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Abstract

The purpose of this convergent mixed-methods study was to evaluate the effect of edu-
cational robotics on pre-service teachers’ programming comprehension and motivation.
Computer science is increasingly being integrated into K-8 curricula. However, a short-
age of teachers trained to teach basic computer science concepts remains unresolved. This
study thus utilized educational robotics as “mindtools” to teach programming concepts to
pre-service teachers. Data were obtained through a pre-post comprehension assessment,
a pre-post motivation survey, field notes, and individual interviews. The findings of this
study indicated that pre-service teachers’ comprehension of programming concepts and
motivation related to programming can be improved through educational robotics to statis-
tically significant levels. Design implications on integrating educational robotics into pre-
service teacher programming instruction are discussed.

Keywords Programming - Robotics - Pre-service teachers - Teacher education - STEM

Introduction

Computer science is being increasingly integrated into K-8 curricula in the United States;
however, due to the dearth of teachers specializing in teaching computer science (CS), core
subject teachers without sufficient CS competence are being asked to integrate CS con-
cepts into their instruction (Burke et al., 2016; Mannila et al., 2014). Compounding the
lack of teachers prepared to teach CS concepts, teachers may erroneously feel that CS can
only be taught through high-level computer programming languages like C ++ or Java (EI-
Hamamsy et al., 2020). A pervasive impression of intimidation among teachers’ vis-a-vis
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learning programming concepts makes them less motivated to implement any program-
ming instruction, denying students the chance to develop their CS competencies from an
early age (Rogerson & Scott, 2010; Sentance & Csizmadia, 2020). Research has attributed
teachers’ intimidation with programming to a lack of opportunities for pre-service teachers
(PSTs) to learn effective CS pedagogy, especially given few educator preparation programs
prepare PSTs to implement CS concepts in their teaching (Gleasman & Kim, 2020). Effi-
cient curriculum with a focus on PSTs” CS competence and their motivation towards teach-
ing CS is needed to overcome PSTs’ intimidation with programming.

Educational robotics kits have gained intrigue for their potential to make learning pro-
gramming less intimidating for PSTs (Ortiz et al., 2015). Robots are physical manipulatives
that can help cut through PSTs’ initial apprehension of CS concepts and become engaged
in programming (Kim et al., 2015). This research thus examined the effectiveness of robot-
ics in preparing PSTs to teach programming and helping PSTs overcome the challenge
of learning programming. A convergent mixed methods study (Creswell & Plano Clark,
2018) was conducted in a required educational technology course for PSTs, by collecting
complimentary sources of qualitative and quantitative data to converge the findings about
the effectiveness of robotics on the programming comprehension and motivation of PSTs.

Two novel aspects as follows distinguish this study from previous research. First, while
PSTs’ experiences learning programming on a computer screen have been researched (e.g.,
Erol & Kurt, 2017; Gleasman & Kim, 2020; Yukselturk & Altiok, 2017), few studies have
investigated the use of robotics manipulatives for teaching PSTs programming concepts
(Kim et al., 2015; Kucuk & Sisman, 2018). Second, while numerous studies have aimed to
measure the impacts of robotics on variables such as PSTs’ STEM engagement (Kim et al.,
2015), engineering design (Yuan et al., 2022), or debugging (Kim et al., 2022) research
evaluating the impact of robotics specifically on PSTs’ motivation related to programming
is still emerging (Jaipal-Jamani & Angeli, 2017; Sisman & Kucuk, 2019). The findings
benefit researchers by adding to the limited literature on PSTs learning programming and
provide implications for pre-service teacher educators (PSTEs) in designing effective pro-
gramming-focused instruction.

Specifically, the research questions for this study were:

(RQ1) What is the effect of educational robotics on PSTs’ comprehension of program-
ming concepts?

(RQ2) How and to what extent does educational robotics influence PSTs’ motivation
related to programming?

Literature review
Programming

Common text-based programming languages have been reported to be challenging to learn
because of the specific grammar and syntax requirements for each command (Alkaria &
Alhassan, 2017). There are educational block-based versions of programming languages
(e.g., Scratch, Alice) that offer varying scaffolds to novice programmers while they learn
to write programs (Weintrop & Wilensky, 2017). Such programming languages remove
the complex syntax and related errors likely to be encountered by novices by incorporat-
ing codes into blocks that have the grammar essential to programming languages built-in
(Weintrop & Wilensky, 2017).
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Block-based programming languages are therefore often integrated in PST classes
to introduce novices to programming. Research has indicated that PSTs’ attitudes and
motivation to integrate CS concepts into their teaching improved because of block-
based programming instruction (Gleasman & Kim, 2020). However, PSTs have experi-
enced issues with programming concepts like identifying variables, defining conditions,
and identifying errors (Kim et al., 2015). A study by Ortiz et al., (2015) noted that PST
participants felt intimidated by the abstract math concepts required to teach program-
ming. These studies imply that PSTs experience difficulties with programming concepts.

Constructivism and robotics

According to Piaget (1973), constructivism is the building of abstract knowledge struc-
tures in one’s mind through concrete experiences. In the constructivist view, the men-
tal creation of knowledge necessitates the use of hands-on activities (Bruner, 1996).
Robots’ abilities to be used as physical manipulatives which can illuminate abstract con-
cepts (Han, 2013), like programming concepts, make them an ideal constructivist mind-
tool for learning.

