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As computing education becomes more integrated into 
K-12 classrooms, the need to concurrently develop teacher 

content knowledge and pedagogical content knowledge 
means that there are also time-sensitive needs for measuring 
the effectiveness of professional development (PD). However, 
what measures of assessment and evaluation exist? Where 
should funding be directed to fill those gaps? During a recent 
workshop, we set out to answer those questions. Our results 
indicate that there remain notable gaps in formative teacher 
assessment and evaluation, including within teacher impacts 
on equity, integrated computational thinking and computer 
science, human/curricular support structures, efficacy, and 
student impact factors.

INTRODUCTION
To meet current demands for computing educators, K-12 
teachers face an unprecedented task of learning computer sci-
ence and computational thinking while simultaneously learn-
ing the pedagogical content knowledge needed to convey that 
knowledge successfully to students. Factors such as teacher 
self-efficacy, empowerment, and teacher support systems, 
have all been shown to directly impact academic achievement 
across a variety of other fields [18,27]. For example, teacher em-
powerment has been shown to strongly correlate to academic 
achievement in reading and mathematics [46] and collective 
teacher self-efficacy strongly correlates to reading, writing, and 
mathematics [22,47]. Teachers’ attention to weak students, set-
ting of performance targets, workload, administration of stu-
dents’ classroom assignments has also been shown to affect 
academic achievement [26].

As computing education becomes more integrated into K-12 
classrooms [2,6,13,16,17], the need for concurrently developing 
teacher content knowledge and pedagogical content knowledge 
means that there are time-sensitive needs for measuring the ef-
fectiveness of professional development (PD). During the 2019 
ACM International Conference on Education Research (ICER), 
a workshop was held with 26 evaluators, researchers, and oth-
er stakeholders to investigate evaluation and assessment needs 
across computing education [15]. Participants were grouped by 
their selected areas of interest: Primary, Secondary, Post-Sec-
ondary, and Teacher. This article’s authors were in the teacher 
group, which had representation from across the United States 
and Canada and decades of collective experience in teacher 
PD, assessment and evaluation, and PD resource and capaci-
ty building. Our experiences include theoretical expertise with 

Figure 1: As computing education becomes more integrated into K-12, 
there are also time-sensitive needs for measuring the effectiveness of 
professional development.
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a deep understanding of practice, including former secondary 
computing education teachers, educational researchers, and 
computer scientists in academia. Our goal was to identify the 
current needs for evaluating teachers who teach computing ed-
ucation to enact an improvement science lifecycle, then consid-
er how those needs could be met.

Our discussions borrowed methods from participatory ac-
tion design and were guided by prompts like “What measures of 
assessment and evaluation do we currently use and have avail-
able to us?” but then dug deeper into questions like “What are 
our needs in our current research?” and “What views about as-
sessment present barriers to its full integration into programs?” 
For each prompt, we placed our individual responses on sticky 
notes, followed by discussions of our responses (Figure 2).  
We then grouped the responses into categories to gain a broad-
er sense and consider if the responses accurately reflected the 
state of the field. This led to a detailed overview of the gaps 
in these measures in K-12 computing education and steps the 
community can take to help fill these needs. 

This analysis is timely and relevant to those who want to un-
derstand teacher impact on computing education as it moves 
swiftly into primary and secondary schools, including funding 
bodies interested in engaging an improvement science model 
with the goal of improving student outcomes.

CURRENT ASSESSMENT AND EVALUATION 
MEASURES
Measures of student learning and engagement often take pre-
cedence over individual measures of teacher success and of 
measures of what happens in the classroom. Unfortunately, this 
creates a “closed box” effect where it is impossible to paint a full 
picture of not just what is happening with students, but how 

the environment contributes to those outcomes and can be im-
proved to enable equitable outcomes for all learners. Research-
ers and evaluators can expand the view to include the intend-
ed curriculum (e.g., the curriculum as designed by in-district 
designers, packaged curriculum providers, and teachers) and 
the enacted curriculum (e.g., what happens in the classroom) 
[35,37]. These variations and their impact on learners need to 
be accounted for and discussed as an important part of assess-
ments, since they can help explain the variability in student 
academic achievement across classrooms, schools, and educa-
tional settings. Teachers are at the heart of implementation, and 
therefore understanding teacher profiles, in addition to curric-
ular manipulations, can provide additional information for re-
searchers and implementers for program improvement. 

