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Abstract

The emergence of Educational Robotics (ER) and its rapid spread across all levels of
education in recent years has drawn attention to the need for further training in this
discipline. In this study we discuss the panorama of teacher training research in ER and
make recommendations for institutions that intend to implement ER teacher training
programs. We explore three databases that include publications in ER teacher training
and select 38 publications for analysis. We discuss these publications with special
emphasis on requirements, durations, trainer and trainee profiles, pedagogical ap-
proaches and best practices. Our main findings are the lack of uniformity regarding
the duration and requirements of training programs and the fact that information on
trainer and trainee profiles is not always documented. ER teacher training programs are
often not founded on theory. When they are based on pedagogical principles, however,
these are usually constructivism/constructionism, inquiry-based learning or project-
based learning. The most prominent best practices for ER teacher training fall into five
categories: collaboration, materials, pedagogy, practice and feedback/support. Our
recommendations will help to improve the content, structure and implementation of
future ER teacher training programs and the reliability and generalizability of research
results and design.
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1 Introduction

Introducing digital technologies (DT), digital skills and coding into education is not just
a recommendation but a requirement established by the European Union with which
educational institutions in the EU must comply. According to the report “A Compre-
hensive European Industrial Policy on Artificial Intelligence and Robotics” (Committee
on Industry, Research and Energy 2019), instructional programs must be adapted, new
learning paths must be created, and new technologies must be integrated. The report
puts special emphasis on developing digital skills, including coding that should be
integrated into teaching and teacher training across all educational levels — from
preschool education to life-long learning. Educational Robotics (ER) is identified as
an educational resource through which objectives associated with the development of
digital skills, including coding, can be accomplished. Moreover, ER promotes student
engagement and learning in STEM subjects (Science, Technology, Engineering and
Mathematics) (Taylor 2016), positively affects students’ personal development (Sisman
and Kucuk 2019), and promotes understanding of STEM concepts (Nugent et al. 2012).

ER is a way to approach the development of students’ digital skills. However, the
question remains whether teaching staff can live up to expectations and satisfy the
requirements of introducing this new educational resource into their regular teaching
activities to promote the development of students’ digital skills, including coding.
Chambers and Carbonaro (2003) pointed out that integrating robotics technologies into
schools was a challenge for the educational community and even today educators seem
to find this task demanding. Sisman and Kucuk (2019), for example, reported that
many teachers are unaware of the benefits of ER and that those teachers who are remain
unprepared to teach robotics. This lack of readiness on the part of teachers regarding the
use of robotics in their classrooms may be due to the lack of specialized training
programs in educational institutions, the inadequate content of existing training pro-
grams, or other reasons. Major et al. (2011) highlighted the importance of providing
pre-service teachers with specialized training to enable them to teach coding adequately
and feel more self-confident in this area. Our study starts from the view that teacher
training is hugely important for successfully integrating ER into the curriculum since it
affects students’ acquisition of digital skills, including coding. However, successful ER
integration requires teachers to understand its potential benefits and know what are the
best pedagogical approaches for implementing ER activities in class (Bers et al. 2013).
As we discuss later, the pedagogical theory of constructivism/constructionism is closely
related to ER (Tochacek et al. 2016). To enhance research in the field of ER teacher
training, in this study we examine the teacher training programs documented in the
literature, showcase the characteristics of implemented programs and their best prac-
tices, and make several recommendations for future ER teacher training programs and
research.

2 Method
This literature review was conducted in the following three review phases based on
Kitchenham (2004): planning, conducting and reporting. These phases will be further

explained in the following sections.
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2.1 Planning the review

First we examined the literature in the rapidly growing field of educational robotics and
found several literature review studies. Benitti (2012), for example, explored the
educational potential of robotics in schools, identified the contribution made by
integrating robotics as an educational tool in schools, and explored its effectiveness.
Bascou and Menekse (2016), for their part, divided research studies on K-12 robotics
into several categories and presented the state of research in the field. Later, Spolaor
and Benitti (2017) studied systematically relevant educational robotics experiences
with theoretical support on tertiary education. A more recent literature review by
Pedersen et al. (2020) explored the focus, findings and design of research studies
conducted with commercially available educational robotics and made several recom-
mendations on how future studies in the field could be designed and conducted.

Our literature review stems from Benitti’s (2012) suggestion on investing in ER
teacher training and seeks to expand the classification of ER research studies made by
Bascou and Menekse (2016). This proposed a classification, identified common themes
in the literature, systematically organized the studies, and investigated the implemen-
tation of robotics in K-12 STEM education. One category was “professional, curricular,
and pedagogical development”, which comprised studies related to ER instruction.
When Bascou and Menekse analyzed the studies in this category, they found that most
of them evaluated teacher training workshops. However, most of these studies were not
based on quantitative analysis but on qualitative teacher feedback or surveys. Bascou
and Menekse therefore suggested that researchers should use more rigorous methods of
analysis and conduct longitudinal studies. Our literature review further explores the
current bibliography on teacher training programs in educational robotics in order to
provide the educational community with insight and recommendations for ER teacher
education. More precisely, the aim of this literature review is to structure and organize
research initiatives exclusively in the field of ER teacher training where, to our
knowledge, there are no prior results. This systematic review is structured around the
research questions defined below.

2.1.1 Research questions

* Research Question 1: What are the characteristics of ER teacher training programs
in terms of requirements, duration, trainer and trainee profiles and pedagogical
approach?

