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Abstract: Teachers in K-12 science classrooms play a key role in helping their students engage 

in computational thinking (CT) activities that reflect authentic science practices. However, we 

know less about how to support teachers in integrating CT into their classrooms. This paper 

presents a case of one science teacher over three years as she participated in a Design Based 

Implementation Research project focused on integrating CT into science curriculum. We ana-

lyze her professional growth as a designer and instructor as she created and implemented three 

computationally-enriched science units with the support of our research team. Results suggest 

that she became more confident in her understanding of and ability, leading to greater integra-

tion of CT in the science units. Relationships with the research team and co-design experiences 

mediated this growth. Findings yield implications for how best to support teachers in collabo-

rative curriculum design.  

Introduction 

With computing becoming ubiquitous in the science, technology, engineering, and mathematics (STEM) fields 

and society more broadly, researchers have argued that it is crucial to build foundational computational literacy 

skills in K-12 settings (Wilensky, Brady, & Horn, 2014). One approach in this endeavor is to integrate computa-

tional thinking (CT) into core science courses such as biology, chemistry, and physics. Contrary to elective com-

puter science courses offered in high school, the integration of CT into science courses ensures all students engage 

in computing and build computational literacy, overcoming issues of underrepresentation and self-selection com-

mon in computing fields (Wilensky et al., 2014). Research has also demonstrated that the integration of CT into 

science can not only help increase CT understandings, but also to support deeper science learning (e.g., Blikstein 

& Wilensky, 2008; Peel, Sadler, & Friedrichsen, 2019). 

A number of popular definitions of CT now exist, including perspectives that are closely tied to the 

domain of computer science (e.g., Wing 2006) as well as perspectives that attempt to understand CT in the context 

of specific disciplinary practice (e.g., Weintrop et al., 2016). In particular, a taxonomy of CT practices in the 

context of scientific inquiry proposed four major strands: data practices, modeling and simulation practices, com-

putational problem-solving practices, and systems thinking practices (Weintrop et al., 2016). In this paper, we 

focus on modeling and simulation practices (using, modifying and creating computational models) and data prac-

tices (collecting, cleaning, visualizing, and analyzing data). Through CT-STEM practices, students learn science 

content while engaging in authentic STEM practices used in modern science.  

Although there is wide support for CT-STEM in K-12 education, it is far from certain that teachers are 

prepared for such integrations (Cuny, 2012; State of Computer Science Education, 2018). Investigations of teach-

ers’ understandings of CT indicate that they hold misunderstandings about CT and are not prepared to incorporate 

it into classrooms (Sands et al., 2018). Additionally, barriers such as low self-confidence and self-efficacy for 

teaching CT persist (Aljowaed et al., 2018; Wu et al., 2018). Sands and colleagues (2018) suggest CT should be 

introduced with explicit attention given to how CT helps students learn disciplinary content. 

To address these barriers, our research team focuses on integrating CT and high school science by work-

ing with teachers to reimagine classroom practices and learn these new computational practices and tools (Ball & 

Forzani 2009; Lampert et al. 2013, Windschitl et al., 2012). We view teachers as agents of change towards sus-

tainable curricular reform (Midgley & Wood, 1993). Thus, we focus our investigation on changes to professional 

growth as teachers engage in professional development and integration of computationally enriched science units. 

Using a Design Based Implementation Research (DBIR) framework (Fishman et al., 2003), this paper describes 

an in-depth case study of one teacher’s experiences with our team as she learned how to integrate CT and science 

through multiple co-design sessions and implementations over three years. We investigate her experiences using 

the following research questions: 1) What, if any, professional growth occurs? 2) What experiences mediated 

professional growth and changes? 

To address these questions, we use the integrated model of professional growth (IMPG; Clarke & Hol-

lingsworth, 2002) to characterize sequences of change in four professional domains: external domain, personal 

ICLS 2020 Proceedings 1950 © ISLS



domain, domain of practice, and domain of consequence. The external domain includes interactions outside the 

teacher’s professional world, which is the research team in this case. The personal domain consists of changes in 

teachers’ knowledge, beliefs and attitudes, which in this case includes knowledge of CT and comfort with CT and 

its integration. The domain of practice is classroom experimentation, or changes in practice through implementing 

the CT integrated unit. The domain of consequence consists of changes in teachers’ perception of salient outcomes, 

such as in student learning and development. Change in one domain can lead to change in another through enact-

ment or reflection. Enactment (depicted as solid arrows in Figure 1) is the translation of a change into an action 

or taking action. For example, our focal teacher enacted new CT integrated units from the research team, thus 

linking the external domain and the domain of practice (Arrow 2). Reflection (depicted as dashed arrows) is the 

change through active reflection on the change and its impacts. The IMPG characterizes change sequences as our 

focal teacher designed and implemented CT integrated units. 

