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ABSTRACT
Computer Science (CS) is a new subject area for many K-12 teachers
around the world, requiring new disciplinary knowledge and skills.
Teacher social-behavioral factors (e.g. self-esteem) have been found
to impact learning and teaching, and a key part of CS curriculum
implementation will need to ensure teachers feel confident to de-
liver CS. However, studies about CS teacher self-esteem are lacking.
This paper presents an analysis of publicly available data (n=219)
from a pilot study using a Teacher CS Self-Esteem scale. Analy-
sis revealed significant differences, including 1) females reported
significantly lower CS self-esteem than males, 2) primary teachers
reported lower levels of CS self-esteem than secondary teachers, 3)
those with no CS teaching experience reported significantly lower
CS self-esteem, 4) teachers with 0-3 years experience had a neg-
ative CS self-esteem, but after four years, teachers had a positive
CS self-esteem, and 5) teachers who lived further from metropol-
itan areas and in some countries reported lower CS self-esteem.
These initial findings suggest a pressing need for future research
to look further into teacher CS self-esteem to inform teacher CS
professional development.
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1 INTRODUCTION
Many countries offer or integrate Computer Science (CS) curricu-
lum into K-12 education [1, 13, 22]; however, recently the introduc-
tion of CS into primary and secondary years curricula has been
a completely new discipline for many teachers in a number of
countries [3, 7, 14, 15, 17, 34, 40]. This presents new challenges
in terms of supporting teachers and schools to implement new
curricula into classrooms as well as preparing teachers to build
their knowledge and skills in a completely new discipline area. To
date, many teachers have not encountered CS within their formal
teacher education training and experiences [11]. Significant effort
is being undertaken to determine best ways to build teacher ca-
pacity in teaching CS, with a recognised need to support teachers
with varying degrees of background skills, knowledge, confidence,
perceptions and identity [27, 28].

A thorough search of computing teacher self-esteem in previ-
ous studies could not be found, indicating that this is a factor that
remains unexplored. Further, a majority of computing education
research studies investigates teacher professional development (PD)
and experience at national level rather than examining the experi-
ences and self-perceptions of teachers across countries. This gap
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led us to explore the following research question: What are the
differences in K-12 teachers’ CS self-esteem compared across countries,
year groups taught, experience teaching CS, gender and age?

This pilot study is important for PD curriculum designers and
providers as well as administrators and overseeing bodies that are
responsible for engaging teachers in PD. If differences are found
across countries, for example, we can further examine why these
differences exist and determine if changes to PD may strengthen
CS self-esteem in countries where it is weaker. Likewise, if teachers
in various age, gender, or year levels groups are shown to have
various levels of self-esteem, we can begin the process of deter-
mining why this is to see how PD can be modified to address this
important concept. Further, we can begin to analyze the scale used
for this measurement to determine if it has evidence of validity and
reliability so that it can used in future studies.

2 BACKGROUND
To frame this work, in this section we provide a discussion around
CS self-esteem and closely related constructs of self-concept and
self-efficacy, followed by related research.

2.1 Self-esteem and related constructs
Self-esteem is an attitude about the self and is related to personal
beliefs and judgements about skills, abilities, social relationships,
and future outcomes [4, 23] and the extent to which the individ-
ual believes themselves to be capable, significant, successful, and
worthy [12] (pp. 4-5). The term self-esteem has been used inter-
changeably with self-concept, self-worth and self-efficacy with a
lack of agreement and consistency about the constructs themselves
in the literature [4, 10], and variations in the way researchers define
the constructs within and across disciplines [44].

However, authors have drawn subtle distinctions, with self-
concept as being about a more general, higher-level construct re-
ferring to a person’s perception of oneself and one’s traits [41]. It is
‘the totality of cognitive beliefs that people have about themselves...
everything that is known about the self’ (e.g. race, likes, dislikes,
values, appearance descriptions), whereas self-esteem is ‘..the emo-
tional response that people experience as they contemplate and
evaluate different things about themselves’(p.220) [23].

