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ABSTRACT
The widespread establishment of computational thinking in school

curricula requires teachers to introduce children to programming

already at primary school level. As this is a recent development, pri-

mary school teachers may neither be adequately prepared for how
to best teach programming, nor may they be fully aware why they

have to do so. In order to gain a better understanding of these ques-

tions, we contrast insights taken from practical experiences with

the anticipations of teachers in training. By surveying 200 teachers

who have taught programming at primary schools and 97 teachers

in training, we identify relevant challenges when teaching program-

ming, opportunities that arise when children learn programming,

and strategies how to address both of these in practice. While many

challenges and opportunities are correctly anticipated, we find

several disagreements that can inform revisions of the curricula

in teaching studies to better prepare primary school teachers for

teaching programming at primary schools.
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1 INTRODUCTION
Programming is increasingly introduced at primary schools around

the world [17]. While secondary school teachers may be expected

to be adequately educated in their subjects and computing is usually

a dedicated subject, the education of primary school teachers who
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usually teach several subjects without specialising on one partic-

ularly [30] has been reported to be insufficient [34]. In order to

support primary school teachers it is important to improve their ed-

ucation to better prepare them for programming at primary schools,

for example by teaching them to program with Scratch [12, 32, 40].

However, beyond acquiring basic programming skills, teacher ed-

ucation needs to cover two further important aspects: First, primary

school teachers need to be adequately prepared for the challenges

they may face in the classroom; in particular, the challenges arising

in practice may be different from those anticipated while studying

general education theory. Second, primary school teachers also

need to be taught why they are teaching programming to children

in the first place, so that they can appreciate the opportunities that

may arise for the children as a result of being able to program, and

can take measures in order to foster these.

We conducted a two phase survey in order to shed light on

both of these aspects. First, we surveyed 97 teachers in training

asking them what challenges and opportunities they anticipate to

encounter in the classroom. Then, we surveyed 200 teachers in prac-

tice asking them which challenges and opportunities they actually

encountered in practice, and how they deal with the specific chal-

lenges and opportunities that teachers in training most frequently

anticipate. Overall, the concerns and opportunities perceived by

teachers in training represent a basis upon which the content of

teacher training can be improved. The differences in the opinions

of teachers in training and in practice can further be used to shape

the concept of teachers in training towards a more realistic view.

Finally, the ideas of experienced international teachers on how

to deal with the challenges and opportunities can enrich teacher

training by explaining the suggested strategies.

In detail, we aim to answer the following research questions

using the two surveys. First, a primary concern is what challenges

teachers in practice encountered in primary schools:

RQ1: What challenges have primary school teachers in practice
encountered when teaching programming?

By contrasting anticipation and reality, we want to inform primary

school teacher education about how to counter anticipated chal-

lenges as well as how they align with practice. The second research

question therefore is as follows:

RQ2: What challenges do primary school teachers in training antici-
pate and what solutions do teachers in practice suggest?

Effective teaching should also foster and reinforce opportunities

arising for children from learning to program. We therefore inves-

tigate the following research question:

RQ3: What opportunities have primary school teachers in practice
experienced when teaching programming?
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To see how current teacher education raises awareness of these

opportunities, and to improve teacher education by informing teach-

ers in training how to support the opportunities they anticipate,

we ask the final research question:

RQ4: What opportunities do primary school teachers in training
anticipate and what promotion do teachers in practice suggest?

Our results show that many of the challenges and opportuni-

ties are correctly anticipated by teachers in training, but there are

several points of which they are unaware, such as organisational

issues at schools, or where they overestimate importance, such as

the complexity of programming. These results can be used to im-

prove teacher training with solutions for existing concerns, central

challenges, and possibilities to promote existing opportunities.

2 RELATEDWORK
Challenges of Teaching Programming. Changes in the curriculum

usually go along with issues for different stakeholders [31]. This

also applies to computer science education (CSE), as programming

has often only recently been introduced at primary schools around

the world [17]. Indeed, for some teachers it is difficult to include the

mandatory computing program and therefore they rather neglect

it [21]. This might be attributed to challenges that teachers face

when teaching programming. There are several studies that analyse

challenges faced by CS teachers [13, 18, 34, 37, 38]. These focus

on the respective national curricula and on different school levels,

but some results seem to be shared: One common challenge is

the lacking subject knowledge of teachers, which is mentioned

even more often by primary school teachers than secondary school

teachers [34]. This might be explained by primary school teachers

covering several subjects, while secondary school teachers focus

on fewer subjects in which they receive more in-depth training.

Opportunities of Teaching Programming. Few studies explicitly

address the holistic potential of programming in primary school,

and most highlight and analyse only partial aspects. A leading

role is taken by the promotion of computational thinking (CT),

which is considered to promote three prevalent framings: skill and

competence building, creativity and social and ethical aspects [19].

In particular, cognitive skills such as abstract and logical thinking or

inhibition control are emphasised [3, 8]. These skills are especially

important because students often demonstrate little algorithmic

thinking [10, 20]. The potential of programming skills is often

highlighted when considering future careers, as programming is

not only important in pure software professions, but also in other

industries [36], and society in general [35]. Teachers in practice

may not be aware of these scientific studies, therefore surveying

teachers about their perceptions and experiences is important.

Effects of Teacher Training. In order to prepare teachers to deal

with changes in the CSE curriculum, there are different approaches,

mainly concerning training of software-based programming (mainly

with Scratch), followed by robotics, unplugged programming and

game-based learning [4]. Regardless of the technology used it is

essential that teacher training provides experiences in practicing as

well as teaching programming [22]. This can promote pedagogical

content knowledge and self-efficacy and change pedagogical be-

liefs [22]. This is crucial as teachers in training might have obsolete

prior experience from their time as students [11]. To be able to

include the beliefs of teachers in training, they have to be identified

first. While there is research on challenges perceived by teachers

in practice and on the approaches used in teacher training, there

is a lack of bridging these two aspects. In this paper, we combine

the opinions of teachers in training and teachers in practice on

challenges and opportunities when teaching programming.

3 METHOD
3.1 Study Design
In order to answer the research questions (cf. Section 1), we con-

ducted two surveys: One with teachers in training (TT), and one

with teachers in practice (TP), informed by the results of the former.