* Research Question 2: What best practices for ER teacher training programs are
documented in the literature?

2.1.2 Study search strategy

The following search string was applied to ERIC, Scopus and Web of Science, all of
which contain peer-reviewed, high-quality journal articles, reports, conference papers,
and books on the Educational Sciences. The search was restricted to study title, abstract
and keywords. Since the search string was long, it was split into shorter strings and
combined partial results for databases with size restrictions. The search string was:
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(“robot” OR “robotic” OR “lego”) AND (“teacher training” OR “teacher education”
OR “teacher development” OR “pre-service teacher” OR “in-service teacher” OR
“trainee teacher” OR “practising teacher” OR “practicing teacher”).

2.1.3 Selection and exclusion criteria

The selection and exclusion criteria for the articles included in our systematic literature
review are shown in Table 1. When a study met at least one exclusion criterion, it was
removed from the review. No exclusion criteria were related to the article’s date of
publication. The aim was to conduct an extensive review and examine whether changes
have occurred in ER training since the emergence of ER.

In total, 38 publications were included in the literature review. The selection process
is presented in detail in Section 2.2 (Conducting the review).

2.1.4 Extracted information and synthesis strategy

The information extracted from 38 publications was incorporated into a database under
the following three main themes: information about the publication itself, i.e. title, date
and authors; the characteristics of the teacher training program (duration, requirements,
trainer and trainee profile, and pedagogical approach) (see first research question); the
authors’ best practices in ER teacher training studies (see second research question). A
qualitative synthesis was applied to answer the research questions based on the
information in the database.

Table 1 Exclusion and Selection Criteria

Exclusion criteria Selection criteria

ECI: The publication was considered out of context SCI: The publication reports pre-service or
(e.g. the study examined primary school in-service teacher training in ER as a
pupils” ER learning). teaching tool for preschool, primary school,
secondary school or tertiary education.

EC2: The publication is not a primary study buta ~ SC2: The publication reports a study in ER teacher
synthesis that compares and contrasts training in formal or informal settings.
studies by other researchers.

EC3: The publication is not in English. SC3: The publication provides details about the
content of the teacher training program.

EC4: The publication is not in the correct format (e.g. SC4: The publication may not present research
the publication is a book review). results but it describes detailed contents of
training programs.

ECS5: Full text is not available. SC5: The publication may also refer to teacher
training in computational thinking,
computing or programming.

EC6: The publication refers to teacher training SC6: The publication may refer to teacher training
programs on advanced technologies (e.g. programs specialized in Computer Science
advanced mechanics). or other subjects.

EC7: The publication does not provide sufficient SC7: The publication elaborates on a teacher
information about the training program. training curriculum.
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2.2 Conducting the review
2.2.1 Sample

This study was conducted between May and July 2019. In total, 242 resources were
found. Most of these (47%) were from the SCOPUS database, with publication dates
ranging from 1986 to 2019. Publications from the Web of Science represented 29% of
our sample and those from ERIC represented 24%. Publication dates of the articles
from the latter two resources ranged from 1987 and 2019.

2.2.2 Publication selection process

The articles were selected in three phases (see Fig. 1). In the first phase, duplicate
resources were deleted. In the second phase, we selected suitable publications accord-
ing to whether they satisfied the selection criteria (Table 1) by examining only their title
and abstract. In the third phase, we selected the remaining publications according to the
selection criteria by examining the full-length publication. Before step 1 we had agreed
on the selection and exclusion criteria and on which information was to be extracted
from the publications. This concerned the content and structure of the teacher training
program, (including the requirements, duration and pedagogical approach, etc.) and the
profiles of the trainers and trainees. The first author conducted the publication selection
process and extracted the information from the selected publications. Simultaneously,
her work was being constantly reviewed by the second and third authors. Any
discrepancies among the researchers regarding the selection process and information
extraction were discussed and 100% consensus was reached. In step 1, the main
information about the authors, publication date and publication source was extracted
from the article and any duplicate publications were removed. Out of 242 publications
from the three databases, 42 (17%) were duplicates. After removing these duplicates,
we selected 200 publications to proceed to the following step. In step 2, the title and
abstract of these 200 publications were studied and, based on the exclusion criteria
outlined in Section 2.1.3, the publications were filtered. In total, 94 publications (almost
half the total number of publications in this step) were excluded, which left 106

Publications search in ERIC, Step 1. Removal of duplicate
SCOPUS and Web of Science: publications:
242 results — i 200 publications selected
42 duplicates removed

!

Step 3. Removal of publications Step 2. Removal of publications
based on full-text: based on title/abstract:
<«
38 publications selected 106 publications selected
68 publications removed 94 publications removed

Fig. 1 Summary of the publication selection process
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publications for step 3. In step 3, the remaining articles were examined and 38
publications were finally selected for the literature review.

A total of 38 publications were selected for this review (16% of the initial results).
Several publications in steps 1, 2 and 3 were excluded based on the exclusion criteria
outlined in Section 2.1.3. In Fig. 2 the publications are displayed by status, i.e. selected
publications, duplicates and excluded publications by exclusion criterion. The most
frequent exclusion criterion, which was applied to 33% of publications, was EC1 (“The
publication was considered out of context”). EC3 (“The publication is not in English”)
and EC4 (“The publication is not in the correct format™) each accounted for 11% of
exclusions, which suggests that these criteria were both fairly common. While
conducting this review, we found that many publications were in Korean and so were
excluded. In Section 3 we present the results of this review in accordance with our
research questions.