Educational psychology researchers are particularly interested
in domain-specific self-concept or self-esteem, which is a person’s
self-evaluation regarding a specific domain or ability in academic
areas, typically through self-reported measures [44]. Similarly, per-
formance self-esteem is one’s sense of general competence and
includes intellectual abilities, performance, self-regulatory capaci-
ties, confidence, efficacy, and agency [23].

Similarly, self-esteem and self-efficacy are closely related con-
structs, but we recognise differences as cited in the literature. Self-
esteem is more broadly concerned with a person’s positive and
negative attitudes or perceptions about their self [38], and within
particular domains [44], whereas self-efficacy is much more task-
specific and is concerned with a person’s belief in their own capa-
bilities to execute specific tasks [6]. To demonstrate these construct
differences, we present a similar statement in different ways below:

• I feel that I have a number of good qualities (global self-
esteem, as seen in [38]).

• I feel that I have a number of good Java programming quali-
ties (domain specific self-esteem, as seen in [8]).

• I can write syntactically correct programming statements
(self-efficacy, as seen in [8]).

In terms of measurement, [38] defines what an individual per-
ceives as "good enough" in their self-evaluation; however, [38] de-
fines high self-esteem as being at a satisfactory level and a person
with high self-esteem as having self-worth and respect for them-
selves. Low self-esteem is aligned with a person feeling rejection in
themselves, dissatisfaction and low self-worth. Coopersmith [12]
argues that individuals with high self-esteem are more effective,
active, and assertive in meeting environmental demands whereas
those with low-self esteem withdraw, which could have implica-
tions for teachers implementing new CS curriculum.

2.2 Related work
Numerous studies to date have examined students’ self-efficacy
in CS. Ramalingam and Wiedenbeck [36] were among the first re-
searchers to develop a self-efficacy scale for programming courses.
This self-efficacy scale has been adapted by other researchers to
explore the relationship between self-efficacy and students’ perfor-
mance [2, 24, 48], and high self-efficacy and a goodmental model are
important to knowledge acquisition and transfer. Another study
by Ramalingam et al. investigating the effects of students’ self-
efficacy and mental models on learning to program showed that
self-efficacy is 1) influenced by previous programming experience
and 2) increases as a student progresses through an introductory
programming course [35]. The results also showed that students’
mental model of programming influences self-efficacy and that both
the mental model and self-efficacy affect course performance.

Specific studies about teaching computing have shown inter-
esting results, such as the use of the peer instruction approach
having a positive impact on undergraduate CS self-efficacy [51].
Another study in K-12 looking at computational thinking has shown
correlations between computational thinking skill (measured by a
programming test) and perceptions of self-efficacy [37].

Although self-efficacy has been investigated in CS, limited re-
search has explored CS self-esteem, despite it playing a role in
academic achievement. In a PhD study by Bergin [9], programming
self-esteem was found to be a strong predictor of programming per-
formance. A follow-on study with 693 undergraduate CS1 students
[33] discovered significant differences in reported programming
self-esteem according to variables like age and gender.

In learning situations, self-efficacy influences the amount of ef-
fort expended, type of coping strategies adopted, use of cognitive
strategies while solving problems, persistence in the face of failure,
and performance outcomes [5]. This is key for teachers. For teach-
ers, the combination of successful past experience; verbal support
from principals, students, peers, and parents; and opportunities
for observation of successful peers builds self-efficacy for teaching
[45]. Teacher self-efficacy may be conceptualised as an individual
teacher’s beliefs in their own abilities to plan, organize, and carry
out activities required to attain given educational goals [42].

