunities to integrate abstraction into daily lessons, which 
would provide students with a significant amount of repeated 
practice with abstraction. 

In computer science where abstraction permeates the field, 
students who have improved their abstraction skills will be able 
to develop and evaluate their programs and designs more 
accurately and efficiently, and potentially move between layers of 
abstraction more fluidly [8,9]. 

6.3 Limitations 
The process of abstraction is often conducted over the course of 
many iterations. This project has reported on just one iteration of 
abstracting abstraction, and potential future iterations that 
include mini lessons on the process of abstraction in elementary 
education curricular activities such as summarizing, drawing 
conclusions, and modeling may result in the need to adjust 
recommendations. 

The post-surveys used for the PD were designed prior to the 
design of the abstraction mini lessons. A more focused survey 
eliciting teacher feedback specifically about abstract concept maps 
would provide better data with which to evaluate the 
recommendations in this paper. 

7 NEXT STEPS 

Progress on this line of research will be conducted on multiple 
fronts. First, teachers will be observed in the classroom following 
these preliminary recommendations on abstraction instruction. 
Continued teacher feedback on the effectiveness of their 
abstraction lessons will inform potential adjustments to our 
recommendations. Second, additional mini lessons on abstraction 
will be designed in all core subjects across all elementary grade 
levels, which will either confirm the key aspects of the process of 
abstraction already identified or suggest needed changes. Lastly, 
assessment data on student use of abstraction will need to be 
collected to analyze the impact these recommendations have on 
student learning.  

Eventually, researchers on this project hope to propose 
revisions to the definition of abstraction used in CT literature as 
well as identify a progression of abstraction learning for 
elementary education. 
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