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Abstract

Introduction. This work in progress explores pathways to computer science (CS) teacher
certification. The U.S. collects data on initial teacher certification, but many CS teachers earn
CS licensure by a different pathway, such as by adding CS to a previous license. Thus, there
is a gap in data concerning the pathways to CS licensure. This gap may present barriers to
improving CS education, given that important insights into recruiting and preparing CS
teachers may be unknown due to a lack of knowledge about teachers’ pathways. Gaps in our
understanding of CS teacher pathways may pose particular challenges to states as they seek to
expand high-quality CS learning opportunities for all students.

Methodology and Processes. We are engaged in a two-year project to gather data about
the pathways to CS certification – including the number and characteristics of teachers who
follow each pathway. This work describes the results from our first year, which involved
piloting data collection for ten states via document analysis and interviews with state CS
leaders.

Results. We have identified over 80 different pathways to CS certification in total, with
requirements ranging from the more common (e.g., passing a CS content exam) to the less
common (e.g., a portfolio review). We found that interviews with state CS leaders were
essential to gaining knowledge that was not necessarily apparent from the state’s licensure
website and other online documentation. The second phase of the project will involve the use
of data requests to gather information from states about the number of teachers who follow
each pathway as well as the characteristics (i.e., race/ethnicity, gender, years of teaching
experience, disability status) of these teachers. We are also gathering data about the
institutions authorized by each state to prepare teachers for CS certification, as well as the
count of sections of CS courses taught by teachers according to the teacher’s pathway to CS
certification. This data will be used to better understand the landscape of CS teacher
pathways.

1 Introduction and Background
Computer science (CS) is a key component of engineering education, not only because CS is a
subset of engineering education but also because engineers increasingly use CS skills [1], a trend
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likely to accelerate as AI (itself a subset of CS) becomes a ubiquitous tool for engineers [2]. Skills
central to CS support engineering education skills; for example, computational thinking skills are
crucial to engineers and are thus a concern of engineering education research [3–6]. Thus, the
state of K-12 CS education – including how CS teachers are prepared – will have an important
influence on engineering education and, ultimately, the professional practice of engineering.

The U.S. government gathers data on initial teacher certification, but many CS teachers gain CS
certification via another route. For example, one pathway to CS certification is as an add-on
endorsement to another certification. As a result, there are gaps in our knowledge of the pathways
to CS certification. These gaps may present barriers to improving CS education, given that
important insights into recruiting, training, and assessing CS teachers may be unknown. While
paths to CS certification are similar to paths in other content areas, some states do offer different
paths (e.g., a CS “micro-endorsement” in Georgia that permits teaching introductory CS courses
while pursuing full certification). These paths may ease shortages of CS teachers [7]. Similarly,
for most states, the levels permitted to teach (e.g., middle school) parallel what is permitted by
other certifications, and there are mechanisms for permitting teachers without a CS certification to
teach in exigent circumstances.

The lack of knowledge about pathways means that it is difficult to research the implications of
those pathways and their requirements [8]. Eleven states have created CS graduation
requirements for all students in the last decade [9], and gaps in our understanding of CS teacher
pathways may pose particular challenges to these states as they seek to scale high-quality CS
learning opportunities for all students.

In an effort to remedy this lacuna in data about CS teacher pathways, we are engaged in a
two-year project to gather data – including the characteristics of CS teacher pathways as well as
the number and characteristics of teachers who follow each pathway. This work describes the
results from our first year, which involved piloting data collection for ten states via document
analysis, interviews with state CS leaders, and requests for data.

2 Methodology
This project involved the analysis of CS teacher preparation pathways in ten states (Alabama,
Arkansas, Georgia, Hawai’i, Indiana, Maryland, Minnesota, Pennsylvania, Texas, and
Washington). These states were chosen because they represent a variety of approaches to CS
teacher preparation (e.g., requirements differ between states, some have more than one CS license
while others have none).