Teacher self-efficacy is linked with job satisfaction, but does not
necessarily correlate with years of experience [25], particularly
with relation to classroom management efficacy. Several studies
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have investigated the relationship between teacher self-efficacy and
burn-out [43], yet, there is limited research available in regard to
teacher self-efficacy and CS. Research by Yukselturk and Altiok [50]
investigated pre-service teacher self-efficacy following exposure to
Scratch programming in their courses. They discovered significant
increases in the mean of the teachers’ self-efficacy perceptions
regarding almost all complex programming tasks after their Scratch
programming experience. The results also showed that the teachers’
negative attitudes towards programming decreased significantly.

When referring to CS and teachers, self-efficacy and CS self-
esteem are likely to be affected by the amount of time teachers
have been learning the subject themselves. For example, a study
of computing pre-service teachers showed that they had higher
self-efficacy around inquiry and problem-solving skills than for
programming [52]. This is not surprising if they are relatively new
to programming. A study looking at challenges faced by CS teachers
found that teachers initially struggle with teaching CS because of
their limited content knowledge [49], and this is likely to impact
their self-efficacy. Further, an Australian study reported that teacher
experience in engaging in assessment practices in the CS classroom
impacted their self-efficacy [47]. Although research has explored
teacher self-efficacy in CS, as far as we are aware, there are no
specific studies investigating teacher CS self-esteem.

3 METHODOLOGY
The MEasuring TeacheR Enacted Computing Curriculum (ME-
TRECC) Instrument was developed and (publicly available) pilot
data was collected as part of an ITICSE working group [18, 21].

3.1 The METRECC Instrument
METRECCwas created to establish a benchmark of enacted K-12 ed-
ucation internationally [18, 21]. The instrument has been designed
with evidence of validity and reliability to measure several facets
such as intended and enacted curriculum and included a Teacher CS
Self-Esteem scale. This scale utilised the Bergin Self-Esteem Instru-
ment [8] that was developed as part of a longitudinal study. Bergin
developed the scale as a modification of the Rosenberg self-esteem
scale [39] to apply to programming. The Rosenberg self-esteem
scale is said to be the most widely used self-esteem measure in
social science research [8] and has been shown to have generally
high inter-item and test-retest reliability evidence [39]. The 10
items used in the Bergin [8] study were added to the METRECC
instrument; however, the domain-specific subject was adapted from
‘programming’ to ‘Computer Science’ to reflect the broader K-12
CS curriculum that the survey was investigating, beyond ‘program-
ming’ knowledge and skills (see Table 3).

Teachers responded to statements on a 7-point Likert scale, from
1 (Strongly Disagree) to 7 (Strongly Agree). Principle Component
Analysis (PCA) was used to reduce the 10 items from the CS self-
esteem instrument to one principal component, thus obtaining a
single value to accurately represent CS self-esteem [8, 32]. The
PCA algorithm produced a single value where a teacher with high
CS self-esteem is reported as a negative PCA value (PCA < 0.0),
while a teacher with a low CS self-esteem is reported as positive
(PCA > 0.0). For evidence of reliability and validity, Cronbach’s
α=89.04 indicates good reliability [21]. The entire instrument, in-
cluding the CS self-esteem scale, was measured for validity using

Table 1: Participants per country and age ranges.

Country N %
USA 98 45
England 49 22
Italy 18 8
Ireland 19 9
Scotland 17 8
Australia 14 6
Malta 4 2
Total 219 100

Age Range N %

18 - 29 7 3
30 - 39 52 24
40 - 49 70 32
50 - 59 70 32
60 or over 20 9
Total 219 100

construct (measured by face and concurrent validity), population,
and sampling validity, as thoroughly reported in [21].

3.2 Data Collection and analysis
The pilot of the METRECC survey was administered via Survey
Monkey and open for two weeks (30th June-12th July, 2019) [18, 21].
The authors used social media to find participants, sharing it with
organizations in their respective countries that support teachers
teaching computing (e.g., Computer Science Teachers Association)
and/or deliver PD. Further details can be found in [18, 21]. The
survey instrument and dataset can be found online1.

