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Introduction
As society becomes increasingly computational, 
computational thinking (CT) instruction has taken on a 
growing role in schools (Bocconi et al., 2016; National 
Research Council, 2010). Beyond focusing on CT within 
computer science (CS) courses, researchers and educational 
standards encourage the integration of CT into disciplinary 
subjects (Lee et al., 2020), particularly science (NGSS Lead 
States, 2013). This shift towards CT integration has two goals: 
to provide opportunities for all students to access computing 
opportunities—a first step to broadening participation in 
computing courses—and to enhance science learning by 
making content more authentic to modern professional 
science. However, to provide CT learning opportunities that 
meet these two goals, it is imperative we equip teachers 
with the necessary knowledge and skills to integrate CT 
in ways that are both authentic to computing and prepare 
students to engage in computing as a way to learn science. 
It is important to prepare teachers for this task at the 
elementary level, where children are beginning to explore 
their academic and vocational identities and are impacted by 
positive experiences in science and computing (Tran, 2019). 

Prior research has focused on preparing both pre-service 
and in-service teachers to integrate CT. Teacher educators 
have integrated CT learning into pre-service technology 
courses (e.g., Chang & Peterson, 2018; Mouza et al., 2017) 
and science methods courses (e.g., Jaipal-Jamani & Angeli, 
2017; McGinnis et al., 2020). Further, researchers have 
encouraged focusing on both technology and disciplinary 
teaching (Blikstein, 2018; Yadav et al., 2017). Studies have 
built pre-service and in-service teacher knowledge using 
CT tools such as robotics (e.g., Jaipal-Jamani & Angeli, 
2017), block-based programming environments (e.g., Bean 
et al., 2015; Bort & Brylow, 2013; Dodero et al., 2017), and 
simulations (e.g., Ahamed et al., 2010). 

Taken together, this research has had mixed results. 
While both pre-service and in-service teachers showed 
an improved understanding of CT following professional 
development (PD) (Jaipal-Jamani & Angeli, 2017; Curzon et 
al., 2014; Yadav et al., 2014) and increased self-efficacy and 
attitudes about the importance of CT (Bower et al., 2017; 
Simmonds et al., 2019), some still had misconceptions 
about CT (Chang & Peterson, 2018; Lamprou & Repenning, 
2018) and had difficulty writing lesson plans integrating 
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Within the PD, we focused on supporting pre-service 
and in-service teachers to write and enact CT-integrated 
lesson plans within their elementary science classes. In this 
paper, we will present the lesson plans teachers developed 
and examine the CT practices integrated and the level of CT 
integration achieved according to a framework designed by 
Waterman et al. (2020). We aim to determine the level of CT 
integration in the lessons and identify patterns of integration 
to answer the research question: To what extent do pre-
service and in-service teachers integrate computational 
thinking into elementary science lesson plans?

METHODS

We designed and implemented the Science Teaching 
Computational Thinking Inquiry Group (STIGCT) to collaborate 
with teachers around integrating CT in elementary science 
lessons within a community of practice (Coenraad et al., 2021; 
PD guide and activities at https://education.umd.edu/stigct). 
STIGCT was a semester-long PD for both pre-service and in-
service teachers developed through Design-Based Research 
(Brown, 1992; Barab, 2006). Teachers and researcher facilitators 
met for four 165-minute sessions (February - May 2019; 11 
hours total). Prior to participating in STIGCT, all teachers were 
introduced to CT through their pre-service science methods 
course or a workshop for in-service teachers. The course and 
the workshop were designed to cover the same information 
to ensure that both groups received equal grounding in CT. 
This included an introduction to CT and the Next Generation 
Science Standards, presentation of our CT framework, and 
completing plugged and unplugged CT activities.

CT concepts and tools into disciplinary contexts (Bort & 
Brylow, 2013; Mouza et al., 2017). Therefore, it is important 
to investigate how best to support both pre-service and 
in-service teachers in enacting their knowledge of CT when 
designing integrated lessons and implementing them in 
their classrooms.

