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ABSTRACT 
We have established a research-practice partnership (RPP) to 
build a computer science (CS) and computational thinking (CT)-
focused STEM ecosystem at two middle schools. Creating such 
an ecosystem to broaden student participation in computing 
through an RPP approach involves all stakeholders in the 
research process. Borrowing upon visual participatory research 
methods, we developed a graphic research instrument to engage 
teachers in the research process and elicit their perspectives on 
strategies for building the ecosystem. This experience report 
describes our research methodology across two distinct cases to 
demonstrate the utility of this drawing activity as an 
investigative and partnership development tool. The 
contribution is in offering a flexible approach to other 
university-based RPP teams that enables a synergistic 
partnership development tool and data collection instrument 

that can be tailored to a variety of RPP contexts, facilitating more 
productive and equitable ways of engaging stakeholders in the 
research process. We describe our project contexts and share 
results from the pilot study with practitioner-members of our 
RPP teams. We discuss two cases to highlight the contribution 

this approach made to the development of our partnerships.  
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1 Introduction 
Despite growing demands for computationally-intensive STEM 
professions, many groups (e.g., women, Black, Hispanic/Latinx) 
continue to be marginalized from this important work [2]. 
Disparities in workforce participation are reflective of a systemic 
problem where these individuals often lack access to early 
opportunities to engage in and develop an interest in computer 
science (CS) and computational thinking (CT) practices [10]. In 
order to address this critical need, our university-based teams 
have developed a research-practice partnership (RPP)–an 
intentional, long-standing, and equitable collaboration between 
researchers and teachers–at two different middle schools in 
order to establish a CT/CS-focused ecosystem model at each 
school. Moreover, our application of the ecosystem model 
recognizes that effective CS/CT learning is the product of the 
entire connected academic enterprise. Elements of this 
connected enterprise include school leadership, teachers, 
available CS/CT resources and learning opportunities, along 
with prior experiences, encouragement, and training in CS/CT 
[21, 22]. These ecosystem elements must work in coordination 
and towards common CS/CT goals [21, 22] for both the teachers 
and the students to flourish and realize their potential.  
Thus, primary project assessment goals are tri-fold: to create an 
inclusive, yet rigorous data collection approach that aligns with 
the principles of our RPP, to enable measurement techniques 
that are applicable in different school contexts, and develop a 
methodology that engages key stakeholders. We present our 
contextual settings and specific research questions for the two 
schools to show how the tool was applied and the contributions 
made to our own research.  

2 Background 
Our work is theoretically grounded in The STEM Ecosystem 
framework, which emerged from policy [19] and academic 
research [21] in response to the growing understanding that 
building student capacity and interest in STEM needs to be 
addressed systemically. STEM ecosystems strive to provide 
multiple opportunities for learners to engage in a variety of 
STEM-related learning activities that enable them to develop 
knowledge, interest, and skills in STEM disciplines over the 
course of their youth [26]. When properly coordinated, all of 
these opportunities create intentionally designed pathways to 
support equitable STEM learning for all students.  
At the heart of the STEM ecosystem are students, whose 
interactions with other individuals (e.g., peers, mentors, teachers, 
caregivers) across time and settings, influence their academic 
and career trajectories [8]. Likewise, teachers and school leaders 
play integral roles as they create important formal and informal 
STEM learning opportunities for students. Our model recognizes 
that a potential key source of STEM learning is the formal 
schooling environment where all students gain exposure 
through required coursework. By infusing CS/CT opportunities 
across core academic courses, self-selection and other barriers to 
participation are mitigated [12, 20]. Thus, our partnership 
strategy applies a breadth and depth approach: all middle school 