Methods 
Our focal teacher, Tracey (a pseudonym), worked with our team in a design-based research project to implement 

and design CT integrated curricula for three years. In year one, she was given a CT integrated biology unit de-

signed by the research team. She provided feedback on the unit and implemented it in her classrooms with support 

from the research team. In year two, Tracey provided direction as researchers designed a new CT integrated unit. 

She chose the biology content, provided her lesson plans, and gave feedback as lessons were designed. She then 

implemented the new unit. In year three, Tracey worked with a member of the research team to co-design a new 

unit during a Computational Thinking Summer Institute (CTSI). Tracey and the researcher (Author 2) worked 

together to design lessons and computational tools, which she implemented in her classroom. 

Through this multi-year process, we collected data to characterize Tracey’s experiences. The data sources 

include interviews after each year’s implementation and various data collected during the summer co-design 

workshop: weekly reflections, session recordings, a post-workshop interview, and pre- and post-workshop sur-

veys. Additionally, we reviewed the curricular units and classroom video of implementations to support the anal-

ysis. We used a case-study method (Yin, 2004) to analyze Tracey’s personal domain regarding her knowledge, 

beliefs, and attitudes and how that impacted her involvement in design (external domain), implementation (do-

main of practice), and views of student outcomes (domain of consequence). Three coders analyzed data sources 

for the four domains. Then, a secondary round of coding was used to identify connections between the domains 

and develop change sequences in professional growth for each year. The claims and codes were triangulated where 

possible with multiple data sources. It is important to note that interactions between the four domains are complex 

and many interactions happen implicitly. Therefore, the professional growth model diagrams constructed in this 

case study only depict connections explicitly supported by the data. 

Results 

 
Figure 1. Salient connections in Tracey's professional growth. 

Year one 

External domain 
In year one, the research team designed the CT integrated biology unit (described below) and walked through the 

unit with Tracey (Figure 1. External Domain). She was asked to provide feedback and make changes to improve 

the models and embedded questions. However, she only suggested some corrections of typos. Tracey then imple-

mented the units designed by the team without providing design input: “...the first year, before every lesson, 

[Author 2] would come the day before or a few days before, and we would go over the entire lesson what the kids 

were supposed to learn from it, how they were supposed to set it up” (CTSI Session). 

 

Domain of practice: Unit and pedagogy 
From Ecosystems to Speciation is a two-week unit that focuses on prey-predator ecosystems, competition between 
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individuals, mechanisms of microevolution (genetic drift and natural selection), and speciation. Activities are 

available online at: https://ct-stem.northwestern.edu/curriculum/preview/199/. Students explored six models de-

signed using NetLogo, an agent-based computational modeling environment (Wilensky, 1999), and investigated 

real world data of Galapagos Finches using Common Online Data Analysis Platform (CODAP; https://codap.con-

cord.org/). The learning objectives primarily focus on disciplinary understanding of ecological relationships and 

evolutionary changes in populations. Throughout this unit, students were asked to use the model to make obser-

vations and inferences regarding disciplinary ideas, engaging in the CT-STEM practice: Using a computational 

model to understand concepts.  

When Tracey implemented the unit (Figure 1, Arrow 2), the external domain influenced the domain of 

practice. When asked about her pedagogy during implementation, she said each student progressed at their own 

pace, so it was hard for her to have whole class discussions. She also said her role switched from leading the class 

to letting students take ownership of their own learning through the unit: “I always taught, where like I am in 

control of everything they learn...this is the kids learning it at their own pace and discovering it on their own. And 

I have to just step back and just kind of be I don't know, not even a facilitator just I know, they're just doing it on 

their own” (Year 1 interview). Further, Tracey said because she was not fully aware of what the students were 

doing, she was not sure how to facilitate their learning, resulting in a less active teaching role.  