In this article, we focus specifically on the characteristics of 
teachers that have been explored in CS education research, as 
well as discussed in the workshop described above. CS educa-
tion implementation efforts have focused on teacher PD, and 
therefore a significant portion of publications includes exam-
ples of both qualitative [23] and quantitative measures [33] of 
teachers’ content knowledge and beliefs. Additionally, national 
studies give us curricular independent examples of teacher as-
sessment [3,20]. We defined the four focus areas that follow.

Content knowledge includes micro-credentials, teacher re-
flection, surveys, Scantron tests such as “Which of the follow-
ing lines of code complete the task,” and assessment of projects.

Pedagogical content knowledge includes assessing teachers 
via surveys (e.g., PCK surveys, Vignettes, use of reform oriented 
practices), observation/interviews (e.g., assessing how students 
decompose algorithms, use parameters/arguments, classroom 
observations, interviews to understand teacher practices, 
discuss creative design aspirations, and classroom observa-
tions-intentions), and artifacts (design journals, collecting ex-
amples of practice, revised aspirations, lesson plans).

Efficacy/beliefs includes self-reported evaluation measures 
including attitudes/self-efficacy, teacher self-confidence on 
individual units, use of instructional strategies in the curricu-
lum, teaching practices, community support, engagement, and 
equity practices. Group members have also evaluated teacher 
beliefs of students’ growth mindset, belief in student outcomes, 
and dispositions toward equity using identity awareness/blind-
ness and dichotomous statements.

Program evaluation includes assessing administrators or 
planning of support for initial PD alignment, ongoing learning, 
concerns based model of adoptions (self, task, impact), teacher 
leadership advocacy, participation in research, which students 
are engaged in learning, and the identification of challenges that 
teachers face and their desired level of support.

These four categories are evident in other teacher quality 
evaluations. The National Survey of Science and Mathemat-
ics Education (NSSME) similarly divide their measures into 
Teacher Background and Beliefs, Professional Development, 
Courses Delivered, Instructional Decision Making, Objectives, 
and Activities, Instructional Resources, and Factors Affecting 
Instruction [3]. The CS Education community can draw more 

Figure 2: By answering and discussing prompts, we were able to tap into 
our individual expertise for formulating a larger picture of evaluation 
and assessment of teachers involved in teaching computer science and 
computational thinking.
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background and experience from broader education and teacher 
effectiveness literature in thinking about what factors may in-
dicate teacher quality and ultimately impact student outcomes.

GAPS IN ASSESSMENT AND EVALUATION 
MEASURES
The development of CS research assessments with evidence of 
validity is still an open research area [48]. We identified several 
gaps in measures for assessing and evaluating teacher factors 
impacting student academic achievement, categorizing them as 
Teacher Impacts on Equity (with a subcategory of Culturally 
Relevant/Responsive Instructional Practice), Integrated CS, 
Human/Curricular Support Structures, PCK-Efficacy, and 
Student Impact Factors.

Given their importance, each of these is described in the fol-
lowing subsections. For each category, we discussed and came 
to a consensus on its Possibility of Design (Easy, Medium, or 
Difficult), Possibility of Implementation (Easy, Medium, or Dif-
ficult), and Priority Level (Low, Medium, or High) (see Figure 3). 