students in a school are broadly exposed to CS learning, and 
then afforded opportunities to deepen and sustain that interest 
through electives and informal educational activities. 
Furthermore, outreach to students’ homes and communities 
provided by the school exposes family members to CS activities, 
bolstering support for student interest outside of school. 
Combined, all of these experiences build capacity for success in 
high school and beyond, as students develop positive affect 
towards computationally-intensive academic and career 
opportunities.  
Research-practice partnerships (RPPs) provide a collaborative 
framework for curricular development, teacher PD, and 
coordinated initiatives at the school and district level [7]. The 
foundation of an RPP is an equal positioning of teachers and 
researchers, with each partner playing a critical role in jointly 
identifying important needs, designing possible solutions, 
collecting and analyzing relevant data, testing solutions, and 
planning for the sustainability and scale of emerging reform 
strategies [22]. In other words, RPPs situate researchers and 
teachers as equal experts, and together they seek to investigate 
problems of practice and develop compelling solutions that 
improve outcomes [7]. Employing a design-based research 
approach was central to the project design because RPPs 
deliberately elevate teachers’ voices. Key features of designed-
based research are that the research is iterative, situated within a 
learning context, collaborative between researchers and teachers, 
and comparative across situational contexts [1]. The ecosystem 
perspective serves to address issues of inclusivity and access to 
CS/CT through a local learning ecology [15]. Measurement 
techniques that ascertain the myriad of perspectives are 
important to developing shared understanding when 
approaching complex problems.  
Visual data collection methods such as participatory drawing or 
concept mapping activities can be useful and inclusive 
techniques for engaging participants in the research process and 
eliciting their unique perspectives [29]. These techniques are 
especially promising for researchers involved in participatory 
research designs such as RPPs [28], as they promote stakeholder 
reflection, communication, and empowerment [6]. Motivated by 
the potential of these practices to intimately engage our RPP 
stakeholders, we devised an activity grounded upon the project’s 
ecosystem framework. Our ecosystem drawing method draws 
upon teachers’ familiarity with concept maps to create an 
effective qualitative methodology. We devised two approaches 
toward the drawing activity to suit the school contexts and 
address specific research questions across the RPP project.  
Drawing and diagramming are a useful qualitative method 
utilizing visual tools as a means for understanding participants’ 
experiences; assisting in the exploration, communication, and 
understanding of research participants thinking [16]. The 
research literature often uses terms such as diagramming, 
mapping, and drawing interchangeably as they are increasingly 
popular interdisciplinary data collection approaches [27]. 
Buckley and Waring [5] posit that diagrammatic representation 
are invaluable in conceptualizing and representing complex data 
sets. Sherwood [24] utilized drawing to identify conceptual shifts 
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in teachers’ classroom instruction as a result of considering new 
science standards. Similarly, Ruef [23] analyzed drawings to 
develop a snapshot of preservice mathematics teachers shifts in 
what they notice and envision in considering optimized visions 
of teaching and learning. The Draw a Scientist Task (DAST) is a 
popular research tool that has been used in science education for 
over three decades. The tool has provided images of scientists 
that have been analyzed to develop descriptions of perceptions 
of scientists sometimes leading to identification of potential 
interventions to promote changes in perceptions [11]. 
Diagramming is related to drawing in that research participants 
relate the features they depict in diagrams to represent aspects 
of their social world [3]. Our use of drawing or diagramming 
using a STEM ecosystem model responds to identified research 
needs with studying learning ecosystems [13], which is a 
complex set of interconnected elements that are dynamic and 
non-linear. There is a need to utilize tools that allow one to both 
identify and monitor relational processes and activities with a 
complex system. In addition, the drawing activity is also a 
powerful reflective activity for the teachers which can be used to 
help clarify a collective vision of where their school is currently 
(and is going) among the participants. 

3 RPP Contexts 
Our STEM ecosystem model evolved through a 
joint  commitment between Reedy Creek Middle School (RC) and 
North Carolina State University (NCSU) to integrate CS/CT into 
all required science and math classes for repeated exposure 
to  CS/CT concepts and practices in all three grades. In our effort 
to adapt our model as a scalable, generalizable approach for 
systematic, school-wide integration of CS/CT into required math 
and science courses, we formed an RPP with UNC Charlotte 
(UNCC) and Northridge Middle School (NR). Our network 
improvement community partnerships [4] are situated within 
the two largest school districts in our state, with distinctly 
different student populations, offering comparative contexts for 
evidence capture, idea testing, and sharing lessons learned. 