Constructivist robotics instruction has been increasingly integrated by educator prepara-
tion programs to foster in-service teacher (IST) and PST programming skills. For example,
Alimisis et al., (2007) developed a constructivist approach aligned computer and robotics
technologies with the construction of meaning through hands-on activities. Further, Jaipal-
Jamani and Angeli (2017) found significant increases in elementary PSTs’ understanding
of science and computational thinking concepts as a result of constructivist robotics activi-
ties in a science teaching methods course. PSTs also perceived that a constructivist robotics
programming course improved their programming skills in a study by Kucuk and Sisman
(2018). Additionally, constructivist robotics instruction can help improve various aspects
of teachers’ motivation about programming. Kay et al., (2014) found that ISTs’ confidence
in their programming skills increased significantly after they completed robotics activities,
and Sisman and Kucuk (2019) found that constructivist learning methods improved PSTs’
motivation related to robotics.

Impact of robotics on PSTs’ comprehension of programming concepts

Numerous researchers (e.g., Kaya et al., 2015; Majherova & Kralik, 2017) point out that
robotics instruction is becoming more common in PST preparation around the world.
Jaipal-Jamani and Angeli (2017) found robotics activities were effective for increasing
PSTs’ abilities to write algorithms and debug programs as Canadian PSTs learned about
algorithms, debugging, control structures, and writing sequences of programming. Kucuk
and Sisman (2018) studied Turkish PSTs’ experiences while learning programming and
robotics in a 13-week course. The PSTs learned about composing original programs for
the robots in collaborative groups and felt the robotics programming course improved
their programming skills (Kucuk & Sisman, 2018). Contrasting these findings, a study by
Kim et al. (2018) determined that PSTs did not successfully learn programming concepts
or debugging, and they instead relied upon tinkering to successfully program robots. As
robotics instruction has been increasingly integrated by PSTEs, the research calls for evi-
dence on its impact on PSTs’ comprehension of programming concepts.
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Impact of robotics on PSTs’ motivation related to programming

Few studies have examined motivation in relation to learning programming (Kelleher et al.,
2007). Motivation is the extent to which persistent effort is sustained toward a goal (Ryan
& Deci, 2020). Studies have shown participants with high levels of motivation spend more
time learning, get more engaged in learning materials, and are more likely to apply new
knowledge (Ryan & Deci, 2020). Researchers have presented numerous indicators of moti-
vation like (a) behavioral engagement — behaviors associated with effort in learning (Fre-
dricks et al., 2004), (b) intrinsic motivation — learners’ desires to learn about a topic due to
their inherent interest (Ryan & Deci, 2020), (c) career motivation — motivation exhibited
when learners understand the topic is relevant to their future careers (Arwood, 2004), (d)
self-efficacy — learners’ confidence in their abilities to achieve learning tasks (Bandura,
1997), and (e) self-determination — the control learners exhibit over their learning (Black &
Deci, 2000).

Despite few studies addressing PST’s motivation towards programming, research has
found that robotics interventions enhance PSTs’ intention of integrating robotics into their
instruction (Jaipal-Jamani & Angeli, 2017; Kaya et al., 2015). A study by Jaipal-Jamani
and Angeli (2017) reported that over 85% of their PST participants were willing to use
robotics in their teaching after learning with them. Kaya et al.’s (2015) study reported that
all PSTs decided to integrate block-based programming and robotics into their elementary
science classes. In addition, a study by Sisman and Kucuk (2019) added that PSTs who
decided to integrate robotics were most motivated by the idea that they could learn to teach
their future students how to program robots. However, literature on the impact of robotics
on PSTs” motivation towards teaching programming remains limited but urgently needed.

Methods
Research design

A convergent parallel mixed-methods (Creswell & Plano Clark, 2018) design was applied
to provide holistic evaluation of the impact of robotics on PSTs. This study used a pre-post
one-group design for the quantitative investigation and collected qualitative data concur-
rently. The findings from the two sources were then converged. Convergent parallel mixed-
methods design is a technique in which researchers gather quantitative and qualitative data
simultaneously then analyze the data separately to see if the triangulation of results “con-
firm or disconfirm” each other (Creswell, 2014, p. 219). This convergence allows research-
ers to pinpoint more specific conclusions than single-method research as the qualitative
results can provide depth to the quantitative results.

Participants

This study took place at a medium-sized liberal arts university in the southeastern USA and
included a purposeful sample of participants from one educational technology class. The
inclusion criteria stipulated that participants had to be PSTs in education majors. Out of the
23 students in the class, two non-education majors were excluded. Three education majors
dropped the class during the study, so their data were removed prior to analysis. A total of
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18 PSTs, including 15 females and three males, made up the sample. These participants
represented all the education majors offered by the university: early childhood (2), elemen-
tary (9), middle level (3), special (2), and physical (2). The participants’ ages ranged from
18 to 23 (M=19, SD=1). The participants included freshmen (6), sophomores (11), and
one junior.

Intervention

This study utilized a constructivist robotics intervention that spanned four weeks. As
described by Martin et al., (2011), Lego EV3 robots running the EV3-G block-based lan-
guage were chosen because of Lego robotics’ developmental appropriateness for the K-8
learners the PSTs will teach, and the popularity of Lego EV3 robots in K-8 schools. Partic-
ipants were paired randomly for the intervention as suggested by Marzano (2007) to foster
problem-solving and collaboration. The class met twice per week for one hour and fifteen
minutes per session. Each lesson was aligned to K-8 state and course standards.