TEACHER IMPACTS ON EQUITY
One of the goals for broadening participation is to provide every 
student the opportunity to learn CS [14]. Teachers play a crucial 
role in creating and sustaining the environment needed to make 
this happen [29]. Acknowledging that teachers often teach stu-
dents who do not look like them, their personal experiences are 
not relevant in either a modern pedagogical environment (can-
not reflect on their own school) or in the cultural context where 
they teach. With broadening participation goals, it is important 
that we acknowledge that this is not only critically important, 
but that even experienced educators may lack the competence 
in equity discussions as many teachers come from a STEM back-
ground and are not used to deep discussions of culture and eth-
ics. Therefore, there is a need for measurements to assess teacher 
knowledge of how to engage all students equitably in their class-
rooms. This includes the ability to measure how well the com-
munity facilitates PD experiences designed to prepare teachers to 
bring CS to students in culturally relevant ways and how well PD 
prepares teachers to leverage community-based resources.

Teachers make instructional and structural decisions every 
day that impact equitable outcomes, including lesson presenta-

tion, skill practice, questioning techniques, discipline, and how 
the worth and dignity of each student is attained [25,42]. Struc-
tural decisions may include recruitment strategies and targeted 
populations, knowledge of resources to engage under-repre-
sented youth in considering CS classes, and appropriate im-
ages (classroom decorations) [4], and promising practices for 
messaging about the content within the course. Instructional 
decisions happen both in the planning and delivery of course 
content [25,41,42], and the ability for teachers to consider equi-
ty in those moments is also an important skill that needs to be 
assessed to evaluate teacher efficacy.

Promising practices that reinforce equitable outcomes are 
grounded within high quality instruction [29]. The NSSME 
labels impactful practices as reform-oriented practices and 
include collaborative environments that make use of real-
world problems as an example of a reform-oriented practice 
that is aligned with promising practices for encouraging 
equity [3].

As an important subcategory of teacher impacts on equi-
ty, measurements are needed for assessing and evaluating the 
ways in which teachers are prepared to adopt lessons to best 
meet cultural and community values, challenges, and interests 
of their students. This practice is not about just borrowing “di-
versity” lessons, but rather developing teachers’ capacity for 
richly crafting new lessons or adapting lessons to meet their 
own individual student populations. This corresponds to re-
search in other fields where pre-service teachers are trained 
and evaluated [44], the impact of PD on teachers for cultur-
ally relevant practices is explored [39], and the examination of 
teachers practice of including culturally relevant practices in 
their everyday teachings [7,8]. Specifically, we declare a need 
for assessment and evaluation methods to measure several 
factors in computing education, including the qualifications of 
teachers, engagement of underrepresented populations, teach-
er expertise (including development and evolution over time), 
and others shown in Figure 4.

We rated this category’s design possibility as easy due to the 
ability to observe practice in a classroom based upon promis-
ing practices in the CS education literature. Implementation is 
difficult, since it takes significant resources to do this at scale. 
Even so, creating measures of teacher impacts on equity is high 
priority.

Figure 3: By identifying the evaluation and assessment measures most needed and achievable, funding and 
resources can be directed to these needs.
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how they impact teacher development and growth (e.g., PCK), 
mastery, and leadership, as well as determining which are most 
critical with respect to academic achievement in computing ed-
ucation (see Figure 5).

Education implementation research provides a theoretical 
framing for the hypothesis that the structures that surround 
teachers, both human and curricular, impact teacher’s perfor-
mance and development. Some key factors that have only been 
briefly explored in CS education include instructional coher-
ence [10], distributed leadership [45], teacher social networks 
[11], and more. Each of these structural supports (or barriers) 
can contribute to the overall efficacy of teachers and should be 
considered in any evaluation of teacher development.

Measures of human and curricular support structures and 
their impact on academic achievement that are still needed in-
clude those that measure teacher agency [8,36,38], teacher en-
gagement in communities of practice [1,12], and knowledge of 
standards with the ability to map standards to curriculum [34,40]. 
Figure 3 defines a list that will enable the research and evaluation 
community to move forward in developing these measures.