The survey collected non-identifiable teacher data. Data from the
survey were imported into Excel for analysis using a combination
of scripts in Python and the statistical software package, SPSS Sta-
tistics. To answer our research question What are the differences in
K-12 teachers’ CS self-esteem compared across countries, year groups
taught, experience teaching CS, gender and age?, we conducted sev-
eral comparisons with K-12 teachers based on their CS self-esteem
values and examined teachers’ reported CS self-esteem by: country,
teacher age, the ages of students that the teachers teach (teaching
age groups), the location (e.g., urban, metro, rural) that the teach-
ers teach in, experience in teaching CS and teacher gender. We
present the results for each category in the following sections. The
statistical methods adopted to investigate the research questions
are presented with the results in section 4.

3.3 Teacher Demographics
The majority of participants (67%) in the pilot study were from the
U.S. (n = 98) and England (n = 49). Italy, Ireland, and Scotland
comprised 25% of the sample, and Australia and Malta comprised
8% of participants (see Table 1). The study also reported a larger
female representation from most countries (61%), with Scotland
being the only country with more male respondents (n = 10) than
female (n = 7), as presented in Table 2. Some 64% of teachers were
between the ages of 40-59 and 24% were between 30-39 years (see
Table 1). Each participant agreed to publish their data, thus allowing
for other researchers to conduct further analysis of the data.

4 RESULTS
Table 3 presents the items that comprise the CS self-esteem scale
along with overall means for the sample. Teachers reported higher
levels of agreement towards positive statements than negative;

1https://csedresearch.org/tool/?id=185
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Table 2: Gender breakdown per country.

Male Female Prefer not to say

Country N % N % N %
USA 33 34% 63 63% 2 2%
England 22 45% 26 53% 1 2%
Italy 8 40% 11 58% 0 0%
Ireland 6 33% 12 67% 0 0%
Scotland 10 59% 7 41% 0 0%
Australia 2 14% 11 79% 1 7%
Malta 1 25% 3 75% 0 0%
Total 82 37% 133 61% 4 2%

however, statements relating to having respect for their CS ability
were closer to a neutral level of agreement. Here we examine these
differences across categories more closely.

Table 3: Reported teacher CS self-esteem against items.

Item M SD

I take a positive attitude towards my CS ability. 6.1 1.2
I feel that I am a person of worth, at least on a (level) plane with
other colleagues.

6.0 1.3

I am able to complete CS tasks as well as most other colleagues. 5.9 1.4
I feel that I have a number of good CS qualities. 5.7 1.3
On the whole, I am satisfied with my CS progress. 5.5 1.5
I wish I could have more respect for my CS ability. 3.5 2.2
At times, I think that I am no good at all at CS. 2.9 1.8
I certainly feel useless at CS at times. 2.4 1.7
I feel that I do not have much CS ability to be proud of. 2.3 1.7
All in all, I am inclined to feel that I am a failure at CS. 1.7 1.4

4.1 Country
A comparison was conducted of CS self-esteem across the seven
countries (see Table 4). Though the majority of responses were from
the U.S. and England (n = 67%), given the differences in student
populations, responses from the U.S. were underrepresented.

Table 4: Average teacher CS self-esteem by Country.

Country CS self-esteem SD

Australia +0.3186 4.1305
England -0.4981 3.2869
Ireland +0.9295 3.2897
Italy -0.5448 2.4688
Malta +1.2059 2.3013
Scotland -1.2752 3.0671
USA +0.2954 3.9872

There were no statistically significant differences between group
means as determined by one-way ANOVA (F (6, 212) = 0.9949,p =
0.4297). A Tukey HSD post-hoc test was performed to confirm
the findings, with no statistically significant differences reported
between any country groups. Only England, Italy and Scotland
show a positive CS self-esteem (negative values correspond to a
positive CS self-esteem). While further work is required to unpack
this finding, the differences could be due to each country’s intended
and enacted curriculum [19].

