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Abstract. This study investigates the development of computational thinking skills and 
knowledge in pre-service teachers after they were exposed to an educational technology 
course that incorporated engagement with visual-based programming Quantitative data 
were collected through pre-post surveys on pre-service teachers attitudes and 
understanding of computational thinking Qualitative data were collected through course 
artifacts such as pre-service teachers' reflections and lesson plans Results revealed that 
the majority of the participants successfully integrated programming into suitable content 
areas Yet, they struggled to indicate supported computational thinking concepts and 
practices in their proposed lesson plans This research has implications for designing 
educational technology  courses that focus on computational thinking skills among pre-
service teachers for the purpose of enhancing critical thinking and problem-solving skills 
in future K-8 learners. 

 
 
Introduction 
 
Recent policy efforts such as Computer Science for All emphasize the importance of helping all students acquire 
concepts and skills from computer science (CS). These expectations have frequently been described under the term 
computational thinking (CT) (Wing, 2006). Broadly speaking, CT is a problem solving methodology that can be 
implemented with a computer and can be automated, transferred and applied across subjects (Barr & Stephenson, 
2011). Wing (2006) suggested that CT is a fundamental skill of analytical thinking for everyone, not just for 
computer scientists. Indeed, the newly released National Educational Technology Standards for Students from the 
International Society for Technology in Education (ISTE) include CT as a key construct.  

 



	  

Despite the attention and promise of CS education, teacher preparedness is a major barrier to ensuring that 
every student acquires CT knowledge and skills (Code.org, 2017). Specifically, few teachers at the elementary and 
middle school level have the knowledge and skills to embed CT in existing school curricula (Barr & Stephenson, 
2011). Thus, a critical step for successfully infusing CT into elementary and middle school classrooms is to help 
pre-service teachers build their understanding of CT and its relationship to their curricular context (Yadav, Hong, & 
Stephenson, 2016). One way to accomplish this goal is to update existing pre-service educational technology courses 
for teacher preparation to include modern computer science content (Code.org, 2017).  

 

In this work we present the re-design and impact of an educational technology course for pre-service 
teachers specific to incorporating computational thinking (CT) in K-8 settings. We pay particular attention to 
programming, an aspect of CT that is challenging for pre-service teachers (Mouza, Yang, Pan, Yilmaz Ozden, & 
Pollock, 2017). Relatedly, we explore two research questions: (1) How does participation in an educational 
technology course that focuses on the integration of CT in curricular content influence pre-service teachers' 
knowledge, skills, and attitude towards the application of CT in teaching? and (2) What are pre-service teachers 
perceptions of programming and its application in their own curricular context?  

 
Research Context 
 

This study was conducted in the context of a four-year undergraduate teacher education program in the 
U.S. Graduates of the program are eligible for both elementary (K-5) and middle school (6-8) teacher certification. 
The program curriculum is divided in three areas: (a) the general studies courses which help develop subject matter 
knowledge; (b) the professional studies courses (e.g., methods) which prepare pre-service teachers for their future 
classroom; and (c) the concentration courses which help develop expertise in a middle school content area.  
Additionally, the program curriculum is designed to provide pre-service teachers with a range of field experiences in 
a variety of classroom settings.  These experiences culminate with student teaching.   

 
Course Description 
 

Integrating Technology in Education is a 15-week course required for all pre-service teachers during their 
junior or senior year. This course introduces participants to technologies available for use in classroom content 
areas, pedagogical considerations with these technologies, and teaching and learning practices that combine these 
technologies with content and pedagogy.  The specific technologies utilized in the course periodically change, but 
typically include tools that support communication, content representation, collaboration and professional planning.  
Concurrent with the course, pre-service teachers complete methods courses and accompanied field experience for 
three full weeks within a classroom setting. The field experience allows the opportunity to engage in the design and 
application of authentic classroom materials that embed technologies in the context of content-area instruction. For 
the purpose of this work, we have re-designed the course to support the development of CT skills among pre-service 
teachers.  Specifically, we have targeted the use of “CT language” and “CT practices” across course activities as a 
way of modeling how CT could be integrated across content areas and with a variety of technologies.  Table 1 
illustrates the alignment of CT with technologies and activities typically utilized in educational technology 
coursework for pre-service teachers. The unit on programming (see Table 1), served as the foundation of this work.   
 