Domain of consequence 
After implementation, Tracey reflected on student outcomes, thus connecting the domain of practice and the do-

main of consequence (Figure 1, Arrow 5). Tracey was surprised by the engagement of some of her students who 

were typically not engaged: “there were the kids that were sometimes not engaged in other activities that abso-

lutely loved running these models and coming up the questions and running them. It was really surprising to me” 

(CTSI Session). She also reflected on student learning outcomes, recognizing the value in teaching her content 

with computation: “I think this is the first time that kids have a real understanding that evolution can happen 

because of random forces, and because of natural selection...I think this is the first time it's come through in my 

curriculum…what a good way to teach this concept.” (Year 1 interview). This reflection placed value in CT, thus 

connecting the domain of consequence and her personal domain (Figure 1, Arrow 6). 

Personal domain: Confidence and CT knowledge 
Tracey began her work with our team with little confidence in her understanding of CT and her abilities related 

to CT. “I thought it was going to be more of the actual going into the code… I was a little intimidated by that. I 

don't know how to code. Don't make me code” (Year 1 interview). Her discomfort may have mediated her inter-

actions in the domain of practice since she was intimidation by computing. Tracey also indicated a lack of confi-

dence in technology and her reliance on the research team for support. “I'm not a good tech person. I asked 1,000 

questions, and it has to be repeated to me over and over and over before I get it” (Year 1 interview). Tracey’s 

confidence was low in her first implementation, which could be due to superficial CT understanding. 

Prior to working with our team and implementing, Tracey understood CT as coding. “I thought it was 

going to be more of the actual going into the code… So I thought it was going to be more of that...” (Year 1 

interview). However, after implementing the unit, she had a more nuanced CT understanding including the use of 

models to understand a science phenomenon: “to see what happens if you change parameters [in a model]. And 

it's instant, that you get the information like right away, predicting what would happen in an actual ecosystem. 

So, using computer models to also teach the concepts.” (Year 1 interview). This change in CT understanding 

reflectively links the domain of practice and her personal domain (Figure 1, Arrow 7). 

Year two 

External domain 
In year two, Tracey’s role in designing a new unit shifted. Tracey and the second author had weekly design meet-

ings where she expressed a desire to build a unit about natural selection. She shared materials from her class and 

explained an activity she normally used to teach this content. “We started from the activities from [last] year 

working on the ones that were already made… he already asked me, so what do you do? What are the activities 

that you already do? … and then [he] talked about, well how can we turn these into the computational? (CTSI 

Session). Based on her input and materials, Author 2 designed a computational model. Next, Author 2 discussed 

curricular activities with Tracey and then designed the unit. Tracey provided feedback throughout the design 

process. Her involvement in the design indicates a connection between her personal domain and the external 

domain because she was using her knowledge to inform the new unit (Figure1, Arrow 1). 

Domain of practice: Unit and pedagogy 
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Evolution of Populations to Speciation is a two-week unit that focuses on predator-prey dynamics, competition 

among individuals, and natural selection. Activities are available online via: https://ct-stem.northwestern.edu/cur-

riculum/preview/961/. Typically, on each page, students engage with a description of a computational model, 

suggestions for exploration, and two to five embedded assessment questions. Most of the questions were open-

ended and prompted students to engage in explorations of the model by changing parameters, designing investi-

gations, and making observations. The unit incorporates a NetLogo model about natural selection and adaptation 

in populations of rock pocket mice in the desert of New Mexico. The lessons engage students in science inquiry 

and CT practices such as asking questions, stating an answer in the form of a hypothesis, designing and conducting 

an experiment, collecting data, analyzing data, and arguing with evidence in data to support a claim.  
In year two, Tracey implemented the new CT-integrated natural selection unit, connecting the external 

domain and domain of practice (Figure 1, Arrow 2). When reflecting on her role during implementation, she saw 

herself as “more a facilitator. I could go around and ask questions to the kids more so to check their understanding. 