Our work examined how pre-service and in-service 
elementary teachers (herein referred to as “teachers”) 
learned to integrate CT into elementary science teaching 
through PD. We focused on supporting teachers to write 
and enact CT-integrated lesson plans. To support our 
instruction, we developed the Framework for Teachers’ 
Integration of Computational Thinking into Elementary 
Science specifically focused on supporting elementary 
teachers within a CT for science perspective (Ketelhut et 
al., 2019). Based on Weintrop et al. (2016) and informed by 
our prior work with teachers, the framework was designed 
with three main considerations: eliminating computer 
science jargon teachers found inaccessible, selecting 
practices elementary-aged children could engage in, 
and differentiating CT from scientific inquiry—a distinction 
we found was blurry for teachers. The framework divides 
CT into four sets of practices: Using Data, Programming, 
Computational Simulations, and Systems Thinking from 
a CT Perspective (Figure 1; for detailed definitions of 
each practice, see Cabrera et al., 2021). We introduced 
the framework to teachers early in their PD and used it 
throughout the program as a definition of CT and a set 
of concrete practices students should engage in during 
science learning. Within this paper, we also used this 
framework when analyzing teachers’ enactments of CT in 
their classrooms. 

Figure 1. Framework for Teachers’ Integration of Computational Thinking into Elementary Science

https://education.umd.edu/stigct


www.acm.org/education 13

of integration presented by Waterman et al. (2020), we 
included a fourth category, exhibit, which was identified 
inductively during our coding process. Lessons in this 
category used a CT activity, typically programming, to 
exhibit science knowledge students gained through other 
means. For example, creating a Scratch animation about 
an animal in its habitat based on book or online research. 
This can be seen in Figure 2 where CT and science are both 
present, but do not overlap. 

During our analysis we first identified the CT practices 
integrated into each lesson plan. Two researchers read 
20% of the data and reached 85.7% interrater reliability. The 
two researchers then discussed all disagreements to reach 
100% agreement. One researcher then coded the remaining 
lesson plans. In a second round of coding, we used 
Waterman et al.’s (2020) framework to label each lesson plan 
as exist, enhance, or extend. Two researchers coded a subset 
of the lessons, discussed discrepancies in the coding, and 
completed the coding after reaching agreement. Following 
this coding, a portion of the lesson plans were identified 
as not aligning to any of Waterman et al.’s categories. We 
therefore added a fourth category for these lessons (exhibit) 
and re-coded the lesson plans. The initial agreement 
between the researchers was 90.9% (20 of 22 lessons), 
which was elevated to 100% after discussing discrepancies. 

RESULTS

Overall, teachers were able to effectively incorporate CT 
into an elementary science lesson plan following their 
participation in STIGCT. Thirty of the 36 teachers (83.33%) 
submitted a lesson plan containing at least one CT practice 
(16 of the 22 unique lesson plans; 73.73%). Within the 22 
unique lesson plans, researchers identified the use of three 
of the four CT practices (Figure 3): Using Data (9 lessons; 
40.91%), Computational Simulations (8 lessons; 36.36%), 
and Programming (7 lessons; 31.82%). No lesson plans 
contained Systems Thinking from a CT Perspective. Six 
lesson plans (27.27%) included no CT, despite teachers 
self-identifying practices in the lesson. Some lesson 
plans contained practices from multiple categories of 
CT practices (Figure 3). This overlap was most common 

Each STIGCT session focused on one of the four CT 
practices and included three sections: presentation of the 
CT practice, CT-integrated science activities from a student 
lens, and development of a lesson seed (the beginning of a 
lesson plan) with grade-similar peers and a facilitator. Each 
teacher selected one lesson seed and developed it into a 
full lesson plan they taught to their class. In the final session, 
teachers shared and reflected upon their lesson plan and 
teaching experience. 

In total, 36 teachers participated in STIGCT and 
submitted a lesson plan (20 pre-service, 16 in-service). They 
taught in elementary schools in the Mid-Atlantic region of 
the United States. Because some participating pre-service 
and in-service teachers worked together as a mentor/
mentee pair or on a grade-level team at the same school, 
the teachers developed 22 unique lesson plans. In this 
paper, we analyze these lesson plans using Waterman et al.’s 
framework (2020) to determine the level of CT integration. 