The robotics intervention was divided into four week-long units: (1) Basic Procedures,
(2) Advanced Procedures, (3) Control Structures, and (4) Variables. Each unit consisted
of demonstrations, activities, and challenges. The Basic Procedures unit focused on the
core syntactic programming skills needed to write functional programs. Participants were
challenged to program their robots to travel exactly one meter by writing programs based
on three different methods: time, revolutions, and degrees. The Advanced Procedures unit
focused on semantic and strategic programming skills needed to write programs which
navigated the robots around obstacles. Participants were introduced to pseudocode and
writing algorithms. Next, participants were presented with step-by-step instructions for
writing more advanced programs for turning. Then, participants wrote more advanced pro-
grams to have their robots follow paths. Pairs then debugged and modified a given program
to move their robots around a box. In the RoboMaze Challenge (Fegely et al., 2021), pairs
programmed their robots through a maze made from electrical tape (Fig. 1). Before placing
their robot in the maze, partners were required to write their programs based on a provided
schematic and their own calculations. The Control Structures unit focused on writing pro-
grams utilizing flow control, like if/then statements and loops. The learning activity for this

Fig. 1 Participants test programs
in a maze
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unit required pairs to program their robots to move in a zigzag motion, making a sound
at the end of the program after the required loops. In the challenge, pairs modified the
programs they had written to navigate their robots around the box by replacing superflu-
ous recursive programming with succinct loops. The Variables unit focused on integrat-
ing variables into the flow control of advanced programs. Participants were presented with
step-by-step instructions for writing programs using variables inside if/then statements.
Then, pairs wrote programs utilizing the color sensor that scanned different colors, incre-
menting a variable each time a predetermined color was detected. In the learning activity,
pairs programmed their robots to speed up when the color sensor detected blue (increas-
ing the speed variable each time), and stop the robot when the color sensor detected red.
For the final challenge, the RoboMaze Challenge utilized in the Advanced Procedures unit
was modified with the addition of red (right) and green (left) pieces of tape where the
robots needed to turn. The walls of the maze and the finish line were made of black tape,
and the robots were programmed to stop if they detected black. The criteria for the Color
Maze Challenge stipulated that every time the robots encountered a red line, they turned
right and every time they encountered a green line they turned left and incremented a vari-
able by one on the robot’s screen using a variable and the formula (x+ 1). Pairs completed
the Color Maze Challenge when they successfully navigated their robots to the finish line
of the maze using the programming concepts they learned related to procedures, control
structures, and variables.

Data sources

Complementary sources of quantitative and qualitative data were collected: Programming
Comprehension Assessment (PCA), Programming Motivation Survey (PMS), field notes,
and individual interviews.

Quantitative instruments

The participants completed the researcher-created PCA before (pre-tests) and after (post-
tests) the intervention. The PCA included 20 multiple choice questions in four subsections
of five questions. Each subsection was aligned to the four units of instruction: Basic Pro-
cedures, Advanced Procedures, Control Structures, and Variables. The questions prompted
participants to read, debug, differentiate, problem-solve, and arrange portions of programs.
Each correct answer was worth one point. The instrument was reviewed by two experts
in programming and robotics to establish face validity (Salkind, 2010). Item analysis was
conducted on the post-test to ensure the reliability. Cronbach’s alpha value was 0.847, sug-
gesting an acceptable level of internal consistency for the instrument (DeVellis, 2003).
However, if Q12 was removed, Cronbach’s alpha value for the instrument increased to
0.864. This item was thus removed for the analysis. Point Biserial correlation coefficient
was calculated to determine item-total correlation for each item (Gupta, 1960). The result
showed all the remaining question had a coefficient value higher than a minimum desired
score (0.15).

The PMS was given before and after instruction. It was designed using a combination
of intentionally and carefully selected statements from an existing valid and reliable instru-
ment in addition to researcher-designed statements. The 25-item Likert scale PMS was
adapted from the Science Motivation Questionnaire II (SMQ-II) (Glynn et al., 2011). Five
statements from the SMQ-II representing the category Grade Motivation did not fit this
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study because participants were not being graded on the intervention. These were replaced
with researcher-created statements.

The final PMS had five subscales: (1) intrinsic motivation, (2) career motivation, (3),
self-determination, (4) self-efficacy, and (5) motivation to integrate programming into
teaching (MTIPIT). The instrument was validated by three experts in programming and
education. Participants responded to items on a five-point Likert-type scale from (1)
strongly disagree to (5) strongly agree. The statements participants responded to were
straight-forward in meaning and in random order (DeVellis, 2003). The Cronbach’s alpha
for the PMS in pre- (a=0.96) and post- (x=0.94) surveys indicated a very good internal
consistency (DeVellis, 2003).

Qualitative instruments

Field notes have been described as essential for rigorous qualitative research and offer
an extra layer of detail with which to aid in the construction of thick, rich descriptions
(Creswell, 2017). Observations related to motivation and behavioral engagement (Fre-
dricks et al., 2004; Kim et al., 2015) were recorded in a composition book by the primary
researcher during the teaching of the intervention. Examples of such observations included
on-task behavior and teamwork dynamics.

Individual interviews provided descriptive qualitative data of participants’ perspec-
tives (Mertler, 2017). Purposeful sampling was used to select participants for the inter-
views (Creswell, 2017). One third of the participants (n=6) were purposefully selected for
individual interviews based on participants’ behavioral engagement recorded in the field
notes. All participant quotes are attributed with gender-neutral pseudonyms and pronouns
as to preserve the participants’ confidentiality. Two participants representing high (Sky-
ler, Tracy), medium (Marion, Kerry), and low (Casey, Jessie) behavioral engagement were
selected randomly for individual interviews to have a balanced population of interview-
ees. High behavioral engagement was exhibited as on-task behavior, deep involvement, and
active participation (Fredricks et al., 2004). To offset researchers’ subjective bias in the
selection of the participants, peer debriefing (Lincoln & Guba, 1985) was conducted with
two scholars with expertise in robotics instruction for PSTs. Each individual interview fol-
lowed a semi-structured interview protocol and lasted approximately 30 min. Each inter-
view was audio-recorded and transcribed for analysis.

Data analysis

For the quantitative data from the PCA and the PMS, participants’ responses in each of the
units or subscales were analyzed to determine the difference between the pre- and post-
tests and surveys. Shapiro-Wilk tests were used to evaluate the data’s normality. The data
were found to violate the normality assumption (p <.05) for both the PCA and PMS. Wil-
coxon signed-rank tests were used for comparing pre- and post- tests and surveys within the
units or subscales. The effect size of the change in these non-parametric data was reflected
by the correlation coefficient r (Pallant, 2007).