In both surveys, in addition to certain questions given below, all

participants were asked about their demographic data, their previ-

ous programming experience and their attitudes towards teaching

programming in primary school.

3.1.1 Survey 1: Teachers in Training. In the first survey, we asked

primary school teachers in training to answer two open questions:

(1) “What challenges do you see regarding teaching programming
in primary schools?”

(2) “What opportunities do you see regarding programming in
primary schools?”

3.1.2 Survey 2: Teachers in Practice. In the second survey, we asked

international primary school teachers in practice several questions.
The first half of the questions dealt with challenges, the second

half with opportunities. The first question was the same general

question on perceived challenges as in the first survey:

(1) “What challenges do you see regarding teaching programming
in primary schools?”
After that, we asked participants to rank the ten challenges that

were most frequently mentioned by the primary school TT:

(2) “Please rank the following challenges regarding their relevance
perceived by you.”
Then, they were asked to pick the three challenges they perceive

as most relevant. For each of these three, they had to answer:

(3) “How would you decrease or master these challenges?”
Finally, there is ongoing research on automated analysis tools to

support teachers in addressing the challenges they encounter, but

we do not anticipate that such tools are in widespread use yet.

We therefore questioned the TP whether they believe automated

analysis tools can be useful in practice:

(4) “Automatic analysis tools can support teachers with giving
feedback to their students. (LitterBox, available at http://scratch-
litterbox.org/, is an example for an automatic code analysis tool which
can find recurring bug patterns in Scratch programs.)”
They had to state their agreement with this statement using a 5-

point Likert scale and explain their rating.

The second half of the survey focused on opportunities:

(5) “What opportunities do you see regarding programming in
primary schools?”
The participants were asked to rank the ten opportunities that were

most frequently mentioned by the primary school TT:

(6) “Please rank the following opportunities regarding their rele-
vance perceived by you.”
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For the three opportunities they perceive as most relevant they

then had to answer:

(7) “How would you support or improve these opportunities?”
A much discussed opportunity of programming education is the

promotion of girls in computer science. In particular, a matter of

debate is the question whether this opportunity can be supported

with gender-homogeneous programming classes. Since we do not

expect gender-homogeneous classes to be commonplace in primary

school practice, we explicitly asked teachers about their opinion:

(8) “Gender-homogeneous programming classes help to improve
the opportunity of encouraging girls.”
Again they had to state their agreement on a 5-point Likert scale

and explain their rating.

3.2 Participants
3.2.1 Survey 1: Teachers in Training. We implemented this survey

into a course on primary mathematics teacher education at the

University of Passau in January/February 2021. Participation was

voluntary and of 242 TT signed up in the course, 97 (91.8% female,

8.2% male) between 18 and 45 years (average 20.37) participated.

To assess the knowledge of the teachers, we asked them about

their self-experience in programming. Two-thirds of the TT (67%)

stated that they had not taken any programming lessons them-

selves at school, while the remaining third had (33%). To learn

about teachers’ mental attitudes regarding the introduction of first

programming concepts in order to identify any prior biases, we

asked in a 5-point Likert scale whether it is useful to introduce

programming in primary school. Among the TT, 45.3% strongly

agreed or somewhat agreed, while 37.1% were neutral.

3.2.2 Survey 2: Teachers in Practice. To elicit responses for the sec-

ond survey, we used the Prolific platform
1
. As a prescreening filter

we restricted participants to teachers working in primary/secondary

(K-12) education, with a minimum approval rate of 90, which is the

percentage of studies for which a participant has been approved.

Using these filters, 1.377 of 147.942 individuals who had been active

in Prolific for the past 90 days matched our profile. In order to find

out if they had already taught programming in a primary school, we

designed a prescreening study with the single question of whether

they had already taught programming in primary school, and dis-

tributed it to these 1.377 people with a limit of 400 participants. Of

these 400, we were able to evaluate 397 responses, 251 of which

answered our question in the affirmative and were thus eligible

for the main study. The compensation was based on an average

wage of £7.50 per hour. The main study was sent to the 251 people

from the prescreening study in June/July 2021, achieving a total of

209 respondents. Participants were compensated with £2.50 (based

on an average hourly wage of £10.54). We excluded 9 participants

because they did not answer all questions.

The 200 (79% female, 21% male) experienced international

primary school TP were between 20 and 63 years of age (average

36.54). A large majority of the TP currently reside in the UK (70%),

17% in the rest of Europe, and 13% in the rest of the world.

To better assess the knowledge of the teachers, we asked them

about their self-experience in programming and their previous

1
https://prolific.co

teaching in primary schools. Around half of the TP (53%) stated

that they do not have any prior programming experience. Those

who program themselves do this in Scratch [29] (25.5%), Java

(21.5%) or Python (17.5%). In the classroom,most TP use Scratch

(65.5%). Purple Mash
2
is also popular with a third (31.5%) and

exactly a quarter use unplugged programming [5]. 19.5% of the

TP also use Code.org. Nearly half (43.5%) of TP teach program-

ming for 1 hour in primary grades, and 27.5% teach it for only 30

minutes per week. For most, programming classes are compulsory

(70.5%). Compared to the TT, the TP are more strongly in favour

of introducing first programming concepts: 91% agreed or strongly

agreed that it is useful to teach programming and 4% were neutral.

3.3 Data Analysis
The open questions provided us with qualitative data on which we

applied thematic analysis [6]: For each question, we first collected

themes, then counted them and in a final step again related them to

the original data and our research questions. To ensure inter-rater

reliability two raters classified the first 20 statements regarding

each open question and agreed on a coding scheme. Each rater

then classified half of all statements. Additionally, 40 statements

per question were rated by both raters to measure the inter-rater

agreement, which is good at 𝐾 = 0.69.
3
To answer RQ1 (challenges)

and RQ3 (opportunities) we consider the percentage of TP who

mentioned the respective code at least once. To answer RQ2 and

RQ4 we consider three aspects: First, we compare the percentage of

TT who mentioned the respective code with the percentage of TP.

We measure statistical differences using a Wilcoxon Rank Sum test

with 𝛼 = 0.05. Second, we rank the ten challenges/opportunities

mentioned most frequently by the TT based on the percentage of

the TP who included them in the three that they deemed important

and provided a response for. Third, for the question on analysis

tools and gender homogeneous teaching we consider both, the

Likert-scale data and the codes resulting from the responses.