Table 1. Description of the Educational Technology Course 
 
Technology Activity CT Supported 

Skills 
Interactive Whiteboards Identify two interactive whiteboard resources that support key CT 

skills: Modeling (e.g., a resource that can be used to represent a 
phenomenon such as prey and predator relationship); Sequencing 
(a resource that could be used to sequence events); Data (e.g., a 
resource that could be used to represent data such as a graph); and 
Sorting (e.g., a resource that could be used to organize 
information) 
 

Modeling 
Abstraction 
Algorithmic 

Thinking 
(Sequencing) 

Data & Sorting 



	  

Programming 
Hour of Code Scratch 

CS unplugged activity (activity done without computers to 
introduce the concept of algorithms and programming):  
Hour of Code: Completion of a Grades 2-8 activity 
Introduction to Scratch Programming: Scratch is an object 
oriented programming language that makes it easy to create 
computational products.  
Review lessons that support the use of Scratch: ScratchED  
Design of a learning activity in a content area that involves 
Scratch Programming/Reflection 

Algorithmic 
Thinking 
Problem 

Decomposition 
Modeling 

Abstraction 

Concept Mapping Tools Design of a learning activity that uses concept mapping in a 
content area to solve a problem, model abstraction (e.g., life cycle 
of a butterfly), or plan essay execution. 

Problem 
Decomposition 

Algorithmic 
Thinking 
Modeling 

Abstraction 
Data Introduction to Internet Research including use of keywords and 

operators 
Evaluation of Online Content 

Problem 
Decomposition 

Modeling 
Abstraction 

Web 2.0 tools Select and read an article on multiple approaches to developing 
CT: board games, robotics, programming.  
Use of a Web 2.0 tools to present the reading to classmates.  

Problem 
Decomposition 

Algorithmic 
Thinking 
Modeling 

Abstraction 
 
The unit on programming lasted three weeks and targeted interaction with the Hour of Code (the most 

popular block-based programming environment) and Scratch, a cloud-based visual programming language. The aim 
was to promote student engagement and knowledge in computing tools and practices across multiple content areas 
and pedagogies. Hour of Code, presents a series of activities on block-based coding in the form of games and 
puzzles of increasing difficulty. These activities are designed for the K-5 curriculum. The culminating activity in 
each unit deals with creating a game or story using all or any of the commands learned and a set of characters 
encountered in earlier puzzles. In this progression, learners gain experience with simple coding commands while 
figuring out solutions to puzzles. At the end, users are encouraged to engage in creative expression by creating 
authentic puzzles, games, and stories that can be solved using computational tools (Lee, Martin, & Apone, 2014). 
Each unit can be completed within one hour, which justifies the name of the environment. 

 
Scratch has quickly gained prominence as one of the most effective tools for fostering CT. Scratch is a 

programming language developed by the MIT Media Lab that uses a syntax-free, drag and drop interface with 
sophisticated graphical elements to create programs that provide instantaneous feedback to the student in the form of 
animated sprites. Hence, Scratch provides a programming experience suitable for young learners that is less 
cognitively taxing with an immediate visual feedback system. Scratch also has a large user community with shared 
projects that can be repurposed and redistributed alongside publicly available, crowd-sourced resources. Students 
experience less cognitive load in a simple programming language like Scratch where complicated syntax 
synonymous with conventional languages such as Swift, Java, and C++ are removed from the equation and the 
programmer's focus lies on creative expression, logical arrangement of the code as well as the outcome. Scracth can 
be utilized in a variety of classroom content areas such as math, science, language arts, social studies and so on. 
 
 
 
 
 
 



	  

Methods 
 
Participants 

Participants included 65 pre-service teachers (N=65) enrolled in two sections of the course during one-
semester.  All were females and all were traditional undergraduate students in their early 20s.   

 
Data Sources 

Both quantitative and qualitative data were collected.  Quantitative data focusing on participants’ attitudes 
toward computing and their understanding of CT were collected through a pre-and post-survey. All participants 
(N=65) completed the survey electronically during the first and last day of the course. The survey has been 
developed and tested by Yadav et al. (2014) and was slightly adapted for our sample. The survey used two open-
ended questions: What do you think the term computational thinking mean? and How can technologies be used to 
support the development of students’ CT skills?. It also used 25 Likert-type items to assess student understanding 
and attitudes in six categories: definition (e.g., CT is understanding how computers work), comfort (e.g., I can learn 
to understand CT concepts), interest (e.g., I think CS is interesting), use in the classroom (e.g., CT can be integrated 
in the classroom), career/future use (e.g., I expect that learning computing skills will help me to achieve my career 
goals), and knowledge and beliefs (e.g., I can use existing lesson plans that take advantage of CT tools and 
approaches in my classroom).  