Inductive analysis (Mertler, 2017) was conducted to process qualitative data from the
interview transcripts and field notes. The transcripts and field notes were uploaded into
the coding tool Delve. Two cycles of coding were performed. For first cycle coding, two
rounds of open coding were used to separate the qualitative data into discrete parts to
analyze similarities and differences (Saldafia, 2016). The transcripts and field notes were

AECT @ Springer



2218 A.Fegely, H.Tang

analyzed sentence-by-sentence. Codes which summarized the experience of the participant
in the transcript or observations in the field notes were assigned to the qualitative data
(Mertler, 2017).

The second cycle consisted of two rounds of pattern coding. Pattern coding was used to
condense large amounts of data into smaller units to develop categories and then themes
(Saldafia, 2016). In this cycle, pattern coding was used to filter the first cycle codes down
into pattern codes. In a code mapping process described by Saldafia (2016), “categories of
categories” in “superordinate and subordinate arrangement” (p. 278) were created by mov-
ing around the pieces of paper for each pattern code. Pattern codes were united into catego-
ries. The categories were analyzed, and themes were revealed.

Results

The analysis and findings are divided into two parts representing the two research ques-
tions of this study.

(RQ1) what is the effect of educational robotics on PSTs’ comprehension
of programming concepts?

As demonstrated in Table 1, Wilcoxon signed-rank tests indicated that that there were sta-
tistically significant differences between pre-tests and post-tests in the total score and each

unit of the PCA. The effect sizes were large (r<—.50) for all the units and total (Pallant,
2007).

(RQ2) how and to what extent does educational robotics influence PSTs’ motivation
related to programming?

Quantitative findings

As demonstrated in Table 2, Wilcoxon signed-rank tests revealed that the overall increase
in motivation from the PMS pre-survey to post-survey as well as the increases in all

Table 1 Results of wilcoxon signed-rank tests for PCA

Pre-test Post-test
Units Mdn. SD Mdn. SD z df p r
Basic Procedures 1.00 0.73 3.50 1.47 —3.30 17 <0.001* -0.78
Advanced Procedures 1.00 0.90 3.50 1.49 —3.43 17 <0.001* -0.81
Control Structures 1.00 0.75 2.00 1.20 -3.19 17 0.001* -0.75
Variables 1.00 0.87 3.00 1.58 -2.85 17 0.004* -0.67
Total 3.50 1.32 11.50 4.86 —3.45 17 <0.001* -0.81

Control Structures included four items and the other three units had five questions. The total was out of 19
k3
'p<.05.
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subscales were significant. The effect sizes were large (r<—.50) for all the subscales and
total (Pallant, 2007).

Qualitative findings

Theme 1: participants perceived that a problem-based robotics curriculum improved
their intrinsic motivation toward programming Interviewees described their intrinsic
motivation (Table 3) through characterizations of the robotics activities by referring to them
as being “fun,” “cool,” or “interesting”. Jessie explained, “I’ve taken technology classes
before and if we did something like this it would have been like 10 times cooler.” Tracy
added, “Honestly, I think the whole experience is really fun and just being able to move
the... program things so you could move a robot. I think that’s a really cool thing to do.”

Half the interviewees (one from each behavioral engagement group) commented that
an element they found interesting was the ability of the programming and robotics to take
abstract concepts and make them concrete for learning. All interviewees articulated that
the authentic activity and challenge elements of the curriculum were intrinsically motivat-
ing, especially the problems that utilized mazes.

Theme 2: participants agreed that teachers with programming skills had advantages
in their professions This theme describes participants’ agreement that knowing program-
ming as a skill had advantages for them professionally as teachers. Interviewees described
their career motivation through references to the personal career and teaching advantages of
learning programming. Two categories subsumed this theme (Table 4).

Interviewees expressed their perceptions of the value of learning programming in terms
of obtaining more advantages on the job market in two aspects: (a) being more marketable

Table 3 Theme 1 categories Category Example evidence

Representing abstract concepts ~ Skyler: “It’s like a physical way,
in concrete form fostered it shows them like visual, like
interests they’1l be able to see like you do
this you add this and the robot
does something.”
Casey: “I liked when there was
a maze and we had to make an
equation to figure it out because I
think it’s interesting how it trans-
lates from like a math equation to
like actually like seeing it happen
in front of your eyes.”
Problem solving using program- Marion: “I think the most enjoyable
ming improved motivation part was we had to do the maze.”
Kerry: “Probably when we learned
to get them to talk... I think it
added more of a sense of like
depth to it, maybe? Not just in
moving around, like they were
like moving and talking and it
was like really interesting to see
like a box do that really.”
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Table 4 Theme 2 categories

Category Example evidence

Job seeking advantages for PSTs Marion: “Especially with how
society is going with more tech-
nology, so it’ll be a plus for you
to have that special for employers
that you have that [sic.], so I
think it’s a plus.”

Jessie: “You walk into a job inter-
view, and you tell them I don’t
even need training like I know
how to do this I think it goes a
long way.”

Expanded PSTs’ teaching skillsets Casey: “I think it would be like
beneficial just like the parallelo-
gram blocks and stuff, like kids
play with that they don’t even
realize that they’re learning.”