3.4 Threats to Validity
External validity: Survey 1 is based on a self-selecting sample as

participation was not required to pass the university course, and all

TT were from the same university. For survey 2, a large proportion

of the TP are from the UK, which is likely because programming has

not yet been introduced in primary schools in many countries and

thus experiences may be lacking. However, survey 2 nevertheless

represents a broad international spectrum.

Internal validity: The TT were given a shorter questionnaire to

complete in their spare time, while the TP were monetarily com-

pensated for the more extensive questionnaire. Two authors inde-

pendently annotated the data, developed categories, reviewed the

coding scheme and discussed the few non-matches in detail.

Construct validity: As the survey relies on the authenticity of the

respondents, the subjective impressions and experiences are rather

to been seen as a guideline. Several researchers besides the authors

independently reviewed the questionnaire to reduce the risk of

misinterpreting the questions.

2
https://www.purplemash.com

3
For replications, all data of the study including coding schemes are available at

https://github.com/se2p/study-teacher-chall-opps.

https://prolific.co
https://www.purplemash.com
https://github.com/se2p/study-teacher-chall-opps
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Table 1: Perceived challenges by TP and TT.
The percentage corresponds to the proportion of TP and TT mentioning

the subcategory at least once in the open question.

(Sub-)

Category Themes % TP % TT

School 45.0 % 19.6 %

organisational media equipment, funding, internet

connection

45.0 % 19.6 %

Students 41.5 % 63.9 %

cognitive prior media experience, overwhelm-

ing, reasoning, literacy, subject

knowledge

24.0 % 47.4 %

affective interest and motivation 10.0 % 10.3 %

heterogeneity prior media experience, interest,

subject knowledge, gender

6.5 % 17.5 %

metacognitive distractability, concentration, impa-

tience

6.5 % 9.3 %

young age 3.5 % 2.1 %

Teachers 36.5 % 43.3 %

cognitive subject knowledge, overwhelming,

prior media experience

24.5 % 16.5 %

didactic individual support, child-friendly

implementation, prevention of dis-

traction

11.0 % 26.8 %

affective self-efficacy 7.5 % 11.3 %

Programming 21.5 % 30.9 %

complexity programming language, technical

terms, abstract, relation to life

13.0 % 28.9 %

problems debugging 9.0 % 2.1 %

Government 17.0 % 13.4 %

organisational time, curriculum 17.0 % 13.4 %

Parents 4.0 % 11.3 %

organisational media equipment 3.0 % 6.2 %

affective fear and criticism 1.0 % 5.2 %

4 RESULTS
4.1 RQ1: Challenges Experienced by TP
To answer RQ1 we consider the responses to the open question

on challenges experienced by the TP (survey 2). Table 1 shows the

identified categories with their subcategories and themes.

4.1.1 School. The most frequently named challenge with 45.0 % of

TP is concerned with schools being organisationally challenged. In

particular, this can be split into three individual challenges captured

in this response: TP 189 “school funding issues, particularly around
access to resources or even ensuring a consistent internet connection.”

4.1.2 Students. The second most frequently mentioned category

with 41.5 % of TP relates to challenges that primary school students

might face when programming. Cognitive issues are mentioned

most often and partially explained by a lack of digital literacy:

TP 19 “With the younger students it is difficult for them to learn and
implement many instructions because they are often still learning
basic computer skills like how to use a mouse [...].” The use of digital
media is also linked to metacognitive challenges: TP 173 “Children
are easily distracted when given an exciting new tool to play with,
so keeping them on task is a challenge in itself.” Affective factors
of students can be even in conflict with other challenges such as

TP 2 “Keeping the programming simple, but still having interesting
outcomes to keep the students engaged.” Moreover, all the mentioned

characteristics differ between students which leads to the challenge

5% 76%19%

100 50 0 50 100

Fully disagree Partially disagree Neither agree nor disagree Partially agree Fully agree

Figure 1: Opinions of TP on analysis tools.

of TP 76 “trying to teach the whole class at the same time with so many
different abilities.” Even if the students might not be heterogeneous

in terms of age, TP 74 “It’s very difficult for younger children to grasp.”

4.1.3 Teachers. Challenges related to teachers are named by 36.5%
of TP. In the context of didactic issues, the most often mentioned

challenge regards the individual support: TP 75 “younger children
tend to need a lot of help with this and sometimes it’s hard to get
round them all.” Studies on debugging confirm that also high-school

teachers struggle with the rush when helping students [23]. Such

situations might in turn exacerbate the challenge of low self-efficacy.

However, cognitive issues are perceived as the greatest challenge

(Table 1) of teachers such as TP 23 “limited and outdated subject knowl-
edge within teaching staff.” This matches prior research indicating

lack of subject knowledge as a major challenge [34, 37, 38].

4.1.4 Programming. A total of 21.5 % of TP name challenges re-

lated to programming itself: TP 123 “At first they have some difficulties
understanding the concept, especially that every single step needs to
be detailed (as opposed to when you explain something to a human
[...])” and TP 12 “The debugging aspect, which is actually a very pow-
erful learning experience, causes lots of initial impatience!” Thus,
programming is related to both cognitive and affective challenges.

4.1.5 Government. A total of 17.0 % of TP see organisational issues

regarding time and curricula, and some participants even explicitly

connected these related themes: TP 41 “time allowable in the curricu-
lum for children to understand programming as it’s not an easy task
for all to accomplish satisfactorily in the time given.”

4.1.6 Parents. They are hardlymentioned (4.0% of TP), andmainly

regarding media equipment: TP 114 “Some children in disadvantaged
schools dont [sic] have easy access to computer systems at home.”

RQ1 Summary. The main challenges of TP are organisational

issues of the school, and cognitive issues of teachers and students.

4.2 RQ 2: Challenges Perceived by TT and
Strategies for these from TP

To answer RQ2 we consider the open question on the perceived

challenges (survey 1 and 2), as well as the remaining questions

on challenges and strategies of survey 2. Table 2 shows the ten

most common challenges mentioned by TT, ranked by TP. Table 3

includes the strategies that TP mentioned for the top ten challenges

of TT. Fig. 1 shows the rating of analysis tools.