 
Although the survey instrument was found to be reliable by earlier studies, we also assessed the reliability 

for our sample. The Cronbach alpha of a scale should be greater than 0.70 for items to be used together as a scale 
(Nunnally, 1978). Results of our analyses of Likert-scale responses revealed that the instrument as a whole achieved 
alpha levels exceeding 0.70 indicating that the survey was reliable.  

 
To examine pre-service teachers’ understanding and use of CT in the classroom we also collected 

qualitative data from a random sample of 18 participants (N=18), including reflections on pre-service teachers’ 
experiences with Hour of Code and lesson plans incorporating programming. Specifically, pre-service teachers 
engaged with the Hour of Code programming environment by following given instructions and interacting with any 
one of the available courses and materials. They then provided open-ended responses reflecting on their experiences 
following given prompts. These prompts focused on attitudes toward the Hour of Code (e.g., What did you like/did 
not like about the Code.org course you completed?) and justified recommendations for improvement (e.g., What, if 
any, suggestions do you have for improving the Code.org course and what is your rationale?). 

 
In addition to the Hour of Code reflections, pre-service teachers developed lesson plans that incorporated 

Scratch programming within a curricular content area. To accomplish this goal, they first examined user-created 
projects available on the Scratch community that fit their curricular goals. Subsequently, they explored lesson plans 
through the ScratchEd community, an online publicly available forum where educators exchange resources, pose 
questions and share experiences in order to broaden the integration of Scratch into core curricular contexts. Finally, 
they developed their own lesson plans by following a series of prompts including (a) planning  (e.g., Consider the 
pedagogical decisions you’ll need to make to develop this lesson idea. How you will introduce Scratch to your 
students? What ways will you assess their knowledge of the concept?) and (2) reflection (e.g., How Programming 
could be used to help your students achieve the learning goal? How will the lesson support the development of 
students’ CT skills? What was your experience with Scratch?) 

 
Data Analysis 
 

Survey data were analyzed using both quantitative and qualitative methodologies.  Quantitative analyses 
included descriptive statistics, t-tests and reliability analyses.  Likert-scale items were initially scored and 
subsequently exported into SPSS where means and standard deviations were calculated for each CT construct and 
for the instrument as a whole.  To test for the significance of the gain score (post measure-pre measure), a repeated 
measures t-test was conducted on each of the scales. 

 
Open-ended responses were analyzed qualitative using the constant comparative method (Miles & 

Huberman, 1994). This approach helped identify common themes that cut across participants’ open-ended 
responses.   
 



	  

Findings 
 
Attitudes toward CT 

Scores on each of the scales associated with each CT construct and the instrument as a whole were 
computed for each participant at the beginning/end of the course. To test for the significance of the gain score, a 
repeated measures t-test was conducted on each of the scales (see Table 2). Results indicated significant gains (p < 
0.05) on the instrument as a whole, but no in all scales. For instance, interest and perceived career usefulness did 
not demonstrate improvements. Positive results were noted for definition, comfort, use in the classroom, and 
knowledge/beliefs. Effect sizes ranged from small (comfort) to medium (classroom) to large (definition and 
knowledge and beliefs). 
 
Table 2. Results from CT Knowledge and Attitude Pre/Post Dependent (paired) t-test  
 

Constructs Number 
of Items 

Mean for 
Pre Survey 

Mean for 
Post Survey 

Mean 
Difference 

SD t df p 
Significance 

(Two-
Tailed) 

Effect 
Size 
(d) 

Definition 4 2.80 3.05 0.25 0.41 4.98 64 .000** 

0.74 

Comfort 6 3.18 3.25 0.07 0.42 1.43 64 .158 
0.20 

Interest 4 2.63 2.63 0.00 0.53 0.06 64 .953 
0.00 

Classroom 2 3.18 3.37 0.19 0.56 2.75 64 .008** 

0.48 

Career 5 3.18 3.17 -0.01 0.50 -0.15 64 .881 
-0.02 

Knowledge 
and Belief 

5 3.04 3.38 0.34 0.49 5.56 64 .000** 

0.82 

Total 26 3.01 3.14 0.13 0.29 3.69 64  .000** 

0.65 

 
*p<.05. **p<.01 and Effect size < 0.3 is small, 0.3–0.5 is medium, and >0.5 is large (Cohen, 1988). 
(N=65; Strongly Agree=4, Agree=3, Disagree=2, Strongly Disagree=1) 
 