Skyler: “I think it’s a way to like
get them [students] to learn with-
out realizing that they’re learning
something ‘cause they’re just like
oh cool it’s robots like they’re
not really thinking about the fact
that they are learning something
through using them.”

in interviews, and (b) creating more opportunities for themselves for positions outside their
licensure area. Overall, half the interviewees viewed learning programming as a skill that
would be valuable in obtaining employment. While some interviewees noted that program-
ming was a skill that would impress employers, others noted that learning programming
might provide more options on the job market for positions different from their licensure
area. Four interviewees expressed that learning programming through robotics would help
them expand their teaching skillsets to benefit their future students. Participants perceived
that programming offered new teaching strategies and would allow them to enhance their
lesson plans to grab students’ attention, engage them, and have students learn through play.

Theme 3: participants experienced self-determination towards programming
in the face of robotics challenges In individual interviews, most participants cited using
personalized problem-solving techniques and collaborative problem-solving strategies to
solve problems. Field note entries highlighted participants’ preference for autonomy in their
problem-solving solutions. The following section outlines the categories subsumed in sup-
port of this theme (Table 5).

Participants described that the open-ended nature of robotics activities and chal-
lenges fostered the autonomy to try their own unique options to solve problems. Marion
highlights that there was not one correct answer to programming the robot through the
maze. Participants had the freedom of decision-making and the autonomy to choose
their own programming method and path through the maze. Skyler affirms that they
felt they had the independence and autonomy to figure their “own way” to navigate the
maze. The field notes also revealed that participants asked if they had to solve a problem
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Table 5 Theme 3 categories

Category Example evidence

Autonomy in trying different Marion: “I guess you could use the
programming options to solve same but different program but
problems like I guess use different ways to

get to the same result.”

Skyler: “We didn’t really know that
much about programming yet and
we had to kind of like figure out
our own way to like get through

the maze.”
Actively implementing col- Skyler: “I just worked with my
laborative problem-solving partner and like used her insight
strategies and used my insight together...I

guess I will lean on the people
that [I] worked with and ask them
questions.”

Jessie: “We all had somebody or
some people either next to us
doing it with us and like if you
didn’t know how to do something
like maybe your partner did...but
there was always somebody in
the class.”

in a particular way (using rotations, degrees, or seconds) or if they could choose their
own programming method to solve the problem. The participants were excited that they
could use their own preferred method. All interviewees commented that actively imple-
menting collaborative problem-solving (CPS) strategies contributed toward learning the
programming concepts. They agreed that grouping participants into partners provided
a strong collaboration aid. Interviewees also noted they sought help from peers outside
of their immediate partner when they were unsure. For example, Jessie described how
they picked out peers in other pairs who had completed the activities and challenges to
help him. In addition, the field notes affirmed participants’ interview descriptions. For
example, during the Control Structures unit, one note mentioned “some groups finished
quickly while others struggled to keep their robot in a straight line. Groups [are] helping
each other.”

Theme 4: participants perceived that the gradually increasing level of difficulty
in the robotics curriculum improved their self-efficacy about programming from ini-
tially low levels. All interviewees described low initial levels of self-efficacy “like a blank
slate” (Kerry noted in the interview) due to their perceived low comprehension of program-
ming concepts. Then most participants described that the gradually increasing level of dif-
ficulty of the robotics curriculum increased their self-efficacy related to programming. The
following section will outline the categories subsumed (Table 6).

All interviewees perceived their initial level of programming comprehension as nonex-
istent and felt a considerable increase in their programming expertise after the intervention.
Five interviewees attributed the gradually increasing level of difficulty of the robotics cur-
riculum as being helpful, especially the introductory concepts. Successes with these basic
concepts developed participants’ confidence gradually, and the basics that they learned
helped them have success with more difficult problems.
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Table 6 Theme 4 categories

Category Example evidence

Overcoming initially low self-efficacy Jessie: “At the beginning, I didn’t
really know what to expect. I
don’t really know but I remember
we took the pre-test and like I
see all these codes and stuff, and
like I even sent the picture to my
mom and I was like, ‘do you have
any idea how to do this?” And
she’s like, ‘what are you talking
about?” And I was like I wasn’t
really sure what to expect.”

Skyler: “Oh, it [self-efficacy] was
definitely at a zero before.”

Developing confidence about programming gradually Kerry: Probably the first couple
[lessons helped build confi-
dence]...You're really helping
conceptually building the founda-
tions of like the other stuff that
we learned.

Casey: “I feel like they [instruc-
tional units] all were valuable
[in building confidence] because
they all like built onto each other,
and then I feel like each time you
did it like you could apply stuff
from the last time.”

Theme 5: participants perceived programming as a viable fit in their future class-
rooms This theme describes participants’ perceptions of how programming could be
applied into their pedagogy. Two categories subsumed this theme (Table 7).

Five interviewees intended to integrate programming into teaching, as evidenced by
each of their responses to interview question #9: “Where do you position yourself in
the continuum of adding or not adding programming activities to your classes? Why?”.
Their intentions ranged from reserved responses in which participants affirmed inten-
tions to integrate programming but needed to learn more about programming aforehand
(Casey, Jessie), to more decisive intentions. For example, Tracy starkly stated in their
interview, “I want to add it.” The first-hand experience with programming factored into
interviewees’ intentions. For example, “I think it’s more valuable now and I understand
like why it helps students like learning like through math and stuff,” explained Casey.
Interviewees had multiple ideas for integrating programming into their future instruc-
tion, including singular subject and cross-curricular connections. Casey explained they
would use programming to teach students the different parts of math equations. Kerry
explained that they would input numbers to a program to have a robot demonstrate dif-
ferent lengths for their elementary students to help illustrate math problems. Out of
five integration ideas, four interviewees shared strategies for integrating programming
with math, with the programming of robots to represent abstract math concepts as a
commonality.
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Table 7 Theme 5 categories

Category Example evidence
Developing intentions to inte- Skyler: “When you first proposed
grate programming the idea that we would be using

programming...I didn’t really
think that it would be useful at
all, like I didn’t really understand
how I can possibly even use it in
teaching and how it had anything
to do with teaching, but obviously
going through it I realized like it
is very useful so it’s kind of done
a complete 180 to be honest.”
Kerry: “I could really see myself
adding this to my lesson plans...I
don’t know exactly how it
would fit in, but I know I could
definitely like find a way once I
get their curriculum. Like I would
love to find a way.”