3 Results & discussion

3.1 Research question 1: What are the characteristics of ER teacher training
programs in terms of requirements, duration, trainer and trainee profiles
and pedagogical approaches?

3.1.1 Requirements for the completion of ER training

The requirements set by training programs have a direct impact on their participants’
involvement with ER, their time commitment to ER and, therefore, their learning.
Depending on the requirements of the training programs, the participants’ learning
experience may be different and the learning outcomes may change. Surprisingly, in

Publication Status

selected publications
16%

EC1
33%

excluded duplicates

17%
ECT
3%
EC6
2% ECS £C3
4% ffﬁ 11%
(]

Fig. 2 Publications selected and rejected, by exclusion criterion

@ Springer



Education and Information Technologies (2021) 26:2831-2852 2837

50% of the research studies (19 publications) we examined, there are no requirements
for completion other than attendance. The remaining publications do set requirements
for the completion of their training programs, however: 11 publications (29%) set a
final project and 8 (21%) require teaching practice (see Fig. 3). The training programs
shown in Fig. 3 also indicate whether the programs are for pre-service teacher training,
in-service teacher training, or mixed-status teacher training. In-service teacher training
programs take place either in their own educational institutions or in state teacher
training institutions. Pre-service teacher training programs, on the other hand, are
mainly conducted as part of a university Bachelor’s or Master’s degree, while mixed-
status teacher training programs include pre-service and in-service teachers in joint
training programs. The mixed training programs may also enable participants with
different profiles (in terms of teaching experience, age and familiarity with technology,
etc.) to get involved with ER in the same sessions. This may have considerable benefits
for both pre-service and in-service teachers since they can share their different expe-
rience and perspectives.

Many studies in our sample present training programs with no requirements (see
Table 2). The absence of any requirements for a training program raises questions about
participants’ learning and achievement of the programs’ learning and research objec-
tives. For example, Santos et al. (2016) studied the effectiveness of the training
delivered with no assignment, project or teaching practice required from participants.
Here, the lack of training requirements may cast doubt on how the effectiveness of the
training is measured and, therefore, on the achievement of the research objectives. The
absence of a final project or teaching practice requirement impairs the accurate
measurement of a training program’s effectiveness. Interestingly, some non-
requirement studies reported that participants were encouraged to incorporate the
knowledge they had acquired on their program into their classroom teaching or
curricular teaching practice (Alimisis 2014; Kay and Moss 2012; von Wangenheim
et al. 2017), even though it was not a requirement for the completion of their training.

In the case of studies of training programs with final project requirements, this final
project could be to design a robot, create a program or design instructional material that
such as a lesson plan. The most common requirement is to design instructional material.
To be more precise, a lesson plan may be assigned as a follow-up activity after a
training session (Nagchaudhuri and Mitra 2007) or the participants may be asked to
create their own lesson plans and then discuss and/or present them in class (Kim et al.

Teacher Training Programs - Requirements

Teaching practice requirement NN
Final project requirement  IEEG_
No requirements  INEEEEGEGEG_G__—_

0 5 10 15 20

M pre-service training in-service training mixed teacher-status training

Fig. 3 Requirements of teacher training programs
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Table 2 Classification of the training programs

Category

Sub-category

Publications

Teacher training
programs with no
requirement

Teacher training with
a final project
requirement

Teaching practice
requirement

(1) Pre-service training with no re-
quirement

(1) In-service training with no re-
quirement

(1) Mixed teacher-status training
with no requirement

(2) Pre-service training with a final
project requirement

(2) In-service training with a final
project requirement (creation
ofteaching material)

(2) Mixed teacher-status training
with a final project requirement

(3) In-service training with a teach-
ing practice requirement

(3) Pre-service training with a
teaching practice requirement

Angeli and Jaipal-Jamani 2018; Chambers and
Carbonaro 2003; Hadjiachilleos et al. 2013;
Jaipal-Jamani and Angeli 2017; Kaya et al.
2017; Major et al. 2011; Major et al. 2014.

Alimisis 2019; Bredenfeld and Leimbach 2010;
Caballero-Gonzalez and Mufioz-Repiso
2017; Goodale 2013; Hamner et al. 2016;
Kay and Moss 2012; Riedo et al. 2012;
Scaradozzi et al. 2019; Santos et al. 2016;
von Wangenheim et al. 2017

Alimisis 2014; Zhou et al. 2015.

Kim et al. 2015; Kim et al. 2012; Kucuk and
Sisman 2018; Nagchaudhuri and Mitra
2007; Sisman and Kucuk 2019

Bers et al. 2013; Castro et al. 2018; Gilkes
et al. 2014; Negrini 2019.

Agatolio et al. 2017; Alimisis et al. 2009.

Conchinha 2015; Hodges et al. 2016; Hynes
and Dos Santos 2007; Leonard et al. 2017;
Sullivan and Moriarty 2009.

Bers et al. 2002; Bers and Portsmore 2005;
Verner 2013.