4.2.1 Challenges Perceived by TT. All categories and subcategories
are mentioned by both TT and TP (Table 1). However, the distri-

bution differs, which can be explained by significant differences in

the subcategories. In the following we discuss these differences.

Students. TT mentioned cognitive challenges significantly more

often (𝑝 < 0.001). This indicates that students are less cognitively
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Table 2: Top ten challenges of TT ranked by TP.
The %TP corresponds to the proportion of TP ranking the respective

challenge among the three most relevant challenges.

Nr. Category Challenge % TP

1 School There might be a lack of technical equipment

at primary schools.

69.5 %

2 Teachers Teachers might be challenged with cognitive

issues (e.g. because of a lack of subject knowl-

edge).

53.5 %

3 Government Institutions might be organizationally chal-

lenged (e.g. because of an overloaded curricu-

lum and programming being time consuming).

35.5 %

4 Teachers Teachers might not knowwhich didactic consid-

erations and methods they should use to teach

programming (e.g. how to master looking after

each student and their individual programming

issues).

30.5 %

5 Teachers Teachers might have negative attitudes (e.g. be-

cause of their self-concept towards program-

ming).

21.0 %

6 Programming Programming might be a (too) complex topic

for primary schools.

20.5 %

7 Students Students might be cognitively overwhelmed

and might have insufficient prior knowledge

regarding digital literacy.

20.0 %

8 Students Students might have problems because of

metacognitive issues (e.g. by being easily dis-

tracted).

11.5 %

9 Parents Parents might have negative attitudes or there

might be a lack of technical equipment at home.

10.5 %

10 Students There might be differences between the stu-

dents (resulting e.g. from girls having different

tendencies or preferences than boys).

3.5 %

Table 3: Strategies of TP for the challenges of TT.
The absolute values refer to all mentions and the percentage to the

proportion of TP mentioning the subcategory at least once.

Category Subcategory 1 2 3 4 5 6 7 8 9 10

∑
% TP

Teachers participate in training 0 101 1 45 0 29 1 3 0 0 180 68.0 %

teaching 12 2 10 11 0 1 29 26 21 5 117 42.5 %

content of training 0 26 1 14 0 23 0 0 0 0 64 23.5 %

cooperate with others 4 6 2 7 0 6 3 3 0 0 31 15.5 %

schedule time 0 0 11 1 0 0 9 4 2 1 28 14.0 %

use existing material 0 9 3 5 0 4 0 0 0 0 21 10.5 %

School media equipment 96 0 0 2 4 0 0 1 0 0 103 43.5 %

course after school 0 0 7 0 2 0 0 0 0 0 9 4.5 %

joint approach 0 0 5 2 0 0 1 0 0 0 8 4.0 %

responsible teacher 1 2 3 0 0 0 0 0 0 0 6 3.0 %

Government more funds for CSE 51 0 2 0 1 0 0 0 0 0 54 26.5 %

reorganise curricula 0 0 29 1 0 0 7 11 0 0 48 23.0 %

Parents content 0 0 0 0 10 0 3 0 0 0 13 6.0 %

meetings 0 1 1 0 6 0 1 0 0 0 9 4.0 %

support 0 0 0 0 6 0 0 0 0 0 6 3.0 %

Society rethink sociologically 0 0 0 0 0 0 0 0 0 2 4 1.0 %∑
164 147 75 88 29 63 54 48 23 8 1400

overwhelmed and have more sufficient media experience and sub-

ject knowledge than TT assume. Interestingly, the theme “reason-

ing” is mentioned only by TP which is a more general cognitive skill

and associated with CT [33]. A similar picture emerges regarding

the challenge of heterogeneity: TT consider this aspect significantly

more often as challenging than TP (𝑝 = 0.002). This might also be

attributed to only TT mentioning gender differences as an issue.

Teachers. TTmentioned challenges regarding the teachers slightly

more often (Table 1). TT perceive the didactic issues as significantly

more challenging than TP (𝑝 < 0.001). Consequently, TP do not

seem to be overwhelmed to choose an appropriate teaching ap-

proach. Therefore, TT can benefit from the strategies and working

methods used by TP that are explained in Sections 4.2 and 4.4.

Programming. TT put a different focus (Table 1): TT mentioned

the complexity of programming significantly more often (𝑝 <

0.001) and TP the debugging process when teaching programming

(𝑝 = 0.026). This is why debugging should be supported in the

classroom [23] or within teacher training [15].

School. TT seem to underestimate the organisational issues of

schools as TP mentioned them significantly more often (𝑝 < 0.001).
This can be attributed to TT not having considered funding and

internet connection but only the issue of media equipment.

Government. Regarding the government, there are no significant

differences: Both TT and TP mentioned curriculum and time issues.

Parents. Although parents are mentioned least often by both

groups, TT considered them almost three times as often (with

11.3 % vs. 4.0 %) and particularly overestimated affective issues

(𝑝 = 0.027).

4.2.2 Strategies. The ten most common challenges mentioned by

TT were ranked regarding their relevance by the TP (Table 2). For

the three challenges that the TP ranked most relevant, they were

asked to describe a strategy (Table 3). In the following, we explain

for each challenge what strategies are suggested.

Challenge 1: Lack of equipment at schools. For the most relevant

challenge (Table 2) both school and governmental strategies are

considered: The government should provide more funds for CSE

and furthermore, TP suggest different possibilities to get media

equipment beyond simply buying it such as: TP 136 “Schools should
also hold fund raising events—the children will often be happy to
take part in events that will raise money for technology or ‘toys’ for
them to use.” A different approach considers dividing students into

groups which leads to a reduced need of technical equipment.

Challenge 2: Cognitive issues of teachers. In order to counteract

the lacking subject knowledge, TP suggest participating in training

that addresses content knowledge but also affective factors. Indeed,

training with 68 % of TP is the most often mentioned strategy across

all challenges (Table 3). According to TP, training should be more

often, high-quality, for free, mandatory and prior to teaching.

Challenge 3: Organisationally challenged institutions. The lack of

time implies that curricula should be reorganised by TP 26 “Intro-
ducin [sic] digital thinking in earlier years” and TP 147 “Decrease or
make other priorities less time consuming.” Further ideas are listed in
Table 3. In this context, the strategy of the teaching approachmostly

deals with teaching interdisciplinary as TP 201 “Coding could be linked
to Literacy/Numeracy learning in some way—that would benefit mo-
tivation in those subjects and offer time to do it.”