Actively devising strategies to Skyler: “I want to teach second or
integrate programming third grade probably, and I feel
like there’s a lot of different ways
I could incorporate it. Probably
with math even like using the
algorithms.” (singular subject)
Marion: “You could do like longi-
tude and latitude...voyages of dif-
ferent explorers...I guess I can go
back to the example with um...
about colonialization in America.
We can talk about...the different
British ships that came over and
we could talk about...how long
they took to travel and as far as
like mileage and then we can do
like a fun activity with program-
ming.” (cross-curricular)

Integrating quantitative and qualitative findings

The qualitative data and findings were used to emphasize and detail the quantitative findings.
The integrated quantitative and qualitative findings (Table 8) of this study indicate that PSTs’
motivation related to programming can be improved significantly through robotics’ influences
on (1) intrinsic motivation, (2) career motivation, (3) self-determination, (4) self-efficacy, and
(5) motivation to integrate programming into teaching. Integrated findings will be examined in
the Discussion.
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Discussion

(RQ1) what is the effect of educational robotics on PSTs’ comprehension
of programming concepts?

The findings of this study strongly indicate that robotics can be used to significantly
improve PSTs’ comprehension of programming concepts related to (1) basic procedures,
(2) advanced procedures, (3) control structures, and (4) variables. These findings echo
prior findings (Jaipal-Jamani & Angeli, 2017; Sullivan & Moriarty, 2009) on how robotics
improve teachers’ comprehension of programming concepts. Participants entered the study
with low levels of programming comprehension, and after the intervention, the partici-
pants’ scores increased significantly. It is worth noting that two participants’ scores stayed
the same and another one had a lower score on the post-test. Although possible that these
participants did not learn anything over the four weeks of the intervention’s instruction,
these low scores might also be attributed to factors like assessment apathy (Thompson,
2008). While no participants achieved a perfect score on the PCA, five of the 18 partici-
pants scored 80% or higher on the post-test. Altogether, these findings suggest that PSTs’
comprehension of programming concepts can be improved through educational robotics.
The nearly unanimous positive results in this study confirm previous studies’ findings
(Jaipal-Jamani & Angeli, 2017; Sullivan & Moriarty, 2009) on the comprehension of pro-
gramming concepts. Jaipal-Jamani and Angeli (2017) found that their population of ele-
mentary PSTs had statistically significant differences in programming knowledge between
pre- and post- tests as the result of an educational robotics intervention. This study’s results
also confirm research by Sullivan & Moriarty (2009), which indicated that in-service
teachers’ understanding of programming increased from the no proficiency and low profi-
ciency levels to the moderate and strong proficiency levels after robotics workshops.

Basic procedures

The increase in comprehension of basic procedures might be explained best by Ala-Mutka
(2004) who suggested that “visualizing the basic programming structures” can be benefi-
cial for novices in building their comprehension of programming (p. 6). The educational
robots’ actions allowed participants to visualize basic programming concepts through con-
structivist mental processes. Despite research by Kim et al. (2018), which noted that “par-
ticipants omitted commands that were necessary for the robot to perform as planned” (p.
772) when PSTs used robots to learn programming, the results of this study were different.
This difference might stem from Kim et al. (2018) using a different block-based program-
ming language than the one used by PSTs in this study to demonstrate comprehension of
the syntactic aspects of programming. Another possibility is that the robotics activities and
challenges in this study improved the proficiency of participants in basic programming pro-
cedures beyond the level of comprehension of participants in the Kim et al. (2018) study.
Kim et al. (2018) also noted that debugging was difficult for PSTs as an overarch-
ing finding of their study. PSTs in this study also struggled to identify program errors in
debugging questions. Kim et al. (2018) theorized that it is difficult for even those who are
advanced programmers to debug a program as “it requires mindful, persistent engagement”
(p- 769). Similarly, Falloon (2016) has noted that debugging can be a complicated process
because it necessitates perseverance and a systemic approach, which is often discounted
by students who adopt random, unsystematic, hasty approaches. There is little relevant
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research on debugging in block-based programming languages (Kim et al., 2018); there-
fore, it is the researchers’ supposition that participants may have struggled because they did
not adopt disciplined, systematic debugging approaches.

The findings of this study run counter to those of Kim et al. (2018) as the PSTs in this
study did not struggle with basic programming concepts and PSTs increased their compre-
hension of basic programming procedures significantly from the pre- to post-test. Existing
literature (Falloon, 2016; Kim et al., 2018) in combination with this study’s results suggest
that while educational robotics can be used to increase PSTs’ comprehension of basic pro-
cedures in programming, debugging remains a difficult skillset for this population.

Advanced procedures

Participants’ scores showed the greatest average increase on this unit. The findings on the
Advanced Procedures unit echo those by Kay et al., (2014) in which ISTs’ and PSTs’ cor-
rect answers on the movement programming question of their content knowledge assess-
ment that conceptually aligned to this study’s Advanced Procedures unit increased from
40 to 100% after three days of robotics workshops. These data might suggest that partici-
pants were comfortable with combining syntactic and semantic skills to solve problems
because the Advanced Procedures unit exercised the skills participants needed to solve
these questions through mazes. In the individual interviews, the RoboMaze Challenge from
the Advanced Procedures unit of instruction was the most-noted fun and enjoyable curricu-
lum element. The researchers’ supposition is that the highly enjoyed RoboMaze Challenge
contributed toward the highest comprehension improvement since it motivated participants
to learn the Advanced Programming unit concepts.