3.1 Reedy Creek Middle School 
The RC RPP team meets regularly for coordination. The middle 
school is a digital science magnet program with over 800 
students, with almost half of whom are from underrepresented 
ethnic groups in computing (African American, Hispanic/Latinx) 
situated within the largest school district in the state. During the 
2019 − 20 school year, the RPP team launched an initiative to 
inte grate Snap! coding in classrooms across the school. This 
included the establishment of a core group of teachers at the 
school to lead the initiative with the help of the NCSU team. 
Therefore, RPP goals for the school year included building 
teacher capacity to integrate CT and to strengthen the existing 
ecosystem.  

3.2 Northridge Middle School 
The NR RPP between Northridge Middle School (NR) and UNC 
Charlotte (UNCC) launched in spring 2019, soon after the school 

formalized as a computer science magnet program. NR has over 
700 students, 93% of whom are from underrepresented ethnic 
groups in computing, and is situated in the second largest 
district in the state. Prior to the formal launch of our RPP, the 
university and school had maintained an informal relationship 
with ad hoc support of after school computing activities. During 
spring 2020, the school adopted Python as its primary platform, 
to be integrated across the 6th , 7th, and 8th grade curricula in 
the 2020 − 2021 academic year. Primary goals for our RPP were 
to establish trust, create a culture of open dialogue, and to 
capture data about the barriers and supports within the 
ecosystem.  

4. Procedures and Methodology 
The overall purpose of the drawing activity is to capture 
meaningful data about stakeholder perceptions of the ecosystem 
through open dialogue. Because each school context differs, and 
the relationships were at different stages, two distinct 
approaches were devised. At RC, the partnership is well 
established, therefore the objectives were to a) assess the current 
ecosystem as a benchmark of RPP progress, b) to facilitate 
dialogue about the ideal ecosystem, and c) identify any necessary 
project refinements to achieve the ideal in the course of the 
project. The NR partnership was in its initial stages, therefore 
the objectives were to a) demonstrate our project framework, b) 
develop a trusting relationship, and c) capture baseline data 
about the nature of the ecosystem from the perspectives of 
teachers and administrators. 

4.1 Reedy Creek-NCSU RPP 
In December of 2019, two researchers of the larger research 
team from NCSU met with nine members of the school’s Digital 
Science Team (DST). Composed of administrators and teacher 
leaders who have led CS/CT integration activities for over a 
year, the DST was selected as a sample of the teacher population 
at the school because of their intimate involvement with the RPP 
over the past  year. The researchers briefly presented the 
primary goal of the RPP to create a CS/CT-focused ecosystem, 
along with an example of a STEM ecosystem. Each team member 
was then provided with a template consisting of blank bubbles 
with connecting lines (one large blank bubble in the middle with 
lines from it connecting to eight smaller bubbles). The 
participants were then directed to draw or write in as many of 
the perceived components of the current CS/CT ecosystem at 
their school. After ten minutes, the researchers collected each 
graphic artifact and then held an open discussion with the team 
about their responses. Then, each team member was asked to 
complete the same procedure for what they perceived would be 
an ideal CS/CT-focused ecosystem at their school. Graphic data 
was both collected and analyzed by the same two members 
of the research team. This strategic approach enabled the 
researchers to become highly familiar with the data through its 
collection phase, the iterative process of reviewing and analyzing 
it, and improved interrater reliability through collaborative 
analysis. First, the researchers created a table to document the 
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essence of the components listed on each participant’s artifact. 
Similar components were noted as duplicate responses. Then 
they utilized a whiteboard to condense the data by mapping it 
into categories and emergent themes, resulting in two aggregate 
interpretations. According to[8], member checking is an 
important validation strategy to ensure credibility of findings 
and that interpretations represent participant views. Thus, both 
researchers replicated the depictions of the aggregated analysis 
(current and ideal) from the whiteboard into the original 
template given in Figure 1. Then the researchers met again with 
the DST to member-check the data and engage participants in a 
more in-depth and open-ended discussion of their perspectives. 
 