To categorize the level of CT integration within lessons, 
we modified Waterman et al’s. (2020) three-part framework: 
exist, enhance, extend (Figure 2). In their framework, lessons 
are considered to be at the exist level if the “CT concepts, 
skills, and practices already exist in the lesson and can 
simply be called out or elaborated upon” (Waterman et 
al., 2020, p. 54). As seen in Figure 2, this is an instance of 
CT within a science lesson, but additional science learning 
is not supported by the CT. This level identifies ways CT 
is already in the curriculum and can act as a base for 
deeper integration. In their second level, enhance, CT is 
integrated based on the “creation of additional tasks or 
lessons to enhance the disciplinary concept and provide 
clear connection to computing concepts that are present” 
(Waterman et al., 2020, p. 55). In these lessons, students 
go beyond what is already in the curriculum, utilizing CT 
skills in service of their disciplinary learning. In Figure 2, this 
is represented by multiple instances of CT expanding the 
science lesson. In their final level, extend, teachers add CT 
activities, typically programming (Waterman et al., 2020). 
In our interpretation, we looked for teachers using CT to 
promote science learning through computational activities, 
extending students’ learning of a disciplinary concept. 
As shown in Figure 2, the science lesson is expanded by 
the CT focus within the lesson. In addition to the levels 

Figure 2. Levels of CT Integration
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(Figure 4). Two lessons (12.5%) extended science learning 
through the integration of CT tools and practices. Finally, 
three lessons (18.75%) integrated science and CT on an 
exhibit level, using a relevant science concept as the topic 
exhibited through the CT learning experience, but doing so 
in a way that does not explicitly increase science learning 
and could be replaced with a different disciplinary topic 
without changing the activity. 

We also found patterns between the CT practices within 
lessons and the level of CT integration (Figure 4). Lessons 
identified to include only Using Data practices were all at 
an exist level of integration (3 of 3 lessons; Table 1 Example 
A). Further, those that included Computational Simulation 
practices integrated CT at the extend level (8 of 8 lessons; 
Table 1 Example B). Lessons that integrated Programming 
practices tended to reach the extend (2 of 2 lessons; Table 
1 Example C) or exhibit (3 of 3 lessons; Table 1 Example 
D) level of integration. These trends point to a relationship 
between the CT practices enacted within a lesson and the 
level of integration the lesson reached. 

Discussion
Overall, teachers successfully integrated CT into their 
elementary science lesson plans across most CT practices. 
But integrations varied in level of integration and coverage 
of CT practices. Our results show that no teachers 
integrated Systems Thinking from a CT Perspective into 
their lesson plans. This raises questions about whether 
systems thinking around quantitative relationships is 
developmentally appropriate for students at the elementary 
level and whether further support is needed for teachers 
to feel confident engaging their students in discussions 
of systems thinking. It is common for elementary classes 
to examine systems such as the food web or the water 

between Using Data and Computational Simulations. 
In these lessons, students typically collected data using 
a computational simulation and analyzed that data for 
patterns and trends to make conclusions (see Table 1 
Example B below). 

While teachers who participated in STIGCT were 
able to integrate CT practices within their lesson plans 
generally, prior research has demonstrated not all CT 
integration within lesson plans provides students with equal 
opportunities to deeply engage with CT (Bort & Brylow, 
2013; Mouza et al., 2017). Of the 16 unique teacher lesson 
plans containing at least one CT practice, three lessons 
(18.75%) integrated CT at an exist level, identifying CT 
already present within a typical science lesson plan. The 
greatest number of lessons, eight (50%), integrated CT at 
an enhance level, using CT to support science learning by 
adding CT experiences with computing tools or practices 

Figure 3. CT practices identified within teacher lesson plans 

Figure 4. CT Integration levels in elementary science lesson plans
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to lead to instructional change and, therefore, new 
computational learning opportunities.