2012; Kim et al. 2015). Participants may also be asked to create a pedagogical project
to be applied in the classroom (Castro et al. 2018), design their own robotics instruc-
tional materials for use in their future classes (Bers et al. 2013), design worksheets that
combine robotics and other subjects on the curriculum (Gilkes et al. 2014) or develop
multi-disciplinary didactic units and present them in class (Agatolio et al. 2017). The
training presented by Negrini (2019) moves a step further by suggesting that a database
of robotics materials could be created and a community could be built to allow trainees
to stay in contact after the training program has ended. This database would help
teachers find suitable ER materials since they would be able to exchange their own
materials and opinions with their fellow teachers. Instead of designing instructional
material, participants may be asked to design a robot for a specific educational use
(Kucuk and Sisman 2018; Sisman and Kucuk 2019).

Finally, in our sample (see Table 2) there are eight ER training programs with a
teaching practice requirement that highlight the importance of putting into practice the
knowledge acquired on the program by applying it in a real educational context for pre-
service teachers or integrating it into daily teaching practice for in-service teachers. In
the pre-service teacher training programs, the pre-service teachers are required to take
part either by delivering the sessions or helping to deliver them. In Bers et al. (2002),
pre-service early childhood teachers designed and delivered their own educational
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robotics sessions that integrated ER with other areas of the curriculum, while in Verner
(2013) the participants helped to teach robotics to middle school and high school
students in a technology laboratory. Moving a step further and involving students
from other fields, in the study by Bers and Portsmore (2005) pre-service early child-
hood teachers collaborated with engineering students to create, implement and evaluate
a curriculum in STEM subjects. In the case of in-service teacher training programs, on
completion of their training participants were asked to deliver ER sessions to their
students (Conchinha 2015; Hodges et al. 2016; Sullivan and Moriarty 2009).

3.1.2 Duration of ER teacher training programs

The duration of the training programs in the studies reviewed varies substantially,
though information such as total training hours, hours attended, hours of teaching
practice, time commitment and course credits (in the case of pre-service teacher
training) is not always explicitly provided in the publications. Despite this lack of
specific information on the duration of ER training programs, in this study we make a
first attempt to classify relevant publications based on reported time commitment in the
following categories; a) minimum duration (programs lasting one day only), b) short
duration (programs lasting 2—5 days and/or 5-19 h), ¢c) medium duration (programs
lasting over 5 days and/or 20-39 h) d) long duration (programs lasting over 39 h), and
e) no clear information about the duration of the program. Our results (see Table 3)
show that 18 of the studies included in our review investigate short training programs
that last less than 5 days and/or 19 h. More specifically, six of these short duration
programs last only one day. Even among these minimum-duration training programs,
differences regarding the participants’ time-commitment exist since the training session
may last the whole day (Major et al. 2011), one afternoon (Nagchaudhuri and Mitra
2007), or three hours (Zhou et al. 2015).

An important question here is whether training programs of such a short duration are
able to effectively address the research objectives set by researchers. The study by Zhou
et al. (2015), for example, concluded that after taking part in the training sessions, the
teachers perceived as positive their usefulness and the ease with which ER can be used.
Doubt is cast, however, on whether these positive results are due to the three-hour
training session itself or whether they derive from the teachers’ prior experience with
robotics. Similarly, the positive results reported in the study by Caballero-Gonzalez and
Mufioz-Repiso (2017) with regard to teachers’ acceptance and motivation for using
educational robotics could be due either to the one-day workshop itself or to the

Table 3 Duration of ER training programs

Classification of training programs based on duration Number of publications
a) Minimum duration training programs (one day only) 6

b) Short-duration training programs (2—5 days and/or 5-19 h) 12

¢) Medium-duration training programs (over 5 days and/or 20-39 h) 6

d) Long-duration training programs (over 39 h) 11

e) No clear information about the duration of the training program 3
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participants’ enthusiasm with their first contact with robotics. To effectively examine
the willingness and motivation of teachers for using ER resources in their teaching,
longer training programs with requirements other than attendance and participation in
workshop activities is necessary. Even a full-day workshop may lead the research
community to question the comprehensiveness of such a training program and, there-
fore, the results of the corresponding research study.

3.1.3 Trainer and trainee profile

The participants in the training sessions in the studies we reviewed are either pre-
service teachers who attend a university course (15 studies) or in-service teachers who
work in preschool, primary school or secondary school education (21 studies). Pre-
school teacher training is not as common as primary and secondary school teacher
training. In the studies reviewed, only three training programs are held exclusively for
preschool teachers (Bers et al. 2002; Bers et al. 2013; Caballero-Gonzalez and Muioz-
Repiso 2017), while four training programs are held for preschool teachers as well as
primary and secondary school teachers (Bers and Portsmore 2005; Castro et al. 2018;
Negrini 2019; Scaradozzi et al. 2019). Even less common are training programs for
special needs teaching staff since only two relevant studies were found. Training in the
study by Conchinha (2015), for example, was designed for teachers of children with
special educational needs, while that in the study by Agatolio et al. (2017) was
designed for learning-support teachers from several disciplines. Some research studies
provide further information about the participants’ profiles. In the research studies we
selected, the educational backgrounds of the participants differ substantially. In some
studies, for example, the participants are ICT teachers/teacher candidates (von
Wangenheim et al. 2017; Major et al. 2014; Major et al. 2011), while in others they
are teachers of STEM subjects (Goodale 2013; Hodges et al. 2016; Kay and Moss
2012; Nagchaudhuri and Mitra 2007) or from a variety of subject areas (Gilkes et al.
2014; Hamner et al. 2016; Leonard et al. 2017; Riedo et al. 2012; Scaradozzi et al.
2019). The participants’ prior experience with programming also varies from study to
study. In Kay and Moss (2012), for example, most participants had little or no
programming experience and were not very confident of their own ability to learn
how to program a robot. Similarly, in Kaya et al. (2017) the participants had no prior
programming or robotics experience. On the other hand, in Major et al. (2011) and
Major et al. (2014) most trainees had programming experience, while in Zhou et al.
(2015) most participants had experience in facilitating robotics clubs during the
previous school year. Despite the heterogeneity in the participants’ educational back-
grounds and programming experience, several studies in our sample have one point in
common, i.e. female participants tend to outnumber their male counterparts (Bers et al.
2013; Castro et al. 2018; Hadjiachilleos et al. 2013; Kim et al. 2012; Kim et al. 2015;
Kucuk and Sisman 2018; Nagchaudhuri and Mitra 2007; Negrini 2019; Sisman and
Kucuk 2019; von Wangenheim et al. 2017).