4.2 Teacher Age
Age of students has previously shown to be a factor when predicting
success of undergraduates in CS1 [29, 31]. When age was examined
it was hypothesised that younger students (in particular males),
overrated their CS self-esteem and older students may underrate
theirs. We examined the K-12 teacher data to determine if our data
was similar (see Table 5). Our results reveal there were no statisti-
cally significant differences between group means as determined
by one-way ANOVA (F (4, 214) = 1.5485,p = 0.1893). A Tukey
HSD post-hoc test was also performed to confirm the findings,
with no statistically significant differences reported between any
age groups. While the differences were not statistically significant,
some differences were detected (see Figure 1).

Table 5: Average CS self-esteem by age

Age CS self-esteem SD

18 - 29 -1.6995 5.10
30 - 39 +0.7707 3.66
40 - 49 +0.2403 3.62
50 - 59 -0.5758 3.29
60 or over -0.2346 3.67

18-29 30-39 40-49 50-59

−1.5
−1

−0.5
0

0.5
1

Age Groups

Se
lf-
Effi

ca
cy

Figure 1: Teacher CS self-esteem by age. Negative values rep-
resent higher CS self-esteem (y-axis reversed to reflect this).

An interesting finding is that teachers between 30-49 have the
lowest CS self-esteem. Though the sample size of teachers in the
18-29 age group is relatively small, they have the most positive CS
self-esteem. Teachers 50 or older also present a higher positive CS
self-esteem to that of the 30-49 group. This could suggest a need
to focus PD towards specific age groups, however, further work is
required to investigate reasons for these age-related variations.

4.3 Teacher CS Experience
Mastering CS at the industry level takes ≈ 10,000 hours or five
full time working years [26]. We investigated to see if years of
experience teaching CS supported this (Table 6). We found a statis-
tically significant difference between group means as determined
by one-way ANOVA (F (6, 212) = 7.0471,p = 0.0000). A Tukey HSD
post-hoc test was also performed and the only statistical difference
was between the "No experience group" and all other groups (Table
7). This was expected as K-12 teachers that have not taught a formal
CS class would not be expected to have a high CS self-esteem. We
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Table 6: Average CS self-esteem teaching experience. Nega-
tive values represent higher CS self-esteem.

CS Experience CS self-esteem SD N

0 (None) +4.8586 4.58 14
1 (First Year) +0.6489 3.25 17
2 - 3 +0.9664 3.90 41
4 - 5 -0.4761 3.14 48
6 - 10 -0.9787 2.84 44
11 - 15 -0.8177 3.13 27
16 or more -0.9177 3.01 28

also found that teachers with 0-3 years experience teaching CS have
a negative CS self-esteem (positive values in Figure 2), and after
four years, teachers have a positive CS self-esteem. This suggests
that teachers require four years or more to develop a positive CS
self-esteem. Further work is required to validate this finding, since
it may behoove PD teachers to explain this to teachers and for those
adopting new curricula (e.g. growth mindset).

Table 7: CS self-esteem teaching experience, Tukey HSD
post-hoc analysis with p-values (CI 95%)

None 1 2 - 3 4 - 5 6 - 10 11 - 15 16 +

None - 0.0101 0.0039 <0.0000 <0.0000 <0.0000 <0.0000
1 0.0101 - 0.9999 0.8954 0.6110 0.7905 0.7280
2 - 3 0.0039 0.9999 - 0.3967 0.1067 0.3230 0.2470
4 - 5 <0.0000 0.8954 0.3967 - 0.9911 0.9995 0.9970
6 - 10 <0.0000 0.6110 0.1067 0.9911 - 1.0000 1.0000
11 - 15 <0.0000 0.7905 0.3230 0.9995 1.0000 - 1.0000
16 + <0.0000 0.7280 0.2470 0.9979 1.0000 1.0000 -

None 1 2-3 4-5 6-10 11-15

−1
0
1
2
3
4
5

CS Teaching Experience in Years

Se
lf-
Effi

ca
cy

Figure 2: Teacher CS self-esteem based on CS teaching ex-
perience. Negative values represent higher CS self-esteem
(y-axis reversed to reflect this).