Challenge 4: Didactic issues of teachers. TP suggest to partic-

ipate in teacher training which focuses on pedagogical content

knowledge rather than content knowledge. Besides training, within
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the teaching approach simply trying out different methods and

TP 12 “peer mentoring among teaching staff ” are suggested.

Challenge 5: Affective issues of teachers. Interestingly, as for cogni-
tive issues, teacher training should both address content knowledge

and affective factors such as attitudes, motivation and confidence.

This might be explained by well-informed teachers being confi-

dent: TP 38 “[...] an expert came to talk to the staff about ‘Scratch’ and
showed us how to do a variety of things. This certainly helped boost
the confidence of the less technology literate members of staff.”

Challenge 6: Complexity of programming. This might be reduced

by the teaching approach such as TP 160 “Making sure we can sim-
plify the concepts to relate to real life examples first, before going
heavy on the programming concepts.” This matches the strategy of

“contextualisation” found by Sentance and Csizmadia [34].

Challenge 7: Cognitive issues of students. All student-related chal-
lenges (7, 8 and 10) are expected to be improved by the the teach-

ing approach of considering individual factors such as interest or

strengths, e.g., by differentiating learning material. Cognitive issues

in particular are often stated to decrease when the students get the

chance of expanding their prior knowledge: TP 148 “We would not
introduce them straight to programming; instead, teach them how to
better use technical equipment first.” Programming with hardware is

addressed here, the explained previous promotion of digital literacy

however is not relevant for programming unplugged [5].

Challenge 8: Metacognitive issues of students. Besides considering
individual factors, metacognitive issues can be counteracted with

increasing the students’ engagement by, e.g., a TP 160 “distract free
environment.” and TP 198 “interactive ativities [sic].”

Challenge 9: Affective and organisational issues of parents. Com-

prehensibly, this challenge is connected to all strategies regarding

parents (Table 3). TP explained that TP 15 “for the negative attitudes
of parents, they can be invited for a day to see how their children
work and how much fun they have” or to TP 139 “create easy to follow
guides to allow the parents to acquire knowledge.”

Challenge 10: Heterogeneity of students. Besides considering indi-
vidual factors when teaching, there might be a need for rethinking

sociological views: TP 4 “Girs [sic] are usually raised for household
chores and not more mental issues. this is a societal problem.”

4.2.3 Automated Analysis Tools. There exist several tools that anal-
yse block-based programs [2]. Recent approaches for Scratch pro-

grams deal with, e.g., next-step hints [26] or code perfumes [25].

However, TP do not appear to be well aware of the potential of

automated tools to support programming education, as 29.5 % of

TP explicitly stated that they had no experience with such tools.

However, Fig. 1 shows that TP like the idea and consider auto-

mated tools potentially useful in terms of giving feedback. Giving

feedback can be located in challenge 4 (didactic issues of teach-

ers) as individual support is mentioned most often here (Table 1).

Besides giving and perceiving feedback, debugging, diagnosis, sup-

port and assessment are mentioned. This goes along with several

explained advantages such as dealing with many students at the

same time, feedback being immediate or more confidence of teach-

ers. Consequently, these advantages might also help with cognitive

Table 4: Perceived opportunities of TP and TT.
The percentage corresponds to the proportion of TP and TT mentioning

the subcategory at least once in the open question.

(Sub-)

Category Themes % TP % TT

Skills acquisition 55.0 % 81.4 %

cognitive problem solving and logical

thinking, linguistic stimula-

tion

15.5 % 9.3 %

holistic creativity, digital literacy,

computational literacy

26.5 % 59.8 %

affective interest and motivation, re-

duction of prejudices, fun,

self-confidence, talent

23.0 % 33.0 %

metacognitive self-reliance 1.0 % 6.2 %

Foundation 34.5 % 34.0 %

professional life 15.0 % 7.2 %

general future 7.5 % 18.6 %

secondary school 6.5 % 14.4 %

universal 7.5 % 0.0 %

Cross-curricularity 10.5 % 3.1 %

Society 10.0 % 28.9 %

digitalisation 10.0 % 26.8 %

student’s lifeworld 0.0 % 4.1 %

Early support 7.0 % 29.9 %

Diversity 5.5 % 10.3 %

girls 2.0 % 7.2 %

alignment 3.5 % 2.1 %

girls and boys 0.0 % 2.1 %

Methods 3.5 % 16.5 %

exploring-discovery 2.5 % 7.2 %

playful-child-oriented 1.5 % 6.2 %

variety 0.0 % 3.1 %

and affective issues of teachers and the often described lack of

time [34, 37]. TP 170 “With so many students, and so much to do in
the classroom, these tools allow teachers to provide feedbac [sic] to
their students without needing to spend several hours reading code.”
Indeed, automatically generated hints can support teachers with

debugging programs if the hints fulfil certain criteria [15].

Some TP reveal scepticism against tools and believe one should

rather rely on human feedback: TP 127 “I don’t think it can give a
subjective feedback.” However, the lack of individualisation implies

one advantage of computer-based feedback: Tools give objective

feedback—independent of, e.g., gender or social background [16].

RQ2 Summary. TT partially consider other challenges than TP,

e.g., regarding the difficulty of programming. Generally, TP re-

gard teacher training and the teaching approach as most helpful.

Analysis tools are considered useful for giving efficient feedback.

4.3 RQ3: Opportunities Experienced by TP
To answer RQ3 we consider the open question on opportunities

experienced by the TP (survey 2). Table 4 shows the seven identified

categories of opportunities with their subcategories and themes.

Skills acquisition. The most frequently mentioned opportunity

is the acquisition of skills (55.0 %), which is about building new

knowledge and abilities, or about repeating and deepening what

has been learned. It is categorised into metacognitive, cognitive,
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affective, and holistic factors. According to the TP, digital and com-

putational literacy in particular (6.0 %, 11.5 %) as well as a creative

component (8.5 %) are fostered through programming. On a cogni-

tive level, programming is especially important for logical thinking

and problem solving (14.0 %), whereas it is striking that a small

proportion of TP also see linguistic support (2.0 %). Starting pro-

gramming at an early age also offers opportunities for affective

factors, first and foremost the expression of interest and motivation

(8.5 %). In addition to fun (4.5 %), active programming in primary

schools can reduce prejudices and fears about programming and

computer science in general (8.5 %). Furthermore, self-confidence

and independence of the students are promoted (6.0 %).