Some research studies also provide information about the trainers responsible for
preparing and delivering the training programs. In the context of tertiary education, the
trainer is usually a university professor with a background in ER, pedagogy and/or
technology. Some programs have more than one trainer. In Angeli and Jaipal-Jamani
(2018) and in Jaipal-Jamani and Angeli (2017), for example, there are two trainers with
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complementary profiles, one of whom is an instructional technology educator and the
other is a science education lecturer. To further enrich the teachers’ experience in ER
training, the trainers-in-charge may invite experts in the field to conduct some of the
training. For example, Kaya et al. (2017) invited a guest speaker specialized in
engineering projects for minorities, including women, while, Hynes and Dos Santos
(2007) invited experts from various fields to further add to the teachers’ experience. As
well as experts, training assistants also seem to play an important role in teacher
training programs. In Chambers and Carbonaro (2003), a teaching assistant supported
the participants with challenges or problems, while in Kay and Moss (2012), five
Computer Science undergraduate assistants supported the participants during the lec-
tures and hands-on periods. The assistants’ role in this training is important since they
make learning easier for participants and lessen their frustration with kits/equipment
during a fast-paced training session (Gilkes et al. 2014). To portray the profiles of
teacher trainers and their teams better, more information is needed about their back-
ground, expertise and role in the training program.

3.1.4 ER pedagogical approaches

As well as learning about ER and gaining confidence with ER resources, the teachers
need to become familiar with pedagogical approaches to ER activities and the imple-
mentation of the curriculum in school contexts. When examining the studies in our
sample, we found that not all training programs focus on pedagogical approaches and
relevant theories. Although some studies refer to some teaching approaches in the
introductions to their articles and perhaps also in the theoretical framework, they do not
clarify whether the training itself or the curriculum were based on the approaches we
have previously mentioned. In Kim et al. (2015), for example, the authors refer to
several teaching approaches (e.g. project-based learning, student-centered approach,
etc.). However, they do not state explicitly which learning theory their teacher training
program is based on. Finally, several studies in our sample were clearly not based on
any pedagogical approach or theory (Caballero-Gonzalez and Mufioz-Repiso 2017,
Hamner et al. 2016; Kay and Moss 2012; Major et al. 2011; Riedo et al. 2012; Gilkes
et al. 2014; Nagchaudhuri and Mitra 2007), since none of the sections in those articles
refers to learning theories or pedagogical approaches.

The teacher training programs that are based on a pedagogical approach or theory
are usually based on constructivist/constructionist pedagogy (Agatolio et al. 2017,
Alimisis et al. 2009; Alimisis 2014; Alimisis 2019; Bers et al. 2002; Bers and
Portsmore 2005; Castro et al. 2018; Chambers and Carbonaro 2003; Major et al.
2014; Negrini 2019; Scaradozzi et al. 2019; Sisman and Kucuk 2019). Participants in
a constructionist learning environment are able to experience for themselves instruction
and meaningful learning within a hands-on, constructive, collaborative and active
environment (Chambers and Carbonaro 2003). For example, in Bers et al. (2002) and
Bers and Portsmore (2005), the courses were based on the four tenets of
constructionism, i.e. learning by design, using objects to learn with, identifying pow-
erful ideas, and understanding the importance of self-reflection. The 5-E Model
(Engage, Explore, Explain, Elaborate and Evaluate) presented in the study by Hynes
and Dos Santos (2007) was also based on a constructivist philosophy of learning.
Another pedagogical approach implemented in several studies in our sample is the
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inquiry-based method (Hadjiachilleos et al. 2013; Hodges et al. 2016; Jaipal-Jamani
and Angeli 2017; Zhou et al. 2015). As Zhou et al. (2015) asserted, an inquiry-based
approach addresses the needs of a diverse student population and enables students to
take charge of their learning experiences. Also common in the teacher training pro-
grams in our sample are the project-based learning approach (Alimisis 2019; Alimisis
et al. 2009; Negrini 2019), the discovery-based learning approach (Sullivan and
Moriarty 2009) and learning by design (Alimisis et al. 2009). Some training programs
were also based on the Next Generation Science Standards (NGSS), the Engineering
Design Process (Goodale 2013; Kaya et al. 2017) or the innovative didactic method-
ologies of Digital Storytelling and Classroom Debate (Scaradozzi et al. 2019). Finally,
two studies were based on the Technological Pedagogical Content Knowledge (TPCK)
framework (Bers et al. 2013; Castro et al. 2018).