Control structures

Participants’ scores increased significantly on the Control Structures unit which indicated
that educational robotics had a positive effect on PSTs’ comprehension of programming
concepts. However, this increase was the second lowest of all units. Supporting the quanti-
tative data, the interviewees commented that the Control Structures concepts were difficult
and needed more time dedicated to them in the instruction. This research corroborated Kim
et al.’s (2018) findings which indicated that PSTs often struggled with “improperly defined
conditionals” (p. 772). This study’s findings indicated that PSTs specifically struggled
with problems that utilized multiple loops. Evaluating scores across this unit, participants
excelled with problems featuring a single loop but struggled with tracing multiple loops in
an algorithm. Kim et al. (2018) explained that PSTs incorrectly designed their programs,
“omitting loop or other commands that had to be included to complete the program” (p.
772). This study’s findings build on those findings by indicating that PSTs had trouble with
multiple loops in particular, which suggests that PSTs’ struggles may increase as more
loops are added to a problem.

Variables

The increase in variable comprehension by participants in this study may be best explained
by the visualization and concrete modeling of programming through the actions of the
robots. According to Ala-Mutka (2004) recursion, or the use of loops with variables to
complete smaller tasks that reiterate to complete a larger task, is a programming concept
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which can be taught through visualizations “on [a] high level” (p. 8). The Variables unit
of instruction included the most advanced programming concepts of the intervention, and
correspondingly it had lower pre- and post-test unit scores. While scores increased sig-
nificantly, these data suggest that participants did not have as deep of a comprehension of
variables as other programming concepts. This study confirms Kim et al.’s (2018) findings
that PSTs commonly demonstrate errors in defining values of variables while programming
robots and Govender and Grayson’s (2008) non-robotics findings that ISTs and PSTs found
the concept of variables confusing. Interviewees mentioned that the concept of variables
was difficult for them. Overall, these findings suggest that educational robotics can be used
to increase PSTs’ comprehension of variables but to a lesser extent than other programming
concepts due to the difficulty in obtaining a high-level understanding of relevant concepts.

(RQ2) how and to what extent does educational robotics influence PSTs’ motivation
related to programming?

Quantitative findings of this study indicate that robotics positively influences PSTs” moti-
vation related to programming. Qualitative themes further explain how robotics influence
PSTs” motivation related to programming. The following paragraphs discuss explanations
for why participants’ motivation related to programming increased by comparing the quali-
tative themes with quantitative survey findings.

Intrinsic motivation

This study extends previous findings by pinpointing high intrinsic motivation gains by par-
ticipants in the areas of interest and enjoyment. While the results of this study are consist-
ent with previous research (Kim et al., 2015; Kucuk & Sisman, 2018) that PSTs perceived
robotics to be intrinsically motivating while learning to program, Theme 1 explained that
participants experienced increased interest and enjoyment due to the problems they solved.
In particular, the challenges that utilized mazes were noted in the interviews to be motivat-
ing to participants. It can be logically inferred that challenges that prompted participants to
write programs to navigate the robots through the mazes increased participants’ intrinsic
motivation. This study’s combined findings paralleled those of Kucuk and Sisman (2018),
who found that PSTs considered educational robotics activities and learning by doing to
be fun. Authentic problems afford learners opportunities to solve content-specific prob-
lems through real-life scenarios (Kopcha et al., 2017). Robotics can be used to demon-
strate physical representations of abstract concepts, such as equations (Han, 2013). Theme
1 also explained that participants were interested in the representation of abstract concepts
in concrete form through the robotics curriculum, which boosted their intrinsic motiva-
tion levels. This finding is supported by Bayman and Mayer’s (1983) study that suggested
novice programmers should be given concrete models of programs to build their mental
models. Because constructivism centers on the building of abstract knowledge structures
in one’s mind through concrete experiences (Bruner, 1996; Piaget, 1973), participants were
intrinsically motivated by constructivist processes of representing abstract concepts in con-
crete form via robotics. This study’s findings support those of Kim et al. (2015, 2018) and
Kucuk and Sisman (2018) while also extending their findings by pinpointing high intrinsic
motivation gains by participants in the areas of interest and enjoyment when programming
robots to solve authentic problems.
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Career motivation

The findings of this study echo those of Kim et al. (2015) and also provide new insights
to the literature because participants’ highest combined pre- and post- survey motivation
levels were in the Career Motivation subscale. In Theme 2, participants voiced perspec-
tives that schools and the economy were moving toward technology-rich futures. The large
increase for this subscale could be attributed to the intervention’s use of lectures about new
state standards for K-8 CS and videos showcasing how teachers are implementing CS into
instruction. While high pre-survey career motivation indicated that participants were cog-
nizant of the economy’s trajectory before they participated in the intervention, they may
not have been informed about the relevance and imminence of CS standards for their tar-
geted grade level. This indicates that PSTs may already be motivated to learn programming
concepts as a way to be more desirable in the job market and more qualified in their profes-
sional practice, and this high career motivation level can be even further increased through
educational robotics activities. These findings also add to the literature by noting PSTs’
perspectives that learning how to program would provide them with career advantages.

Self-determination

Participants demonstrated the largest increase to their motivation in the subscale of Self-
Determination. Because self-determination can be improved through confidence-building
(Ryan & Deci, 2020), the participants’ building of competence via gradually increasingly
difficult content likely contributed to their large self-determination increase. The compe-
tence of participants may have been most directly impacted by the achievement of complet-
ing the different activities and challenges in the intervention.