Actually even to get them to probe deeper into what was happening… I wasn't feeding them the information, but 

I did some guiding in some cases to let them see the information” (Year 2 interview). Tracey indicated she made 

changes to lessons as she was implementing to support student learning of both CT and science. For example, she 

added a discussion of an article about a scientist using computational models to conduct an ecological experiment 

(Year 2 interview). She also asked students to share their computational approaches: “I would sometimes interrupt 

and have discussion with the kids about what they were doing” (Year 2 interview). In addition to the unit, Tracey 

implemented a computational model lesson on her own, suggesting a change in practice influenced by Tracey’s 

knowledge of computational modeling: “...when we were doing ecology, I found a little computational model of 

my own and did it all by myself with the kids without anyone else around” (CTSI Session). This enactment (do-

main of practice) was brought about by Tracey’s personal domain (Figure 1, Arrow 4). 

Domain of consequence 
After implementation, Tracy made a reflective connection between the domain of practice and the domain of 

consequence (Figure 1, Arrow 5). She said students learned more from the computationally enriched unit, com-

pared to traditional lectures and prior years’ natural selection units: “...their test scores were higher in this class… 

And now if I'm comparing it to the test they just took the other day, which is a more traditional teaching experi-

ence, you know, it was lecture and notes and I think it was even an easier test. The class average was only an 

85%” (Year 2 interview). Tracey mentioned that although the students didn’t enjoy this unit because it pushed 

them to figure things out on their own, they had a more in depth understanding of the content. “They learned a lot 

more than they thought they would because there was a lot of thinking: "You want me to think? You want me to 

write another question?"...they ended up really learning this concept better than ever.” (CTSI Session). Tracey has 

not only identified changes in student outcomes, but expressed her value in those outcomes by incorporating 

another modeling lesson on her own. These changes connect Tracey’s personal domain and the domain of conse-

quence (Figure 1, Arrow 6), which led to an enactment in the domain of practice (Figure 1, Arrow 4). 

Personal domain: Confidence and CT knowledge 
After implementing, Tracey reflected on her second implementation and indicated she was more confident: “I was 

much more confident this year than last year… I feel like I could even go do it myself without you here I can 

assign something that's already been made to them.” (Year 2 interview). Tracey indicated her confidence stemmed 

from implementing a unit with our team once before, connecting her personal domain to both the external domain 

(Figure 1, Arrow 3) and the domain of practice (Figure 1, Arrow 7). This confidence is further displayed with the 

additional modeling activity she taught on her own. She was so confident in her implementation of this addition, 

she scheduled it on a day she was being observed. “It was an evaluation year for me. So I was bold enough to 

actually choose that activity when [an administrator] came in” (CTSI Session). 

Although she was more confident in implementing a CT integrated unit, Tracey was still uncomfortable 

with coding and computing. During this implementation, she asked students to share their computational ap-

proaches with the class. While this shows a change in pedagogy, she made this change because she was not con-

fident in her own ability. “I felt that that person was more comfortable using the technology than even I was” 

(Year 2 interview). Additionally, when discussing the next co-design opportunity, she was apprehensive about 

learning how to build computational models: “You'd have to be really patient. Very slow… Should we try to get 

[another teacher] to come with me?... she'll know the code faster than me and then if I have to rely on her or ask 

her questions, she's a resource here.” (Year 2 interview). Even after increased comfort from two years of imple-

menting and one year of helping design the curriculum, Tracey was still not comfortable with coding.  
In year two, Tracey’s CT knowledge constituted a more sophisticated definition with data practices. 

Tracey described how her students engaged in CT practices: students were “modeling situations that they couldn't 
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actually do in real life because it would take generations for them to go out into a field and count all the mice” 

(Year 2 interview). Further, students engaged in data practices: “[students] saw how they could very easily sort 

through male or female, beak size, weight, like just thousands and thousands of data points...like if they were 

scientists, they would use those tools to analyze data that they had collected.” (Year 2 interview). This change in 

Tracey’s CT knowledge links to her implementation and experience with our team, thus connecting the personal 

domain to the external domain and the domain of practice (Figure 1, Arrows 3 and 7). 

Year three 

External domain 
In year three Tracey participated in a four-week summer institute. In the first week, teachers learned about CT 

practices and computational tools, such as NetLogo, NetTango (a visual programming interface for NetLogo; 

Horn & Wilensky, 2011), and CODAP. In the remaining three weeks, Tracey collaboratively designed a new 

biology unit with the second author. Instead of providing ideas and feedback like in prior years, Tracey helped 

design the new unit herself. Tracey helped develop new NetLogo models, NetTango models, and data collection 

with CODAP. She also designed the questions and learning activities with Author 2. Her role in the design pro-

vided an enactment connection between her personal domain and the external domain (Figure 1, Arrow 1).  