We used two data sources for this project. First, we conducted a content analysis of publicly
accessible state documents that describe requirements for the state’s certification pathways. These
documents included general overviews of requirements, forms for teacher candidates to complete,
and so forth. Second, we conducted interviews with representatives of each state with expertise in
their state’s CS teacher preparation programs and data collection efforts. We used the interviews
to verify and contextualize the information gathered from the content analysis.

We categorized each certification pathway as belonging to one of the following categories: (1)
initial certification via an institution of higher education, (2) initial certification via an alternative
provider, (3) add-on to an existing teaching license, (4) authorization based on another teaching
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license, (5) out-of-state teachers, and (6) other. We also noted the requirements (e.g., coursework,
a standardized test) for each pathway. Some pathways allow the candidate several options; in
these instances, we collapsed the options into a broader descriptive category. For example, if a
candidate had the option to be (1) licensed in another state, (2) have a National Board certificate,
or (3) present a portfolio of their work, we categorized this group as requirements related to
pedagogical knowledge.

3 Results
3.1 Findings Related to the Data-Gathering Process
We identified two major challenges to the process of gathering and cleaning the data sought for
this project. First, an understanding of the local context is crucial. For example, in Texas, school
districts may be designed a District of Innovation if they meet certain performance metrics; this
designation exempts them from some requirements, including those related to teacher certification
[10]. Similarly, content analysis of documents from Indiana identified a very limited selection of
CS classes; local expertise was needed to identify additional CS courses that were cataloged
separately as career and technical education (CTE) courses. Thus, we found that input from state
CS education experts is an important means to contextualize the data gathered from the content
analysis of documents related to CS teacher pathways.

A second challenge was capturing an appropriate level of nuance in the data without sacrificing
the ability to aggregate data. For example, many pathways require prospective CS teachers to pass
a CS exam. But the passing score differs by state, some states have passing scores that differ by
the prospective teacher’s GPA, and states differ in which test is required (e.g., Praxis, GACE,
WEST/NES). As a result, there are differences in pathways even when they have the same
requirement. As another example, we limited each pathway requirements list to explicit
requirements (i.e., requirements specifically mentioned in the state’s documents). But in most
states, holding a college degree is not an explicit requirement for candidates who hold a certificate
in another state (while the vast majority of these teachers likely have a college degree, there are
some pathways – usually CTE-related – that do not require a college degree [11]). Therefore, the
data suggests that only half (49.4%) of pathways require a college degree, but this finding is in
many ways misleading since, implicitly and in practice, virtually all pathways require a college
degree. Another challenge to data organization and analysis was determining how to capture one
requirement that had multiple options for meeting it, such as Hawai’i’s CS license that allows for
coursework, an exam, or an industry certification to be used to meet its requirement to show CS
content knowledge.

3.2 Findings Related to the Data Itself
Broad Patterns

Not every state has a certification pathway in each of the categories. For example, Arkansas does
not have an option to earn an initial CS license via an institution of higher education, although
one could earn an initial CS license via an alternative provider, such as Teach for America.
Because Minnesota does not currently have a CS license, it has few pathways: authorization (e.g.,
teachers with a math license are authorized to teach some CS classes; teachers with visual or
performing arts licenses are authorized to teach other CS classes) and “other” (since a teacher
without authorization may teach a CS course with permission to teach out-of-field).
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The least commonly-offered category of pathways across states is authorization, with only 40% of
states (Arkansas, Maryland, Minnesota, and Texas) in our sample offering this option. The most
commonly offered categories were adding on CS to an existing license and initial certification via
an alternative provider; both of these categories of certification pathways were offered by every
state in our sample save Minnesota (since it does not offer a CS license).

Requirement Frequency

Table 1 shows the percent of pathways with each requirement, by type of pathway.

As described above, because we only cataloged explicit program requirements, some
requirements for licensure may be undercounted. Nonetheless, comparing the frequency of the
various requirements may be useful for gaining insight into the nature of CS license requirements.
Some requirements are quite rare. For example, only one pathway (Arkansas’ Professional
Educator Pathway, an alternative initial licensure pathway) requires a year-end evaluation.
Similarly, while some programs allow portfolios as one of several possible options to meet a
pathway requirement, no pathway in our dataset requires portfolios of work.