Foundation. According to more than a third of the TP, program-

ming is an important building block for transferring knowledge

for the future (34.5 %). This includes not only skills for the general

future life of the students, but also their time at secondary school

and later working life: TP 65 “Programming is becoming a market in
terms of employment and I think teaching children it from a young
age will help them develop skills which they could take forward into
the future careers and can be built upon at secondary schools.”

Cross-curricularity. The opportunity of interdisciplinary learn-

ing and teaching while programming is the third most frequently

mentioned category (10.5 %), which mainly benefits TP 123 “maths
and informatics” or TP 162 “programming can be integrated across a
range of subject areas, including maths, English, science, geography,
history, music and art.”

Society. Similar to interdisciplinarity, programming lessons are

seen as an essential opportunity to keep pace with the increasing

digitalisation of society (10.0 %): TP 170 “Programming is the founda-
tional language of technology, which is quickly becoming the founda-
tion of society. I think studnets [sic] understanding basic progroaming
[sic] is like undertstanding [sic] the basics of a car.”

Early support. It is particularly early support, beginning in pri-

mary school, that 7.0 % of the surveyed teachers see as fundamental:

TP 150 “I think elementary school is the perfect time to give students
exposure to the foundations and building blocks of coding. If the seeds
can be planted at an early age the [sic] can develop their skills as they
progress through school.”

Diversity. Programming might strengthen equal opportunities

for all students regardless of gender or background by reducing mu-

tual reservations and possible stereotypes (5.5 %), TP 44 “especially
for girls and those children who struggle or are turned off by core
subjects” and TP 136 “very often, children who are not so academic—and
don’t do well in other lessons—can really fly in computing lessons.”

Methods. There are opportunities for different teaching and learn-
ing methods (3.5 %), such as TP 0 “group work and interaction” or
TP 3 “more active learning”.

RQ 3 Summary. The main opportunities of TP are the develop-

ment of skills on different levels, interdisciplinarity and a founda-

tion for the future. The early and diversity-related promotion as

well as the methodical implementation are also relevant.

Table 5: Top ten opportunities of TT ranked by TP.
The % TP corresponds to the proportion of TP ranking the respective chal-

lenge among the three most relevant challenges.

Nr. Category Opportunity % TP

1 Skills Students gain cognitive skills (e.g. problem

solving skills).

65.0 %

2 Foundation Students might acquire knowledge on which

they can build on in their future.

54.5 %

3 Skills Students acquire competencies in terms of dig-

ital literacy (e.g. being able to use a computer).

46.5 %

4 Society Programming and related skills are important

in our society (e.g. because of the increasing

digitization).

40.0 %

5 Skills Students acquire positive attitudes towards

programming (e.g. increased interest in pro-

gramming).

26.0 %

6 Skills Students are encouraged in their creativity

(e.g. by creating an own program).

24.0 %

7 Skills Students acquire competencies in terms of

computational literacy (e.g. understanding

how algorithms work).

15.5 %

8 Early support Students are promoted at an early stage. 12.5 %

9 Diversity Boys and especially girls acquire competencies

(e.g. wrt. affective aspects such as motivation).

8.5 %

10 Methods Teaching programming implies new or varied

teaching methods.

7.0 %

4.4 RQ 4: Opportunities Perceived by TT and
Strategies for these from TP

To answer RQ4 we consider the perceived opportunities stated by

both the TT (survey 1) and TP (survey 2), as well as the remaining

questions on opportunities and strategies of survey 2. Table 5 shows

the ten most common opportunities mentioned by TT ranked by

TP and Table 6 includes the proposed strategies by TP. Figure 2

shows the opinions of TP on gender-homogeneous classes.

4.4.1 Opportunities Perceived by TT. All categories and subcate-

gories are mentioned by both TT and TP (Table 4). However, the

distribution differs which can be explained by significant differences

in the subcategories. In the following we discuss these differences.

Skills acquisition. In agreement with the TP (Table 4), building

new knowledge is the most relevant opportunity (81.4 %) for the

TT, although the TT mention it about a quarter more often. Both

groups see cognitive skills as an essential opportunity. At the holis-

tic level, the TT focus on digital and computing literacy as core

skills acquired through programming, which differs significantly

from the TP (𝑝 < 0.001 and 𝑝 < 0.001, respectively). This points
to a misconception of programming [27] as many TT agree that

programming will serve TT 17 “to encourage children at an early age
in the proper use of technology, media, and the Internet.”

In creativity, both groups see an equal opportunity. In affective

factors, TT identify similar opportunities as TP, but they emphasise

increasing student interest and motivation and talent (𝑝 = 0.022):
TT 26 “Particularly at primary school age, one discovers a number of
interests, gifts or talents. Accordingly, programming could also be
one of them, which means that I can well imagine that a new field
of interest will open up for some students’”. TP might not share this

view due to their practical experience that students are already very
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Table 6: Strategies of TP for the opportunities of TT.
The absolute values refer to all mentions and the percentage to the propor-

tion of TP mentioning the subcategory at least once.