Domain of practice: Unit and pedagogy 
Tracey and Author 2 co-designed the unit, Experimental Design and Computational Thinking, a series of compu-

tationally enriched lessons about experimental design and animal behavior. Tracey typically taught an experi-

mental design unit by asking students to conduct experiments with real Armadillidium vulgares, or roly-polies 

which was incorporated into this unit. Tracey’s students engaged in the computational activities in the following 

sequence. They used a NetLogo computational model to perform experiments and analyze data, which involved 

automated data collection using a then CODAP computational tool. The students modified an existing NetLogo 

model and finally, constructed a computational model of roly-poly behavior using NetTango. The final model 

investigated the environmental preference behavior of rolly-pollies. The model consists of two interconnected 

chambers containing rolly-pollies. A user can set pre-coded conditions in each chamber, for example, moist or 

dry. Users can easily add more conditions of their choice and can set which conditions rolly-pollies prefer. If a 

rolly-polly is on a location that has its preferred condition, the probability of its movement is lower than when it 

is on a non-preferred location. This simple probabilistic behavior results in an emergent pattern of distribution of 

bugs reflecting what is observed in the real-world experiment.  
When Tracey implemented her new co-designed CT and biology unit, she once again saw her role as a 

facilitator of learning. In this implementation, however, she clearly connects her role to the design of the unit, 

saying the unit was designed to engage students in sense-making on their own. “[Students] were learning it on 

their own. They only called me when they needed me. I would just go around and be excited if they did something 

really cool... It's because we spend so much time designing them and writing the little videos and that they didn't 

need me” (Year 3 Interview). This reflection connects the external domain and the domain of practice (Figure 1, 

Arrow 2). In prior implementations, the research team helped students debug models, but this year, Tracey en-

gaged the class in debugging code herself. She walked through the steps to find the problem and asked prompting 

questions to fix the code. “I saw them thinking in every aspect, looking at the code, try to find out why it wasn't 

working, why the bug was and it was blue and how to change it” (Year 3 Interview). This change in pedagogy 

was enacted due to her experiences during the summer co-design institute. She translated her debugging 

knowledge into her instructional practice, thus connecting the external domain to Tracey’s personal domain (Fig-

ure 1, Arrow 3) to the domain of practice (Figure 1, Arrow 4). 

Domain of consequence 
After teaching, Tracey reflected on student learning gains and indicated students learned science content better 

than in prior years. “[Students] were able to do well on the assessment only from what they did by completing 

this unit. So they, they not only learned the computation how, how to use a computational model, they learn the 

content I needed for their AP test” (Year 3 Interview). While the attention given to science learning is not different 

from prior years, in this implementation, she also said students learned about how real scientists do science with 

computing: “They learn absolutely way more about experimental design and how a scientists would conduct the 

lab and, and how they would actually collect data and analyze that data” (Year 3 Interview). In reflecting on the 

implementation and identifying new student outcomes, Tracey has connected the domain of practice to the domain 

of consequence (Figure 1, Arrow 5). In addition, Tracey valued CT integration and the outcomes it provided her 

students. When asked if she thought the CT integration was a useful approach to teaching science compared to 
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traditional instruction, Tracey said, “Yeah, I would definitely not go back to - I like this a lot” (Year 3 Interview). 

This reflectively connects domain of consequence and her personal domain (Figure 1, Arrow 6). 

Personal domain: Confidence and CT knowledge 
In the weekly reflections of the co-design workshop, she described gaining confidence in CT in Week 3: “I have 

really learned a lot and will be more confident using CT with the students. I think I may even be able to do a little 

trouble-shooting and be less reliant on the team that observed my classes.” Further, she expressed surprise in her 

use of code and integration of a new CT tool into her lessons in Week 4: “I have come a long way since the first 

time I worked with [the team] 3 years ago. I didn't think I would ever dig into the code or use NetTango in a 

lesson.” In addition, the pre/post CTSI survey showed that Tracey’s confidence increased in her ability to identify 

and define computational data and computational modeling practices. She felt more confident in her ability to 

engage students in CT data and modeling practices, adapt lessons to integrate these CT practices, find resources 

to support CT integration, and help colleagues integrate data and modeling practices. The largest shift in confi-

dence was in her “ability to create an original science lessons that includes computational data/modeling practices” 

and “answer student questions regarding computational data/modeling activities.” In both cases, she “neither agree 

nor disagree” in her pre-survey and “strongly agree” or “agree” in the post-survey. 