Figure 1: RC Current and Ideal Ecosystem Synopsis 

4.2 Northridge-UNCC RPP 
All school staff, administrators and teachers participated in a 
half day professional development event on the university 
campus, with 60 total participants in the Fall 2019. The drawing 
activity was conducted at the start of the event, for 45 minutes. 
During the first 15 minutes, an overview of the model (Figure 2) 
was shown to the group by a member of the research team, and 
described to the NR teachers and administrators as an 
orientation to the RPP. Consent was obtained, allowing 30 
minutes for individuals to draw their own diagrams. Participants 
were given sheets of paper with a blank ecosystem template and 
asked to draw pluses and minuses in their circles to indicate 
supports and barriers to including CS into the curriculum. A 
total of 27 drawings were submitted; a sample is shown in Figure 
3. The activity facilitator observed several pairs of participants 

opting to discuss and draw together. Follow up discussion was 
facilitated from which contextual notes were obtained for group 
sense-making. 

 
Figure 2: STEM Ecosystem Model 
 
Thematic analysis was conducted with coding conducted by 
three researchers at UNCC. To systematically ‘transcribe’ each 
drawing, a spreadsheet was created. Each drawing was labelled 
numerically, in no particular order, with each drawing 
represented on a spread sheet row. The center circle drawing 
contents were entered first, with all remaining circle contents, 
including pluses and minuses, entered in clockwise order. A 
process of open coding [25] was applied to the raw data, which 
was conducted individually by each researcher, afterwhich 
consistencies and discrepancies were identi fied [18]. A meeting 
was conducted with the researchers to discuss discrepancies in 
coding themes and derive consensus. Indication of either 
strength or barrier was made based on what was written in the 
circle, e.g. a plus, a minus, ‘support,’ or ‘barrier.’ In cases without 
indication, the research team coded these as neutral.  
 

 
Figure 3: Sample Ecosystem Drawing from Northridge 

5 Results 
We describe findgings that inform our partnerships, and how the 
application of the data collection activity served as an effective 
methodology for data capture and relationship development. 
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5.1 Reedy Creek Outcomes 
5.1.1 Current Ecosystem. After analyzing the drawings from the 
DST, the following major components emerged consistently 
across the current ecosystem: human resources, activities, and 
external stakeholders. The human resources component referred 
to the specific school staff that planned or implemented digital 
sciences integration into the school community, including the 
magnet coordinator, technology coordinator, media specialist, 
administration, and teachers. These individuals were 
predominantly charged with doing the work in the ecosystem. 
The activities component described the current professional 
development (PD) offerings for teachers to gain familiarity with 
CT and coding as well as the opportunities for students to 
engage with the material in class and through extracurricular 
clubs. The activities were well aligned with the magnet program 
theme, implemented throughout the curriculum, and fostered 
interest and engagement by both teachers and students. The 
external stakeholders component referred to people and entities 
external to the school, such as business partners and parents, 
that contributed to the ecosystem by investing their time or 
expertise. This included support from the university partners.  
In describing the current ecosystem, teacher comfort level with 
engaging in this material and attitudes appeared to be a major 
success factor to leveling the organizational challenges of trying 
something new. In particular, the team underscored the 
importance of the interest, buy-in, commitment, and support 
from their administrative leadership and fellow teachers. 
Students were also highlighted as a key partner as they also have 
differing levels of understanding and buy-in.  
Interestingly, access to technology at home was mentioned as an 
external factor, which could have even stronger implications 
now given the COVID-19 pandemic and the necessity of remote 
instruction. Considering their limitations, the team noted how 
digital tools, time, physical space, and clear communication and 
expectations could be improved to enhance their ecosystem.  
5.1.2 Ideal Ecosystem. DST members envisioned an ideal 
ecosystem to include the following main components: time, 
technology access, and stakeholder buy-in. Specific examples 
from participant’s artifacts and through our member checking 
discussion, demonstrated that DST members believed ample time 
within the ecosystem would allow for the building of critical 
resources such as a more coordinated CS curriculum and PD 
activities. Regarding the theme of technology, district-provided 
technology is chronically limited in terms of quantity and 
quality. Thus, an ideal ecosystem would have 1:1 student device 
availability, and less district-imposed restrictions on the 
accessibility of materials. Furthermore, the “digital divide” 
continues to be a common challenge as schools implement more 
digital-based home assignments. As such, in an ideal ecosystem, 
DST members voiced that “digital equity” among their students’ 
home access to technology would prevail. Finally, they expressed 
the importance of buy-in among students, parents, teachers, and 
administrators. However, they also acknowledged how buy-in 
can look different for each group. For example, for students, buy-
in may be choosing to participate in an optional extracurricular 