4 Discussion
As mentioned in the Results section, we found that a content analysis alone would have left
substantial gaps or misunderstandings in the descriptions of teacher pathways due to lack of
knowledge about the local context. Thus, despite the time and effort required, discussing and
vetting our findings with state CS education experts is justifiable due to the important insight
provided. More challenging were instances related to the process of capturing the appropriate
amount of nuance without limiting the ability to aggregate data. For example, we chose to
exclude implicit requirements (e.g., a college degree) due to the subjectivity and propensity for
error of including them. At the same time, we considered the potential for misleading findings
(e.g., that a bachelors degree is only required by about half of pathways) when describing and
interpreting our findings. In short, balancing nuance and aggregation is a tension to be managed,
not a problem that can be entirely solved.

Based on the states in our dataset, we can make several observations about requirements. First,
requirements tend not to be universal unless they are an inherent requirement of a given pathway
category; for example, all add-on pathways require a license in another subject, but very few other
pathways have this requirement. Similarly, all IHE initial (that is, initial certification via an
institution of higher education) pathways require a bachelors degree, which is otherwise not
commonly an (explicit) requirement. The most common requirements overall (e.g., a CS exam, a
bachelors degree) tend to be objective in nature and to focus on content knowledge. Less common
requirements (e.g., review of credentials, year-end evaluation) are sometimes less objective, less
likely to scale for assessors, and less clearly focused on content knowledge.

There are two main limitations of this study. First, as this is a pilot project, we have only gathered
data from 10 states. We expect future data collection efforts to provide a clearer picture of the
pathways to CS certification in the U.S. Second, data aggregation often required subjective
decision-making; for example, see the methodology section for a discussion of how requirements
with multiple options for the candidate were coded.
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Table 1: Percent Occurrence of Pathway Requirements by Pathway Category

Requirement Add-On Out-of-State IHE Initial Other Initial Authorization Other All

CS exam 50% 40% 90% 59% 17% - 47%
bachelors degree 19% 20% 100% 62% - 62% 49%
licensed in another
subject

100% - - - 67% 8% 24%

review of creden-
tials

- 20% - - - - 2%

licensed in another
state

- 90% - - - - 10%

student teaching - - 60% 3% - - 8%
coursework 12% - 50% 47% 17% 23% 30%
mentored teaching
experience

- - 10% 47% - 15% 21%

employee of a dis-
trict of innovation

- - - - 33% - 2%

teaching experi-
ence

- 20% - 12% - 8% 8%

industry experience - - 10% 25% - 31% 15%
content knowledge 19% - - 19% - 15% 13%
pedagogical
knowledge

12% 20% - 9% - 8% 9%

National Board
certificate

- - - - - 8% 1%

occupational com-
petency assessment

12% - - - - - 2%

professional devel-
opment

12% 10% - 28% - - 14%

high school gradu-
ation

- - - 6% - 8% 3%

industry certifica-
tion

- - - - - 8% 1%

working toward
certification

- - - 3% - 23% 5%

masters degree - - - 9% - - 3%
PRAXIS PLT exam - - - 6% - - 2%
teaching position - - - 31% - - 11%
citizen of another
country

- - - - - 8% 1%

year-end evaluation - - - 3% - - 1%
PRAXIS Core
Academic Skills
exam

- - - 3% - - 1%

associates degree - - - 6% - - 2%
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5 Conclusions
In the second year of the project, we will finish gathering and analyzing the data from the ten pilot
states. We will then refine our approach to gathering data and expand our work to additional
states. We hope to launch a sustainable system for gathering, analyzing, and sharing CS teacher
pathway data such that we can build a picture of how these pathways – and the teachers who
follow them – change over time. We expect our findings to be useful to groups ranging from CS
education researchers to CS curriculum developers to teacher educators to those who advocate for
or set state-level policies related to teacher certification.
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