All lessons at the enhance level of integration utilized 
Computational Simulations (8 of 8 lessons). As the most 
popular tool used by teachers within their lesson plans, 
simulations appear to be a comfortable computational tool 
for integration. Yet, while teachers seemed comfortable 
integrating pre-made online simulations, they did not create 
their own simulations. Our findings suggest that integrating 
simulations can be an important starting point for teachers 
to integrate CT that can enhance science learning and 
inquiry. These integrations are particularly productive 
when studying scientific phenomena that are temporally 
too far away or spatially too small or large to see. However, 
future research could examine how teachers who feel 
comfortable integrating pre-made simulations could be 
supported to integrate CT more deeply by assessing and 
creating simulations with their students. While there is some 
important work on how students can engage with these 
practices (Basu et al., 2016; diSessa, 2000; Wilensky & Rand, 
2015), the support that teachers need to venture into the 
extend level with simulations is less clear. 

cycle, but these investigations rarely reach the point of 
interrogating the quantitative relationships within the 
system or representing the system using a computational 
tool. Future research could investigate whether elementary 
students can engage in systems thinking practices and 
develop strategies for teachers to integrate Systems 
Thinking from a CT Perspective. 

The relationships between integration levels and CT 
practices we found provide insight into current gaps in 
knowledge and possibilities for future research around 
supporting teachers to write lessons with deeper levels 
of integration. We found that teachers who included 
only Using Data practices integrated CT and science at 
the exist level (3 of 3 lessons). This finding can partially 
be explained by the likeness between CT data practices 
and scientific inquiry, where students collect and analyze 
data. Further research could explore how PD can support 
teachers in leveraging computational aspects of data 
collection and analysis to move beyond exist level 
integration and into the enhance and extend levels. This 
effort is particularly important given that simply naming 
existing activities aligned with CT practices is unlikely 

Table 1. Example lesson plans at each level of integration

Example Level of  
Integration

Grade and  
Topic

CT Practices 
Integrated Lesson Activities

A Exist 1st grade 

Growing 
Lima Beans

Using Data:
• �Creating graphs or 

charts

• �Finding patterns 
and relationships in 
datasets

Students dissect a lima bean while making qualitative 
observations. Then, students plant two lima beans and 
place one in a lit environment (i.e., the window sill) and 
one in a dark environment (i.e., a dark room). Every two 
days, students measure and graph the height of their 
plants. As a class, students draw conclusions about light 
and plant growth based on their data.

B Enhance 4th grade 

Energy 
Transfer

Using Data:
• �Collecting data 

with computational 
devices

Computational 
Simulations:
• �Using computational 

simulations

The class reviews the vocabulary term collision and 
discusses the types of energy involved in collisions. 
Then, students use the PhET online simulation Collision 
Lab to collect data about two objects colliding. Students 
use the simulation to manipulate variables like the mass 
of the objects and collect data about each collision for 
analysis. 

C Extend 5th grade

Water 
Pollution

Programming:
• Coding

Using Data:
• �Collecting data 

with computational 
devices

Students code a micro:bit to detect light levels. Then, 
using their own water samples, students measure how 
much light passes through water from a flashlight. 
Students record their data and analyze it using guided 
questions to make conclusions about pollution levels 
within the body of water from which they took their 
sample.

D Exhibit 3rd grade 

Weather 
Animation

All Programming 
Practices

Students are introduced to extreme weather with an 
introductory video and sharing their own experiences. 
Then, students explore an extreme weather event by 
conducting guided research. To present their research, 
students create a Scratch animation “movie” telling 
about their weather event.

http://www.acm.org/education
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Implications
Due to the nature of our study and the data we examine, 
implications of our work are particularly relevant to teacher 
educators as practitioners responsible for supporting 
teachers as they learn to integrate CT into disciplinary 
lessons. When planning and implementing PD, teacher 
educators should: 

•	 �Focus on supporting teachers to integrate CT in service 
of science learning rather than only building CT or CS 
skills.

•	 �Provide explicit discussions of the levels of CT 
integration and moving beyond finding CT within the 
existing science curriculum.

•	 �Present examples of Programming activities integrating 
CT at the exhibit and extend levels to demonstrate the 
differences in CT and science integrated learning they 
promote.

•	 �Build teacher efficacy and confidence with 
programming environments to build their own 
simulations and lead students to use programming to 
increase understanding of science phenomena.

•	 �Examine the barriers to integration teachers are facing 
and support them integrating CT at the enhance and 
extend levels despite the barriers they might face to 
provide more equitable learning experiences across CT 
practices for all students.
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