When talking about helping her students debug, Tracey said the summer co-design experiences helped 

her feel confident: “I think because I worked with you all summer, I wasn't as nervous” (Year 3 Interview). After 

three years of implementation and working with our team, Tracey said she felt confident enough to implement CT 

integrated units on her own. The change in confidence due to her co-design and implementation experiences links 

her personal domain with the external domain (Figure 1, Arrow 3) and domain of practice (Arrow 7). 
Regarding CT knowledge, Tracey described CT as “using computer models to explain phenomenon, to 

test variables, predict outcomes, analyze data” (CTSI Pre-survey) prior to the co-design summer institute in year 

three. After the institute and co-design, she added the connection to authentic science practices to her definition. 

CT is “[u]sing and designing computer models to test variables, design experiment[s], make predictions. Also, 

using computation tools as a way to collect and analyze data the way a scientist would actually do it” (CTSI Post-

Survey). Additionally, Tracey said she learned about computational tools and coding through the institute: “I knew 

nothing about coding and the little patches and now you have to ask things to move into these. I had no idea...I 

can not code anything. Maybe a tiny little change I can make, but I at least see now what goes into it. And I think 

I'll be better at explaining things to the kids” (CTSI Post-interview). Tracey’s changes in her CT understanding 

and coding knowledge connects the external domain and her personal domain (Figure 1, Arrow 3). Additionally, 

her knowledge of CT translated into the classroom when she debugged with her students, thus connecting her 

personal domain to the domain of practice (Figure 1, Arrow 4). 

What mediated the professional growth and changes? 
After three years of working with our team in varying capacities ranging from training to prolonged co-design, 

Tracey grew professionally, as demonstrated by changes in all four domains and their interactions. Several inter-

actions and experiences mediated Tracey’s professional growth, including increased involvement in the co-design 

process, personal relationships with Author 2, support from the research team, and implementation experience. 
 Tracey’s increased involvement with the external domain during the co-design process mediated changes 

in her personal domain and domain of practice. In the first year, Tracey used the team’s unit. In year two, she 

provided direction for the design of CT integrated tools with her chosen content. Finally, Tracey was involved in 

designing and building CT integrated tools and the curriculum. Tracey indicated co-design (external domain) was 

an important aspect in building her comfort, confidence, and CT understanding: “Co-designing it was critical. Not 

only did you make it fit my curriculum, but I also knew what was coming…co-working builds trust. I could ask 

questions, I could say ahead of time, I don't understand this. Can you add a question about this? Can we have 

this?” (Year 2 interview). That is, in her personal domain, Tracey gained confidence with CT and its integration 

and her CT understanding became more nuanced and detailed. The curriculum (domain of practice) shifted 

throughout Tracey’s three years in terms of how CT was being integrated. In year one CT was not central. Alt-

hough every lesson had a computational tool, the focus was science learning. In year two, the lessons engaged 

students in open-ended activities with computational tools. The computational tools were specifically designed 

for her content, making them more integrated with the science than year one. In year three, the CT integration 

continued to increase. Students engaged in using computational tools, modifying the code of computational tools, 

and creating a new computational model. With this shift in CT integration came an increased focus on learning 

CT skills and developing CT understanding along with the science content. Tracey’s pedagogy in the domain of 

practice also changed as the units transitioned from using computational tools in year one, to open-ended inves-

tigations with computational tools in year two, to debugging and coding in the classroom in year three. Tracey’s 
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classroom role shifted from being in the background in year one, to making changes in year two (discussions, 

asking students to share), to being confident in year three such that she debugged on her own.  
Tracey’s personal relationship with Author 2 (external domain), through working with him over the three 

years, mediated changes in her personal domain. Tracey developed trust in Author 2 and made her comfortable 

with being uncomfortable throughout the design process: “because I worked with [Author 2] in the past and be-

cause I did that summer work with you, I have a lot of trust in you guys...I'm very comfortable taking that risk 

with [Author 2] because you will hold my hand through it if necessary” (Year 2 interview).  
Tracey also valued the continued support from the team (external domain) during her implementations 