Kim et al. (2015) found that PSTs put in more effort when they encountered difficul-
ties while programming robots. According to Kim et al. (2015), one of the methods the
PSTs used to solve problems was “seeking help from peers” by “exchanging ideas, ques-
tioning, and answering questions in collaborative small groups” (p. 26). Qualitative data
from Theme 3 indicated that participants used multiple different CPS strategies (Roschelle
& Teasley, 1994) when they encountered difficulty. This study’s combined quantitative
and qualitative findings of effort and CPS strategies between groups confirm Kim et al.’s
(2015) findings that PSTs using robots put in extra effort to solve problems through col-
laboration. Combined quantitative and qualitative evidence suggests that collaborative edu-
cational robotics activities can be used to significantly increase PSTs’ self-determination
related to programming.

Self-efficacy

Evidence from Theme 4 supported the participants’ increased quantitative self-efficacy.
This finding parallels the literature. For example, research by Jaipal-Jamani and Angeli
(2017) indicated that robotics could improve PSTs’ self-efficacy pertaining to program-
ming. Further, Kay et al.’s (2014) findings centered on confidence and found that ISTs’
self-efficacy related to learning and teaching programming improved with robotics.
Research by Rogerson and Scott (2010) explained that students often exhibit apprehension
and fear related to programming, which in turn can cause negative perceptions of program-
ming. Participants’ initial lack of confidence in learning programming could be attributed
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to what Rogerson and Scott (2010) described as “the nature of programming that gives rise
to [negative] feelings” (p. 147). Once participants experienced programming through the
robots, their fears were diminished, and their confidence improved. Most qualitative data
that demonstrated participants’ increased confidence came from their explanations of their
improved programming comprehension. As described in Theme 4, participants used words
such as “zero” or a “blank slate” to define their initial programming comprehension and
self-efficacy.

Motivation to integrate programming into teaching

This study’s findings add depth to the literature while supporting prior findings (Jaipal-
Jamani & Angeli, 2017; Kaya et al., 2015; Sisman & Kucuk, 2019). While this study’s
findings suggested that participants enjoyed the idea of teaching programming to students
and mentioned improved confidence that they can teach the topic, quantitative and qualita-
tive data indicated that their motivation is tempered by uncertainty of programming’s fit
within their curriculum. Nearly all participants interviewed explained that they wanted to
integrate programming into their future teaching. Theme 5 showed that PSTs” MTIPIT can
be improved through robotics from a level of disinterest to where they are motivated and
have devised strategies to integrate programming into future instruction. This study offers
new insights into the extent to which PSTs can be motivated to integrate programming into
their instruction.

Conclusion
Practical implications

This research provides significant practical implications for PSTEs on delivering instruc-
tion and encouraging motivation to learn programming.

Based on the results of this study, PSTEs should carefully sequence concepts when
designing programming instruction, dedicating focused instructional time to the concepts
of debugging, multiple loops, and variables. For example, PSTEs can gradually increase
the difficulty of programming concepts within their units. The programming concepts at
the start of instruction should focus on foundational syntactic and semantic concepts that
can be utilized and built upon in later units (Bucks, 2010; Soloway & Ehrlich, 1984). PSTs
should then be afforded time to apply these programming concepts through activities and
challenges which test their problem-solving skills. Strategic programming concepts should
next be introduced to students (McGill & Volet, 1997). As indicated in this study’s find-
ings, added emphasis should be placed on debugging, utilizing multiple loops, and vari-
ables in programs, concepts PSTs struggled with in this study.

As introduced above, PSTEs can embed authentic problem-solving activities and chal-
lenges in programming instruction, especially in the form of writing programs to navigate
robots through mazes. Adding authentic problems can be used to increase PSTs’ compre-
hension of advanced programming concepts and intrinsic motivation. As outlined in the
findings of this study, unique mazes can be used as an intrinsically motivating way to scale
the difficulty of the problems that PSTs are given at each stage of the instruction.

PSTEs can provide PSTs collaborative problem-solving opportunities while program-
ming. Based on the findings of this study, PSTEs may consider harnessing the power of

@ Springer ACECT



Learning programming through robots: the effects of educational... 2231

group interaction to support self-determination by creating special challenges where mul-
tiple groups must work together to program their robots to interact to achieve a specific
task (e.g., passing a baton between robots in a race or one robot pushing a button to allow
another robot to advance in a maze). Then, groups working in collaboration could share
ideas and help each other, further promoting group to group collaboration and support of
building of self-determination.

Finally, PSTEs should explain contemporary trends in CS education and provide spe-
cific integration strategies for the different subjects. The results of this study indicate that
PST motivation can be significantly improved when they are informed about current expec-
tations for CS standards relative to their future grade level and subject area. While motiva-
tion to learn how to program may increase due to the immediacy and potential impact on
their careers, results indicate that PSTs may struggle with identifying exactly how they
would implement programming within their instruction. Therefore, pre-made lesson plans
and resources for the different subject areas (e.g., English, social studies) should be pro-
vided in order to guide PSTs’ effective integration of programming and ease any hesitancy
they may have.

Limitations and future research

Several limitations of this study can be addressed. (1) A lack of control and experimental
groups in this study does limit its generalizability. The ethical notion that all participants
must receive the same benefits (Creswell, 2017) limits the research design in this context.
(2) The novelty effect of new technologies is a limitation for a short-term intervention
(Hanus & Fox, 2015). (3) The sample was limited by the course cap of the class. This pop-
ulation is small and largely homogenous. Therefore, results of this study cannot accurately
be generalized to the larger population.

Future research may consider experimental studies to validate the findings and provide
generalizable insights. Also, future research could use an updated robotics curriculum with
a longer duration and refined design. Further, an investigation into the lasting effects of the
intervention on PSTs’ long-term memory and motivation is needed to confirm whether the
positive effect can be retained. Finally, investigation into how to help PSTs identify effec-
tive strategies for integrating programming concepts into their grade and subject area (e.g.,
linking to standards, aligning concepts) within their methods courses is an area for future
research.
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