3.2 Research question 2: What best practices for ER teacher training programs are
documented in the literature?

Our review identifies the best practices in ER teacher training. These are divided into
the five following categories: Collaboration, materials, pedagogy, practice and
feedback/support (see Table 4).

3.2.1 Best practices: Collaboration

The publications in our sample underline the importance of collaboration among the
training participants. In the study by Agatolio et al. (2017), the teachers collaborated
throughout the training program on developing the final project while in the study by
Scaradozzi et al. (2019), the trainees shared artefacts, compared different solutions and
taught each other how to solve various types of problems. Similarly, in the study by
Zhou et al. (2015), the program incorporated a discussion session for sharing ideas on
multidisciplinary ER activities. Kucuk and Sisman (2018) recommended creat-
ing a non-competitive atmosphere for the program without panic or stress. The
participants were allowed to work individually or in pairs according to their
preference (Bredenfeld and Leimbach 2010). In the study by Conchinha (2015),
some teachers worked together in the same school and chose to collaborate on
developing activities for their students. In other studies, the participants
collaborated after completing their training. Hynes and Dos Santos (2007)
stressed the importance of exchanging feedback when implementing ER activ-
ities, so they held afternoon sessions for their teachers where they could discuss
successful strategies, resources, materials and solutions to implementation
challenges. Hynes and Dos Santos (2007) asserted that it would be useful for
teachers to observe each other teaching and to share teaching classroom styles,
approaches, struggles and successes. In the same vein, Kim et al. (2015)
suggested that giving teachers the opportunity to observe how other teachers
integrate STEM content into robotics activities may also help teachers improve
their own lesson plans. Collaboration among teachers could also be expanded
even further by building a community of teachers. Some researchers highlighted
the importance of building this community to make training programs more
effective (Hamner et al. 2016). Others suggested that the community could be
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Table 4 Best practices summary

Categories Best practices
Collaboration * To encourage collaboration among participants to develop a final project.
* To create a teacher community or network at the EU level to facilitate sharing among
educators.

* To hold afternoon sessions immediately after implementing ER activities in the
classroom to enable participants to discuss and exchange opinions and experiences.

* To observe the teaching performance of fellow trainees in order to share teaching styles,
approaches, struggles and successes and to incorporate STEM content into robotics
activities.

* To share artefacts, solutions and ideas on multidisciplinary ER activities.

* To create a non-competitive atmosphere among trainees with no panic or stress.

Practice * To practice a specific exercise with robots and software and implement technical
knowledge with hands-on work involving assembly and programming.

* To ensure sufficient time is available on the program to enable participants to become
familiar with the resources, do programming and assembling activities, and do graded
exercises.

* To incorporate their ER activities into their schools or participate in outreach robotics
activities.

Materials » To make robotics kits available for classroom teaching and provide trainees with the
equipment they used in their training so that they can use it in their own classes.
* To provide participants with teaching materials.
* To enable participants to use their training time to design ER teaching materials and later
implement them in their own classroom.
* To create a database of ER activities.

Pedagogy * To instruct trainees in the pedagogical frameworks for implementing ER activities,
innovative didactic methodologies, best examples of ER activities, and integrating ER
into various fields.

* To teach participants how to deal with issues such as classroom management in ER

activities.
Feedback and * To provide participants with researcher feedback on the lesson plans they create during
support the training program.

* To provide ongoing teacher support by observing the participants’ classes and assisting
in the activities.

expanded to the EU level (Alimisis et al. 2009) or explained that it would help
to promote communication, collaborative work and sharing among researchers,
teachers and learners (Alimisis 2014).

3.2.2 Best practices: Teaching materials

Another best practice reported in the publications in our sample is to provide teachers
with materials for classroom use after the end of the training program. Alimisis et al.
(2009) suggested that teachers need a sufficient number robotics kits available in order
to use robotics in their classroom teaching, while Riedo et al. (2012) asserted that
teachers need to be given the equipment they used in the training for free so that they
can apply in their classrooms what they had learned during their training. It has also
been suggested that teachers should take the materials they used in training to school to
showcase them to their students and colleagues (Kay and Moss 2012). Providing the
participants with teaching materials is also good practice because it facilitates the future
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application of ER activities in the classroom (Castro et al. 2018; Hamner et al. 2016;
Negrini 2019) since teachers do not have much time in the regular school week to
devote to planning (Hamner et al. 2016). In fact, Hamner et al. (2016) suggested that
teachers should use their training time to design the ER activities they will later
implement in class. In the study by Negrini (2019), a database of educational robotics
activities was created by the teachers themselves, which they later applied in their own
classrooms. First they tested the activities with their own students and then shared them
with their fellow trainees.

3.2.3 Best practices: Pedagogy

Best practices in ER teacher training also involve instructing trainees in the pedagogical
aspects of ER (Kim et al. 2012). In the program presented in the study by Castro et al.
(2018), the training went much further than using robots in educational settings since
the teachers were instructed in pedagogical and learning theories, shown best cases of
ER activities, and asked to develop a didactic project. Similarly, in the program
presented in the study by Scaradozzi et al. (2019), the participants were given instruc-
tion in the pedagogical frameworks behind the implementation of ER activities as well
as in innovative didactic methodologies. Kucuk and Sisman (2018) recommended
providing information about ER pedagogical approaches and integrating ER into the
various areas of the curriculum. In addition to being given technical and pedagogical
knowledge, teachers should also learn how to deal with issues that are likely to come up
in their future classes, e.g. how to manage the classroom during ER activities (Hynes
and Dos Santos 2007).