club or activity, whereas for teachers buy-in may be garnered 
through providing incentive and recognition.  

5.2 Northridge Outcomes 
Thematic analysis resulted in several codes of features that were 
grouped into six broad categories, which were then organized 
into supports, barriers, and neutral as shown in Table 1. Coding 
for support or barrier was made in cases where a circle was 
explicitly indicated as such. Overall, there were a total of 56 
explicit supports and 53 explicitly noted barriers. A total of 78 
features had no indication and were classified as neutral. Across 
the 27 diagram drawings submitted, the school was written into 
the center of the drawing in 8 cases, with the center circle left 
blank in 11 cases. “Students”, and “Computer Science” were 
written into the center circle in three cases each, with “Teachers” 
in the center circle on two diagram drawings. Based upon follow 
up discussion, teachers assumed the center circle to be indicative 
of the most influential element of the ecosystem and were 
largely uncertain. We interpret this to indicate that they perceive 
a holistic system, rather than a hierarchical structure of 
influence.  
5.2.1 Supports. The dominant supportive ecosystem component 
noted was technical resources. With a new designation as a CS 
coding magnet, ample resources within the school were listed. 
The most frequently noted resource was the school Maker Space 
lab. Teachers’ enthusiasm and readiness was viewed as a 
strength within the ecosystem, as were community and parental 
support to a small degree of frequency.  
5.2.2 Barriers. Despite being the second most frequently noted 
support within the ecosystem, teacher preparation was most 
frequently indicated as a barrier to integrating CS into the 
curriculum. The teachers indicated the time required for their 
preparation, and necessary Professional Development and 
training to prepare them for integrating CS into the classrooms. 
An expression of fear, anxiety and lack of confidence was 
indicated also, undoubtedly related to the pressures from the 
many demands faced by teachers in a school amidst transition. 
 
Table 1. Northridge Themes of Barriers and Supports 

 
 
Students were a noted barrier, and viewed mainly as an obstacle, 
with comments about lack of preparation and motivation to 
engage in CS. Whereas Chromebooks were a commonly noted 
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support, outdated technology was mentioned as a barrier to 
infusion of CS.  
Although the frequency was low, policy may perhaps be the 
most substantial barrier within the ecosystem, as teachers 
indicated the curriculum standards present challenges to 
integration of CS. Lacking access to technology at home is a 
major equity issue to be addressed.  
5.2.3 Neutral. There were a large number of circles without 
indication of support or barriers. Through discussion with the 
teachers following the activity, we see the complexity of labeling 
a feature as an exclusive support or a barrier. Many of the 
features operate as both a support and a barrier depending upon 
context. For example, lack of student interest is a noted barrier, 
yet there is optimism that with engaging teaching strategies, the 
students’ interest and motivation to learn will increase. Many 
teachers view current barriers as opportunities for development 
of support, and expressed enthusiasm for enhancing their own 
awareness of CS/CT to better facilitate student learning.  