(domain of practice) and the summer co-design institute. These interactions mediated changes in her personal 

domain and domain of practice. Although she was uncomfortable with computing herself, the support from the 

research team made her feel comfortable in implementing new computationally enriched units. “I'm the one nerv-

ous about using any kind of computational tool or model... I was glad that you were there.” (CTSI Session). The 

classroom support was important to Tracey, especially in years one and two, because she was uncomfortable with 

computing and she did not feel like she could answer students’ questions. She needed to see how the research 

team dealt with questions and issues in order to effectively do so herself. The support during implementations was 

also important to Tracey because it helped form a classroom culture of comfort with asking questions and figuring 

things out: “I think because I was so open about asking for help that the kids were never shy…the kids never felt 

like they were going to ask a dumb question because they saw me ask so many of them.” (CTSI Session). The 

presence of the research team was a source of comfort and learning for Tracey and her students.  
Tracey’s implementation experience (domain of practice) over the years impacted her personal domain 

and the domain of consequence. Tracey mentioned her increased confidence stemmed from multiple experiences 

teaching the units. She said the repetition of implementing the computational models was important. For example, 

she was more comfortable in year two because she had taught it and seen the computational model before. Multiple 

implementations also may have allowed Tracey to identify and value changes in student outcomes, in the domain 

of consequence, throughout the three years. In year one, Tracey saw the value in teaching the content with com-

putational tools, but struggled to identify specific learning of the science content since formative assessments were 

not built into the unit. In year two, Tracey identified greater content learning gains than in prior years and com-

pared to other non-computing units (Year 2 interview). In year three, she noted the same increased science content 

learning, but she also noticed and valued student learning related to CT and its important role in authentic science.  

Discussion 
There is little known about how teachers implement CT in science, and even less is known about how to support 

teachers in designing and implementing CT integrated curriculum (Sands, Yadav, & Good, 2018). Although this 

work focused on one teacher’s experience, it contributes knowledge on how to help teachers design and implement 

computing enriched curriculum that integrates CT and science. 

First, developing trust and relationships between teachers and researchers (external domain) can help 

teachers feel comfortable with new integrations. This is especially important if teachers are intimidated by com-

puting, as seen with Tracey. Second, classroom support during implementations may help teachers feel more 

confident and willing to implement new technology in their classrooms (domain of practice). It is evident in this 

case that Tracey would not have implemented CT integrated units without continued support from the research 

team. Third, the co-design process can foster professional growth and improve outcomes in the classroom. For 

Tracey, the co-design process increased her comfort and CT knowledge while positively impacting her teaching 

practice and CT integrated curriculum. Co-design supports teacher understanding of the technology being used 

and thus may result in more sophisticated curricula since teachers are designing with and learning from experts 

(Voogt et al., 2016). In Tracey’s case, there is clear growth in her understanding of CT (personal domain) as well 

as in her units with the increasingly sophisticated use of computational tools. In early years, the units engaged 

students in using computational tools, but in year three, the students use computational tools, modify the code 

running the computational tool, and even create their own computational tool with NetTango. Finally, scaffolding 

teachers’ participation in design may help them become sustainable CT implementers. Tracey’s professional 

growth increased with each year of working with the research team as she became more central as a designer of 

her curriculum. After year three, she was confident in her ability to implement computationally enriched units on 

her own. For teachers without computing experience, becoming confident and competent in teaching and design-

ing CT integrated curriculum may require a long-term commitment to scaffolded design experiences.  

Teachers face many challenges and barriers when integrating CT and science, such as inadequate com-

puter science training and a lack of support through professional development (Aljowaed at al., 2018; Yadav et 

al., 2016). Our findings suggest relationships with researchers and co-design can support teachers in this integra-

tion. While this case is only one teacher, Tracey displayed many of the common discomforts and barriers to 
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implementation, suggesting this work can inform the support of a broad range of teachers. We posit that teachers 

more comfortable with computing will benefit from co-design, but it may not require as much scaffolding or time. 

However, this relationship becomes challenging for up-scaling CT integration when close personal relationships 

cannot be developed. Future investigations in scaling up implementations and integrations are needed. 
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