3.2.4 Best practices: Practice

Another good practice is to encourage teachers to put the technical and pedagogical
knowledge they have acquired on the training program into practice. Researchers
recommend that teachers should, on the one hand, put their technical knowledge into
practice through hands-on work involving assembly and programming (Kim et al.
2015) and concrete exercises in using robots and software themselves (Agatolio et al.
2017). On the other hand, they should also have the opportunity to use the new
teaching resources and materials by implementing ER activities into their classrooms
(Hynes and Dos Santos 2007) or participating in outreach robotics activities (Gilkes
etal. 2014). With regard to technical practice, ER training activities should be of graded
difficulty, beginning with simple exercises and with the level of difficulty gradually
increasing (Negrini 2019). Teachers should also be given sufficient time for program-
ming and assembling during training (Goodale 2013) and for familiarizing themselves
with the equipment (Agatolio et al. 2017; Hamner et al. 2016).

3.2.5 Best practices: Feedback and support
Finally, another good practice in ER teacher training programs is to receive support
from the instructors/researchers during and after the training program. Negrini (2019)

recommended that the research team should regularly be invited to classes to observe
the activities teachers have planned and even to help out. This would give the

@ Springer



Education and Information Technologies (2021) 26:2831-2852 2845

researchers an overview of what the teachers are doing and what their needs are after
the program has officially ended (Negrini 2019). In line with this idea, von
Wangenheim et al. (2017) stressed that ongoing teacher support is needed throughout
the training program. Hamner et al. (2016) also recommended that researchers should
give teachers feedback on the lesson plans they create in the training sessions.

4 Conclusions & Recommendations

The main aims of this study were to examine the characteristics of ER teacher training
programs and provide recommendations on the content, structure and implementation
of future ER teacher training programs and research studies (see Table 5). First we
examined the characteristics of the studies and then made recommendations for ER
teacher training and research.

One of the main conclusions from this study is that a substantial number of training
programs do not set any requirements for their completion. However, setting require-
ments such as designing robots, creating programs, designing instructional materials or
doing teaching practice would ensure that participants would acquire the learning they

Table 5 Recommendations for the design of future ER teacher training programs and research

Recommendations for future ER research design

Recommendations for future ER teacher training
programs

Conduct further research in ER teacher training for
teachers of children with special educational needs
and teachers in preschool education.

Implement a well-documented teaching methodology
founded on pedagogical theory and explain its
implementation explicitly in the description of the
training program.

Strengthen the description of the ER teacher training
program by providing information on the precise
duration of the program and the profiles of the
trainers (background, expertise and functions).

Extend the sample and duration of the intervention in
order to increase the representativeness and
generalizability of the research results.

Improve the generalizability of the results by
implementing pilot studies and/or control groups,
using rigorous (quantitative and qualitative) re-
search methods and reliable and validated data
collection instruments.

Assess the effectiveness of the teacher training
program by measuring the participants’
competence based on their projects or their
implementation of ER activities in a real teaching
context.

Promote the exchange of ideas and materials between
teachers during and/or after the training program.

Incorporate pedagogical as well as technical aspects
into ER teacher training.

Provide teachers with the robotics kits they used on
their training program (if available) so that they can
use them in the classroom.

Give teachers the opportunity to put their technical
and/or pedagogical knowledge into practice during
the training program.

Create a positive learning atmosphere by promoting
collaboration during the training program.

Ensure teachers receive support from their training
instructors/researchers both during and after their
training program.

Adjust the pace and/or content of the training program
to the participants’ needs and preferences.
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need and that the effectiveness of the training program or other variables would be
effectively measured. For research studies whose aim is to measure the effect of ER
teaching methods or ER teacher training models, a final project or teaching practice
requirement would make measuring the effect easier, increase the reliability of the
research, and improve the generalizability of the results. We therefore recommend
setting requirements to complete the training program and including these requirements
in the research study design. As was suggested by Pedersen et al. (2020) when they
studied the effect of commercially available ER products, ER research design needs
improving. This can be achieved by implementing pilot studies and/or control groups,
using rigorous research methods (both quantitative and qualitative), and using reliable
and validated data collection instruments. Training completion requirements such as
designing a robot, creating a program, designing instructional materials or doing
teaching practice could function as data collection sources and/or instruments and thus
improve the design of the research study.

Another important conclusion concerns the duration of the training programs, a
considerable number of which are relatively short. The short-term nature of K12
robotics studies was also reported by Bascou and Menekse (2016). Moreover, the
precise duration of the programs is often unclear since measurement methods differ
from context to context, e.g. terms such as half-day, module-long, and hour (to refer
either to a teaching duration or a time interval of 60 min) vary from country to country
and probably from institution to institution. The descriptions of the training programs
included in this study also lack information about the required time commitment (the
total number of training hours, attendance hours, teaching practice hours, etc.) and the
academic or professional development (PD) credits awarded by the programs. We
therefore suggest strengthening the descriptions of the training programs with details of
the total number of training hours, attendance hours, teaching practice hours etc. We
also recommend increasing the duration of the training programs and improving the
reliability of the findings by conducting longitudinal research studies.