We rated this category has a medium to high priority. How-
ever, the possibility of its design is medium due to the catego-
ry requiring the measurement of the substantive impact of the 
human/curricular support structures. The possibility of imple-
menting these measures is easy.

PCK EFFICACY
The Pedagogical Content Knowledge (PCK) Efficacy category 
emerged as the combination of teacher PCK and the implica-
tions of that for teacher practice. As shown in other subject 
areas, those implications can have direct impacts on practice 
(being savvy to Gaps in Assessment and Evaluation (Human/
Curricular Support Structures) teach) and academic achieve-
ment [5,21,24] as well as indirect impacts in terms of transfer-
ring CS to integrated scenarios. In this category PCK is not the 

INTEGRATED CT/CS
There are currently many initiatives focused on integrating 
Computational Thinking (CT) and Computer Science (CS) into 
other knowledge areas, such as mathematics, biology, and other 
STEM fields [43,49]. Our field has developed initial understand-
ings about how some CS practices may impact student learn-
ing in specific disciplines (e.g., using a computational model to 
explore a physical phenomenon). Within this category, we seek 
to understand how a broader subset of CS practices (e.g., ab-
straction, debugging, pattern recognition) may impact content 
learning, particularly applied to disciplines in which computer 
science is not traditionally integrated. We also recommend the 
further exploration of how content teachers can facilitate CS 
practices in ways that build students’ knowledge and efficacy 
in computing.

This category requires measurements in both PCK and Con-
tent Knowledge (CK), including measuring the impact that CT/
CS integration has on other academic achievement and teach-
ing in other disciplines and the teacher-facilitation strategies 
that strengthen CT/CS integration. While some CS curricula 
have been designed to integrate concepts from CS/CT into 
other academic areas, there is little research into the impact 
that teacher preparation and practice can have on integrated 
approaches.

We rated this category as high priority. However, it is ex-
ceedingly difficult to design such measures due to their com-
plexity and layers of content and pedagogy being enacted. 
Implementation is challenging as well due to the difficulties in 
aligning content within other subdomains and reaching agree-
ment among experts for an assessment or evaluation measure’s 
usage.

HUMAN/CURRICULAR SUPPORT STRUCTURES
There are a broad range of rich curricula and PD programs, 
communities of practice, and professional learning networks 
for CT/CS teachers, especially compared to a few years ago. 
There is also a variable amount of development of programs 
that affect systems and environments in which teachers are sit-
uated (e.g., policy, principal support, school factors). Evaluating 
these structures and ecosystems is important to understand 

Figure 4: Equity and student outcomes are important factors in knowing 
whether teachers are prepared to impact all students.

Figure 5: Human and curricular support structures have a measurable 
impact on academic achievement on K-12 learners.
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GUIDING VALUES FOR ASSESSMENT 
Rather than viewing assessment and evaluation as a single step 
that happens at the end of an intervention, we encourage read-
ers to view it more holistically. We invite the community to 
consider the following guiding values when assessing and eval-
uating (also see Figure 6).

We communicate our community’s values through assess-
ment. What matters most to the community should be driv-
ing those program elements that should be assessed. The goals, 
as set forth by the community, must be specifically mapped to 
assessment. Community involvement includes the input from 
teachers through the shared language and understanding of 
what is important as well as the “lived experiences” of students. 
These then directly translate into what needs to be assessed.

We use assessment to peel back layers of those factors that 
impact student learning and to discover what is happening in 
the classrooms. Assessment can help pave the way for teacher 
growth and student learning in the classroom.

We see further need to shift from the more ad hoc practice of 
assessment to one that emphasizes and upholds improvement 
science. We cannot improve what we do not measure and what 
we are unable to understand. Developing assessments based on 
theory and then assessing the results according to theory will 
help move the practice from a more ad hoc practice to one that 
has a solid foundation.