6 Discussion 
This report demonstrates two cases of a novel research 
methodology to support school-university collaborative research. 
The graphic data collection tool offers a practical technique for 
collaborative teams such as RPPs to collectively engage in the 
research process. In our applications, we employed the technique 
as a formative assessment tool to elicit practitioner perspectives 
and a relationship building tool to foster an ongoing dialogue 
about understanding the ecosystem. This tool is versatile and can 
be adapted to address multiple problems of practice depending 
on school and university partners’ interests, stage of partnership, 
and contexts.  
Informed by these research activities, we have collectively 
developed more targeted RPP goals for the upcoming school 
year. As illustrated by Hendrick et al.’s RPP Effectiveness 
Framework [14], two important indicators of productive RPP 
engagement are (1) promoting collaborative decision-making 
and equitable participation in all phases of the work, and (2) 
providing research to support improvements in the partner 
organization. We think the graphic data collection tool 
exemplifies these features by creating opportunity to capture 
multiple perspectives in an active dialogue about enhancing the 
ecosystem. The versatility of this graphical technique allows us 
to continually assess the ecosystem over time [17], documenting 
growth and collectively identifying strategies to support its 
growth.  

6.1 Impact on Established Partnership  
Eliciting the practitioners’ perspectives of the ecosystem through 
the graphic drawing method was a necessary step to help the 
research team identify its current state and to understand where 
to focus efforts for continuous improvement. The drawing 
activity enabled us to stretch beyond the routines of regular 
feedback meetings, by giving us a creative means for open 
discussion. The results from our studies at Reedy Creek 
demonstrated a need to more fully integrate students’ home 

lives, enhance family engagement, provide ongoing teacher PD 
and interdisciplinary collaborations, and plan for consistent 
integration across each grade level.  
The methodology achieved our goals of capturing information 
about the current ecosystem from multiple teacher perspectives 
and further refine our understanding of the shared vision. The 
use of the graphic data collection tool was transformative in our 
partnership. Uses of the graphic tool facilitated a departure from 
routine conversations towards more meaningful dialogue, 
combatting stifled dialogues [15].  

6.2 Impact on Developing Partnership  
It is not surprising that continuing barriers were noted, given 
that Northridge was a newly established CS magnet school. 
Teacher preparation for implementing CS into the classrooms 
was a primary concern, since the majority of them had no prior 
exposure to CS. As a result of these formative findings, we 
initiated more frequent and accessible professional development 
options, e.g., full day Python workshops, and provided additional 
training and support for ‘Lead Teachers’ to serve as subject 
matter experts for classroom support. 
Engaging the educational practitioners in the drawing activity 
enabled us to launch our partnership at Northridge by setting an 
expectation of collaboration and open dialogue between the 
teachers and research team. The activity catalyzed teacher 
engagement within a large group by providing an avenue for 
dialogue and participatory problem solving, a key feature of 
RPPs [1,2]. We observed the current perspectives of the 
ecosystem, and created a benchmark from which to gauge 
changes and direct our future vision. The application of the 
drawing tool enabled us to  share our theoretical framework, 
build trust and open dialogue, and understand the teacher 
perspectives.  

7 Conclusion 
This experience report demonstrates how a visual data collection 
methodology can be utilized in multiple RPP contexts with a 
variety of stakeholders. The approach offers a rigorous yet 
flexible evaluation and research technique, with a creative 
delivery mode designed to align with the RPP philosophical 
framework. It is an engaging way of creating and sustaining 
meaningful dialogue between partnerships that promote 
understanding and shared vision setting. It is versatile and can 
be utilized at various stages of RPPs, whether to build 
relationships, or to set new course directions. This qualitative 
approach fosters conversations and collaborations of complex 
educational contexts, while simultaneously providing research 
and evaluation metrics. We plan to repeat this methodology on a 
deeper level with teachers and administrators, and to deploy this 
method with parents and students.  
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