From our analysis of the profile of trainees, we also conclude that there is a limited
number of ER teacher training studies for preschool teachers and teachers of children
with special educational needs. Moreover, the participants’ subject area and prior
experience with programming differ greatly from study to study. However, a common
feature is that most participants are female. The tendency for female ER teacher training
participants to outnumber their male counterparts may be explained by the greater
number of females in education and/or women’s greater interest in learning about ER
resources and pedagogies. The fact that numerous ER training programs address
teachers with different subject areas, including those whose school subjects are not
conventionally linked to technology, highlights the interdisciplinarity of ER. With
regard to the profile of the trainers, the studies often lack explicit information about
their background, expertise or organization. We suggest that in future ER teacher
training research should be conducted on teachers of children with special educational
needs and preschool teachers and that the training descriptions should be reinforced
with the trainers’ profile. We also recommend using gender-balanced random sampling
with an appropriate sample size in order to increase the representativeness and gener-
alizability of the research results. As was also reported in Pedersen et al. (2020),
researchers’ access to samples in educational institutions should be facilitated to
achieve this.
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Throughout the robotics evolution process, a wide range of ER resources have
become available to the educational community, thus facilitating the implementation
of ER activities. The robotics evolution is also reflected in ER teacher training since the
number of ER teacher training research studies has increased over the last few years.
Two of the training studies contained in this review were published between 2000 and
2004, five were published between 2005 and 2009, 11 between 2010 and 2014, while
20 have been published in the last five years (2015-2019). ER teacher training
programs are becoming increasingly important in educational research. However,
researchers do not always focus on the pedagogical approach or base their programs
on learning theory. Our results show that seven studies clearly do not base the content
or structure of their training program on any pedagogical approach or learning theory.
Those that do are mainly based on constructivist/constructionist pedagogy, the inquiry-
based approach or project-based learning. Our results are partially in line with those of
Altin and Pedaste (2013), who report that the most popular methods in teaching
robotics are problem-based, constructivist and competition-based. From the above,
we conclude that ER teacher training programs should implement a well-documented
teaching methodology based on pedagogical theory, justify their choice of methodol-
ogy, and explicitly explain in their program description how it will be implemented.

As well as studying the characteristics of ER training programs, in this this review
we also make recommendations for future teacher training programs (see Table 5). Our
recommendations are built on the best practices encountered in the studies we have
reviewed (see Section 3.2). First we recommend encouraging teachers’ exchange of
views and/or materials during and/or after their training. Teachers can benefit from
sharing ideas and instructional materials during the program and on their follow-up
teaching practice. They would also greatly benefit from observing their fellow training
participants on their teaching practice. At the end of the program, we also suggest
building a network of public (state) school teachers who have attended ER teacher
training programs and are currently applying ER activities in their schools. This
teachers’ network could be organized at the local level, be coordinated by the ministries
of the various countries involved, and support its members by holding events and
seminars. These events and seminars would facilitate the exchange of teaching mate-
rials between teachers and enable the community to discuss and solve any common
difficulties they have encountered in their educational contexts. We also advise pro-
viding the educational institutions where the trainees are employed with a suitable
number of ER resources for classroom use, especially those that are used on the training
program since the teachers will already know how to use them. Educational institutions
should plan the allocation of ER resources among their classes carefully to ensure they
have a suitable number of robotics kits for their groups of students. If an insufficient
number of robotics kits are available for all schools, we encourage schools to share their
resources with their neighboring institutions under the supervision of local ministries or
services. We also recommend ensuring that teachers have instructional materials
available for classroom use after their training. These instructional materials could be
provided by the program instructors or designed during their training by the participants
themselves. As well as providing instruction in how to use robotics resources and/or
programming, the ER training program should also be pedagogically oriented. The
participants should be familiar with pedagogical aspects associated with classroom
implementation, such as the pedagogical frameworks behind the implementation of the
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ER activities, innovative didactic methodologies for integrating ER into the various
fields, and the classroom management of ER activities. We also advise giving teachers
the opportunity to put their technical and/or pedagogical knowledge into practice by
conducting hands-on work involving assembly and programming, conducting specific
exercises on the use of robots and software, and conducting ER activities in their
schools or outreach educational programs. We also recommend adapting the pace and/
or content of training to the participants’ needs and preferences, since the participants
are teachers themselves and are able to identify in which areas they need more help and
which areas will be more useful for their educational context and level. Finally, since
the participants’ first contact with ER can be quite demanding, we recommend that they
should be given continuous support by the training instructors/researchers both during
and after their training program when they are incorporating their ER activities into
their school context. This ongoing support could last for either a semester or a school
year depending on the teacher’s profile and his or her performance in the training
sessions. The support could be technical or related to instructional materials or class-
room management issues depending on the individual teacher’s profile and needs.

The above recommendations should contribute to the content, structure and imple-
mentation of future ER teacher training programs and the design of research studies
(Table 5). One limitation of this review, however, is that it was based on the limited
number of teacher training interventions documented in the current literature. Since
most ER teacher training programs are conducted outside the research community,
these are not often scientifically documented. It would be interesting for future research
to examine the effectiveness of training programs based on the recommendations
outlined in this paper and make further suggestions for improving the research on
training programs. We also suggest assessing trainees based on implementations of ER
activities in real teaching contexts, since classroom data would help to create a
comprehensive study of the effectiveness of the teacher training programs delivered.
Finally, future research is also needed to further examine the reliability and generaliz-
ability of the results of ER teacher training research.
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