4.4 Teaching Age Groups
The survey invited teachers to select check-boxes for each year
level they currently teach CS for, with the age groupings being:
Pre-primary (3-5 years); Junior Primary (6-7 years); Primary (8-
10 years); Upper Primary (11-12 years); Lower Secondary (13-15
years); Secondary (16-17 years) and Senior Secondary (18-19 years).
Teachers could select more than one and some teachers identified
as teaching both primary and secondary. For the purpose of this
study, teachers were classified by either primary or secondary level

Table 8: Average CS self-esteem by teaching groups. Nega-
tive values represent higher CS self-esteem

Group CS self-esteem SD N

Primary Level +1.0917 4.20 56
Second Level -0.3550 3.30 163

Table 9: Average CS self-esteem by teaching location. Nega-
tive values represent higher CS self-esteem.

Group CS self-esteem SD N

Metro -0.6028 3.36 41
Urban +0.0367 3.48 106
Rural +0.2698 3.82 60
Remote +1.5121 2.59 3

(binomial), by identifying which year level ranges they primarily
taught within (Table 8).

The difference is statistically significant with primary teacher
reporting lower self-esteem than secondary teachers (p = 0.0199
at 95% confidence interval using a Welch’s t- test). This finding
could be of value to the CS PD community to understand why
primary school teachers have significantly lower CS self-esteem
than secondary teachers. Future studies could compare the level
of CS required for primary and second level teachers (where sec-
ondary content and depth would be significantly more advanced),
determining if the depth of content required and prior exposure at
these varying levels influences teacher CS self-esteem.

4.5 Teaching Location
The METRECC instrument included several location options to
select the teaching setting in which they teach (Metro (City, CBD),
Urban (Suburbs surrounding city), Rural, Remote and Other). As the
"Other" option (n = 9) accounted for ∼ 4% of the participants and
it may be that they were not teaching, this category was excluded
from this analysis, due to its uncertainty.

The results are presented in Table 9. There were no statistically
significant differences between location groupmeans as determined
by one-way ANOVA (F (3, 206) = 0.6932,p = 0.5572). A Tukey HSD
post-hoc test was also performed, with no statistically significant
differences reported between any location groups. While there was
no statistically significant difference, Figure 3 suggests that the fur-
ther teachers live from city centres (Metro) the less CS self-esteem
they report. This may be due to factors such as PD availability,
teacher networks or resources but additional research is required.

4.6 Gender
Previous work examining programming self-esteem of male and
female undergraduate students in CS1 courses [33] found that fe-
male students, despite having multiple positive factors such as
higher mathematical grades prior to commencing CS1, had signifi-
cantly less programming self-esteem than males. Additionally, fe-
males showed less than neutral, negative programming self-esteem,
whereas males had a positive programming self-esteem. Female
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Figure 3: Teacher CS self-esteem based on teaching location.
Negative values represent a higher CS self-esteem (y-axis re-
versed to reflect this).

Table 10: Average CS self-esteem by gender. Negative values
represent higher CS self-esteem.

Group CS self-esteem SD N

Male -0.7628 3.89 82
Female +0.5036 2.98 133

students underrated their programming self-esteem compared to
their CS1 performance, and males overrated theirs. While this study
only examines teacher self-esteem, a similar pattern emerged as
seen in Table 10. "Prefer not to say" was not included since this
group accounted for 2% of the participants (as reported in Table 2).

A Welch’s t-test was conducted to investigate the differences
between the means of CS self-esteem between the two groups
reporting a p-value of 0.01265. The difference in CS self-esteem
reported is statistically significant. These findings align with the
aforementioned research [33] (although this study had no metric
to examine teacher performance) and prompts questions for future
research, such as: "Aremale teachers overrating their CS self-esteem,
while female teachers underrate theirs?" and "If males and females
correctly rate their CS self-esteem, why do female teachers have
significantly lower CS self-esteem than males?"