Category Subcategory 1 2 3 4 5 6 7 8 9 10

∑
% TP

Society and future opportunities 3 26 10 19 2 0 1 0 1 0 62 28.5 %

personal relevance student’s lifeworld 17 8 5 13 1 1 2 1 1 1 50 23.5 %

relevance of prog. 3 9 8 18 3 0 3 0 0 0 44 20.5 %

practical application 5 10 4 6 1 2 4 0 2 0 34 16.0 %

Methods universal 20 13 16 0 5 8 8 3 0 4 77 33.0 %

task variety 13 6 7 4 6 4 2 2 1 1 46 19.5 %

individual needs 12 2 3 1 2 3 1 0 1 0 25 11.5 %

programs 4 2 0 0 1 1 2 1 0 0 11 4.5 %

Affective factors creativity 5 0 0 0 0 21 0 1 1 0 28 14.0 %

encouragement 3 6 0 3 10 3 1 2 2 0 30 13.5 %

mindset and inclusion 1 7 2 3 4 1 0 1 7 2 28 13.0 %

universal 5 1 1 0 12 2 0 1 2 1 25 11.0 %

alternative thinking 5 1 0 0 1 5 1 1 1 0 15 7.0 %

Organisational factors requirements 8 12 21 15 4 4 3 1 1 4 73 27.0 %

inviting experts 0 4 0 4 2 0 1 1 0 0 12 6.0 %

Programming 8 10 12 9 2 2 5 1 0 0 49 22.5 %

Cross-curricularity 25 5 5 3 2 2 3 1 0 1 47 21.0 %

Early support 1 5 1 0 3 0 0 13 0 0 23 10.5 %∑
138 127 95 98 61 59 37 30 20 14 1358

interested in programming and computer science in general, as the

survey on the girls’ courses (Section 4.4.3) also indicates.

Foundation. Developing skills for the future life is one of the

central opportunities for both TT and TP. The TT, in contrast to the

TP, place their focus here on competencies that may be important

for the general future (𝑝 = 0.005) as well as for secondary school

(𝑝 = 0.026). Since the teachers already using programming in class

have experienced the children’s use and opinions, they may already

have more concrete ideas about possible career goals.

Early support. Early support is amuchmore relevant opportunity

for beginning teachers than for those already practicing (𝑝 < 0.001),
which might be due to the fact that TP already teach it.

Society. The TT mentioned social relevance about twice as often

as the TP (𝑝 < 0.001). In addition to increasing digitalisation, they

also referred to the impact on children’s lifeworlds, which the TP

did not address at all. TP may not only see the specific lifeworld

reference, but also embed it in a larger societal context.

Methods. For the TT, the methodological didactic application is

a much more important opportunity than for the TP, especially to

provide a TT 29 “a change from the ‘normal’ forms of teaching for the
children”, thus differing in methods (𝑝 = 0.013) and child-oriented

implementation with reducing cognitive load (𝑝 = 0.028).

Diversity. The TT consider the promotion of diversity as a slightly

more relevant opportunity than the TP. They see opportunities espe-

cially for girls (𝑝 = 0.026), whereas the equalisation of all students

to one level is seen as similar by both groups.

Cross-curricularity. Interdisciplinarity was mentioned by TT, but

significantly less than by TP (𝑝 = 0.028), which may be related to

their lack of connection factors due to little field experience.

4.4.2 Strategies for Opportunities. The ten most common oppor-

tunities mentioned by TT were ranked regarding their relevance

by the TP (Table 5). For the three opportunities that the TP ranked

most relevant, they were asked to describe a strategy. We explain

for each opportunity what strategies are suggested (Table 6).

Opportunity 1: Cognitive Skills. The most relevant opportunity,

gaining cognitive skills (65.0 %), can be best promoted with a more

interdisciplinary curriculum (Table 6): TP 81 “Linking problem solv-
ing with other areas of the curriculum eg maths”. These potential
competencies in turn affect other subjects: TP 2 “Learning cognitive
skills will help students in other subjects, such as math and english.”

A range of methodological and didactic approaches can also be

highly supportive for developing cognitive skills (Table 6). On the

one hand, the variety of tasks is important; for instance, activities

like team work, workshops or homework help to better understand

programming. In addition, the potential of programming competi-

tions has often been highlighted. On the other hand, meeting the

individual needs of students is an important component. Thereby

the focus is on feedback and the application of suitable learning

strategies as one TP mentioned: TP 0 “By differentiating my teaching,
e.g., by varying the content and the approaches so as not to exclude
[...] the ones who do not find programming extremely related to their
needs or learning orientation.” In addition, positive reinforcement

was often referred to: TP 114 “Encourage some kind of reward system
for digital superstars.” Moreover, when the teacher addresses the

children’s life world, it promotes their cognitive abilities.

Opportunity 2: Foundation. Pointing out and actively discussing

the many job and career opportunities that exist in computer sci-

ence has the most beneficial effect on the second most relevant

opportunity, the children’s future (54.5 %). This includes explain-

ing and demonstrating all the jobs that use programming (Table 6),

and also giving TP 121 “examples of people who currently work in
programming and what their job involves”.

Opportunity 3: Holistic Skills. Organisational factors (Table 6) con-
stitute the basis for students’ digital literacy which is the third most

relevant opportunity (46.5 %). Requirements such as the school’s

media equipment and a restructuring of the timetable that allows

sufficient time for programming lessons play a crucial role. In ad-

dition, teacher training can contribute to teaching digital literacy

to students. In order to develop digital literacy at all, a variety of

methods should be considered, and particularly the basics and craft

of programming must be supported: TP 99 “Have them code”.

Opportunity 4: Society and personal relevance. By explaining the

relevance of programming and potential job opportunities, the

relevance of the subject (40.0 %) is made more accessible: TP 45 “Pre-
sentation of various areas of life where computer skills are important
and that without them you cannot function in the real world.”

Opportunity 5: Affective Skills. Students’ positive attitude to-

wards programming (26.0 %) can be achieved in particular by en-

thusiastic teachers acting as role models when they TP 118 “inspire,
empower and engage”. Moreover, teachers should encourage stu-

dents by, e.g., TP 65 “developing motivation, passion, commitment and
patience” and TP 54 “making it a fun activity”.

Opportunity 6: Creativity. In order to unleash the potential of

creativity (24.0 %), TP suggest that it should be explicitly stimulated

by TP 12 “encourag[ing] students to go ‘off piste’ and use theor [sic]
programming in different ways” or TP 143 “open ended tasks which
enable children to be more creative with programming e.g. design a
game with certain criteria rather than program this traffic light”.
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Fully disagree Partially disagree Neither agree nor disagree Partially agree Fully agree

Figure 2: Opinions of TP on gender-homogeneous classes.

Opportunity 7: Holistic skills. Computational literacy can be pro-

moted through different methodological approaches (Table 6), e.g.,

a gradual and playful implementation was emphasised by the TP:

TP 136 “Begin with simple algorithms/instructions they are already
able to understand and follow, such as food recipes or instructions for
getting up in the morning. Build on those. Card sorting activities can
help support those who struggle with ordering instructions.”