To achieve CS for All, we must work to change teachers’ belief 
systems about equity in addition to how these beliefs can be 
integrated into the classroom. Though many of these practices 
are in place in many classrooms, moving these practices into 
all classrooms in all schools will have a tremendous impact on 
achieving CS for All.

To achieve full adoption of these principles, many cultur-
al and attitude shifts must occur within the field. For example, 
K-12 teachers and administrators have some input and control 
over PD design, standards, and policies, which is a start in under-
standing community values and as well as the enacted classroom 
curriculum. However, they have less control over funding, the 
design of coherent pathways, and teacher preparation programs.

These values and their implementation require further con-
sideration. For example, how do we ensure that the consider-
ations of others within the community, including the perspec-
tives of learners (students), are included in setting these values? 
What, then, do we need to do to ensure that their agency is fully 
optimized in this process given their constraints? As the field 

directly assessed outcome, but a contributor to another mea-
surement. Several measures of assessment and evaluation for 
PCK-Efficacy are still needed in K-12 computing education, in-
cluding the following.
• �Impact of the teacher self-efficacy on PCK for in-service 

subject changers
• �Impact of tech “savviness” on teaching (Technological 

Pedagogical Content Knowledge (TPACK), Computer 
Science Pedagogical Content Knowledge)

• �Knowledge needed integrate CS into content areas
• �Impact of PCK on teaching a lesson on computing

We rated the possibility of design measures in PCK Efficacy 
as difficult, the possibility of implementation as difficult, and 
the priority level as low.

STUDENT IMPACT FACTORS
The assessment of student factors was derived from the need to 
measure student factors that are reflective of teacher implemen-
tation of curriculum [28]. Assessment of student factors also can 
be used to measure how teachers’ implementation of these fac-
tors influence their own practice [19,30,31]. These measures al-
low teachers to reflect on their own practices and how they drive 
or influence the impact of their teaching and opportunities for 
learning. Gaps for assessing and evaluating students to inform 
and improve teachers’ PCK include the following.
• �Transfer of knowledge
• �Synthesis of techniques (e.g., blocks into solving other tools)
• �Creativity
• �Ability to craft assessment on creativity/transfer
• �Ability to craft formative assessment
• �Ability to determine appropriateness of assessment
• �Ability to craft summative assessment
• �Variance in student content outcomes (though only partially 

explained by student variance)

We rated this category as easy to design, medium for imple-
mentation, and of extremely high priority.

RECOMMENDATIONS
With respect to assessment, then, what are the changes that are 
most needed? And what recommendations can we provide to the 
larger community to start to enable the creation of these measures?

Figure 6: Applying growth mindset principles to the assessment of teachers is critical in ensuring that the community’s values 
are incorporated, and teachers are given the support needed to grow.
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• �Build PD based upon theory and assessment of theory
• �Identify how to implement CS curricula by identifying and 

making individual exemplars for the wider community

CONCLUSION
We consider this to be the start of the conversation on identi-
fying the needs for formative assessment of K-12 teachers in 
computing education and answering many important ques-
tions embedded in the process. We further recommend that 
priorities are based on the possibility of design, possibility of 
implementation, and priority level. Human/Curricular Support 
Structures, Teacher Impacts on Equity, and Student Factors rat-
ed high in the prioritization matrix. Integrated CT/CS is also 
important, but its design possibility was rated as exceedingly 
difficult due to its complexity. PCK Efficacy is both difficult to 
design and implement and, with a low priority level, we did not 
rate this factor as important as others.

Carrying this forward into the larger ACM community en-
gaged in broadening participation and CS education efforts, we 
invite the computing education research and evaluation com-
munity to consider how to prioritize resources and enable the 
development of these instruments and assessment models—
but within the context of improvement science. As computing 
education continues to ramp up in the K-12 space, the process 
of gathering metrics to enable teachers to reach all students will 
not be easy, particularly at scale. Focusing on small and incre-
mental steps will enable this process to unfold and build a solid 
foundation for computing education for years to come.  
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