5 DISCUSSION
Our analysis revealed significant differences in teacher CS self-
esteem according to gender, teaching experience and year level
taught. Females reported lower CS self-esteem thanmales and those
with no CS teaching experience reported significantly lower CS self-
esteem than other groupings. There were also significant differences
between primary and secondary teachers, with primary teachers
reporting significantly lower levels of CS self-esteem. Although no
significant differences among age groups, locations or countries
were identified, our results suggest that teachers 30-39 years of age
and teachers living further from metropolitan areas or in Scotland,
England and Italy show a more positive CS self-esteem than others.

As was recommended in prior research for pre-service teachers
[16], our findings have implications for teacher training in CS, urg-
ing a need for PD design and training to address teacher self-doubt
and positive perceptions of the self in CS. Additionally, findings sug-
gests targeted consideration is required toward particular cohorts
of teachers, such as primary teachers, females and those working
in rural or remote communities.

Although no previous studies were found that measure teacher
CS self-esteem, our results are similar to those found in [47] that

suggests teacher self-efficacy in CS increases over time with expe-
rience and [16], which found that self-esteem fluctuates over time,
impacting teaching, coping ability, interactions with students, and
more. Likewise, [30] found that CS self-esteem of undergraduate
CS1 students fluctuated based on age and gender, similarly, with
males showing higher self-esteem than females. Additionally, the
authors performed a deeper analysis, finding that while female CS1
students showed lower self-esteem and higher test anxiety than
male students, female students out-performed male students and
with lower attrition rates. This could also attribute to the future
direction of this work, to examine additional factors such as teacher
retention or subject selection (if it was a choice to teach CS).

5.1 Limitations
Since this is a pilot study with the authors’ intent to engage in a
larger-scale study, the results reflect a much smaller number of par-
ticipants (n=219) than what is needed to be able to generalize across
multiple countries. We recognize that the results are, in essence,
a teaser of what we can explore further in order to generalize to
the broader CS teacher community. Qualitative data could also
contribute to a better understanding of why these differences exist.

Content in CS curriculummay vary (and in fact does, as shown in
[20]), and this may be reflected in the differences that are being seen
in these results. Further, variables may be conflated. For example, in
the U.S., 89% of those who teach primary grades are women [46], so
there could be conflation among the U.S. responses and the female
responses. Further studies with a much larger pool of participants
(e.g., n>=2000) should control for these variables.

Item wording may also have influenced teachers, particularly
those at the primary level, since these teachers may bemore familiar
with the phrase "computational thinking" rather than "computer
science". This could have affected the results and will be addressed
in a revision of the instrument prior to the larger scale study.

Finally, a major contribution of this work to the larger CS ed-
ucation research community is the Teacher CS Self-Esteem Scale.
Though we provide only an pilot summary of the scale in this study,
an ongoing parallel study further investigates this scale as reusable.

6 CONCLUSIONS
CS self-esteem has been previously been found to impact learning
and teaching. It is worth further study to determine factors that in-
fluence CS self-esteem beyond categories investigated in this study
(e.g., PD engagement, resources, school support and networks). Fu-
ture work can expand the administration of the survey across more
countries, with larger samples and to monitor changes in CS self-
esteem over time. The results of this initial study have identified
key areas for further in-depth exploration in teacher CS self-esteem.
This work also yields further research questions, such as "What
interventions or PD can improve teacher CS self-esteem and partic-
ularly for cohorts with significantly lower CS self-esteem?" And,
if it takes years to master CS in industry, how long does it take
teachers to build CS self-esteem and what impact does low teacher
CS self-esteem have on student learning in CS? Future research
could also examine these efforts and PD for countries with higher
CS self-esteem and to trial and evaluate PD design and training
interventions that aim to develop positive CS self-esteem.
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