Opportunity 8: Early support. Rather intuitively, early promotion

can be met with precisely such an approach, since TP 62 “the earlier
children explore the basics of coding, the more easily they will be able
to learn, understand, and apply coding later in life.”

Opportunity 9: Diversity. Diversity can best be promoted by pos-

itively changing the attitudes of parents and teachers (Table 6), e.g.,

by doing more public relations work such as students giving TP 102 “a
presentation about programming, to parents or during an assembly”
and by establishing an inclusive climate, where the school can also

be a place where equal opportunities are created, since TP 174 “many
[students] do not have access to computers at home. So it is a must to
provide the opportunity at school.”

Opportunity 10: Methods. In order to apply the types of teaching

that programming education requires, teachers need to be taught

how to use TP 0 “new tools that facilitate both teaching (approaches,
load, differentiation of content and process) and learning [...].”

4.4.3 Gender Homogeneous Groups. Both TT (7.2%) and TP (2.0%)
see the promotion of girls as an opportunity for programming in

primary schools, and in general, diversity in computer science has

been gaining importance in recent years [1]. One way to get girls

interested in programming might be to offer special courses just

for girls [41]. Figure 2 shows that the majority of TP consider such

courses to be positive or are neutral toward them.

Many teachers report that they experienced few to no affective

(7.5 %) and cognitive (3.5 %) differences between the genders in pri-

mary school, although there may be preferences thematically [14],

as TP 73 “boys are more interested in ‘boy’ type games and programs.
The girls do enjoy minecraft which is more neutral.”

While teachers see it as important to promote girls, they are also

skeptical since mixed courses give the opportunity to impact the

working environment in the long-term: TP 189 “In order to break down
the stereotyping which exists around IT and other technologically
related career paths, I believe that they should be taught in mixed
classes where girls are able to show off how skilled they are at coding.
By doing so we will have a new generation of men that respect the
programming abilities of their opposite gender.”

Gender bias may also be present at the teacher level and should

be included: TP 136 “I think teacher awareness and support is much
more relevant. There may be biases towards boys doing better, but that
will not always be the case and the teacher needs to push all pupils to
the best of their abilities, whilst keeping in mind the biases that exist

in their class or school.” Above all, interaction between the genders

should be encouraged: TP 7 “cooperation instead of antipathy”
Since diversity has several aspects besides gender, some teachers

see the bigger picture in pointing out the importance of other

underrepresented groups: TP 44 “In my district, there is a focus on
raising the attainment of children from poorer families and this would
be a bigger concern than the gender attainment gap.”

Overall, teachers see the support of girls as very relevant, but

are ambivalent about whether homogeneous courses are a suitable

implementation for this, in-line with current public discourse [1].

RQ 4 Summary. The main opportunities of TT are similar to

those of the TP, but TT emphasise early support, society andmeth-

ods. The most conducive strategies of TP are various methods,

interdisciplinarity, and demonstration of the relevance of pro-

gramming. Many TP are positive about promoting girls through

extra courses for girls, but see a danger of further stereotyping.

5 DISCUSSION
Considering challenges in conjunction with opportunities, some

overarching misconceptions of TT and strategies of TP are recog-

nisable. For example, TT seem to overestimate the importance of

students’ digital literacy. This might be related to even in-service

teachers having difficulties regarding terms such as ‘programming’

or ‘computational thinking’ [9, 24]. The surveyed TP, in contrast,

focused on more general cognitive skills such as reasoning and

problem solving, which are strongly associated with CT [33]. This

goes along with the idea that programming should not be taught as

an independent skill but rather be used as an approach to promote

CT [24]. Teacher training should therefore explain programming as

a vehicle to promote ways of thinking rather than detached skills.

Teacher training should provide strategies to use programming

to teach computational thinking concepts. When comparing the

strategies for the associated challenges and opportunities, the teach-

ing approach is emphasised (Tables 3 and 6). TP suggest, e.g., to

consider individual needs but also interdisciplinary teaching, as

cross-curricular teaching supports dealing with different challenges

and opportunities and moreover, is even an opportunity itself. Like-

wise, the Computer Science Teachers Association and International

Society for Technology in Education (ISTE) points out that CT also

needs to be taught across multiple curricular disciplines [28] as

one teacher suggests: TP 119 “Put programming as a stand alone les-
son to teach skills but also inlude [sic] it in other lessons to show
how versatile it is and to link it to real life problems.” In particular,

programming can refer to selected contents of other subjects and

thus establish a synergy of different learning areas. Conceivable

learning effects for a simple game in, e.g., Scratch would be as

follows: Math (coordinate system, angles, mirroring), Languages

(syntax, verbal and nonverbal signals, rules), Physics (movement,

gravitation, distance and time measurement), Music (gaits, dance,

sounds and noises), Art (colours) and general studies (senses, food,

clothing, dances, rituals and festivals).

Such a cognitively reduced, playful and interdisciplinary ap-

proach is not only useful for children [7], but also for teachers. Es-

pecially for the TT, Scratch courses at university can reduce fears

of contact through self-experience [40] and also convey the compe-

tencies that are relevant for their future teaching practice [39].
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6 CONCLUSIONS AND FUTUREWORK
In order to bridge the gap between concept and practice and provide

a realistic picture of programming education for teachers, we sur-

veyed 200 TP and 97 TT regarding their opinions on the challenges

and opportunities of teaching programming in primary schools.

Overall, our results show that, despite some challenges, the major-

ity of both TT and TP support the introduction of programming

into primary schools and see it as valuable.

TP and TT perceive challenges regarding the school, students,

teachers, programming, government and parents, whereas TT set

a different focus. To counter challenges, TP consider especially

teacher training and the teaching approach as useful. Their antici-

pation of the help provided by automated analysis tools provides

reinforcement for the research, development, and evaluation of

such tools. According to TP, programming classes also provide

opportunities, especially to develop skills on different levels which

children will need for their future life. Similar to the challenges, the

TT and TP identify similar opportunities but emphasise them dif-

ferently. Programming might promote girls into computer science,

though different course designs should be reviewed in field studies.

The many opportunities will only yield benefits if programming is

also embedded in the curriculum, and if the strategies identified in

this study are applied in teacher training and evaluated in practice.
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