 
Representation of CT in Participants’ Reflection of Hour of Code 
	  

Examination of open-ended reflections on Hour of Code indicated several computational concepts and 
practices that support the development of CT skills and knowledge such as (a) moving the zombie in a logical 
sequence to reach the sunflower (algorithmic thinking); (b) running two sets of coding components simultaneously 
to move the bee and collect nectar upon reaching a flower (parallelism); (c) using ‘sides’ variable to draw a 
geometric pattern instead of manually setting length values (data); (d) triggering the execution of program events 
through the ‘Run’ button (events); and (e) using the repeat function to run the same set of code multiple times and 
make the angry bird reach the pig (loops). For the computational practices, the majority of participants reported how 
the visualization output of the programming codes motivated them to engage in problem-solving processes. 
Moreover, the students were incremental and iterative while creating coding units within Hour of Code. This finding 



	  

aligns with previous research studies that noted how participants were observed to prefer “stepwise refinement 
approach which gave them the opportunity to immediately execute their commands and receive feedback’’ (Fessakis 
Gouli, & Mavroudi, 2013, p.94).  

 
The relatable visual content including characters and narratives from popular culture, games, and films 

made the programming experience enjoyable while instilling motivation and interest. Students were able to establish 
a personal connection with the programming environment that mirrored elements present in their surroundings 
which is regarded as a crucial computational perspective (Lye & Koh, 2014). Therefore, results show that interaction 
with programming languages had visible effects in terms of students’ conception of CT concepts, practices and 
perspectives. 

 
Representation of CT in Participants’ Lesson Plans 
	  

Participants explored the Scratch programming environment and the Scratch user community to identify 
potential user-created artifacts concurrent with respective content areas and curricular goals. Subsequently, 
participants described an authentic Scratch project idea that could accomplish similar objectives. The 18 lessons 
analyzed represented core CT concepts including problem decomposition, algorithmic thinking, data, simulation, 
automation and to some extent, abstraction. Table 3 illustrates that most participants identified problem 
decomposition and algorithmic thinking as most representative computation skills that align with their curricular 
objectives.  
 
Table 3. Description of Lesson Plans Created by Participants 
 

Technology Scratch programming language 
  
Content Focus Number 
Social Studies 3 
English 2 
Science 2 
Math 11 
CT Skills Supported Number 
Algorithmic Thinking 8 
Problem Decomposition 6 
Data Analysis 4 
Abstraction 2 
Simulation 3 
Parallelization - 
Automation 2 

 
An examination of participants’ lesson plans suggested a variety of ideas on integrating programming 

technology with content coupled with appropriate pedagogical strategies including: (a) historical timelines in social 
studies to sequence and visualize information (algorithmic thinking); (b) visualization of fractions for comparison 
with a benchmark fraction (data representation and problem decomposition); (c) sorting clothing items that are 
suitable for appropriate weather conditions (data); (d) visual and interactive mapping of the water cycle in science 
(abstraction and simulation); (e) creating a model to depict the solar system (simulation); and (f) creating a 
calculator to perform mathematical operations (automation).  Despite a largely positive outcome, a number of 
participants had difficulties recognizing and labeling CT concepts and practices supported by their lesson plans 
alongside a broader understanding related to Scratch usability. A number of students focused on the role of 
technology to problem-solve broadly. Some had mistakenly thought of Scratch as a game-building platform only. 
Overall, the students demonstrated moderate grasp on the role and utility of Scratch in supporting CT knowledge 
and skills within specific curricular content.  
 
 
 



	  

Participants’ Perception on Scratch 
 
In terms of participants’ perception of Scratch programming language and its potential applicability in 

classroom settings, responses were largely positive. Specifically, the majority of the participants reported that 
absence of prior programming experience was not an inhibitor and noted that the user-friendly interface of Scratch 
helped them create computational artifacts more easily than anticipated. One of the participants rejected the idea of 
infusing Scratch programming into future lessons, stating the complexity involved in programming, and difficulty in 
learning the functionalities of the tool. A similar thought was echoed by another participant who was eager to 
incorporate Scratch into future classroom instructions but expressed concerns referring to the scarcity of time to 
build Scratch programs from the bare that entails multiple coding components. The participant, however, was more 
inclined to customize existing user-created projects to adapt to curricular needs. Interestingly enough, most of the 
participants showed high confidence in terms of engaging with programming activities to create authentic artifacts in 
Scratch in conjunction with encouraging students to do the same.  
 
 
Conclusion 

 
For pre-service teachers to successfully integrate CT in school curricula, they must develop a sound 

understanding of CT concepts, practices and perspectives. In this work we examined the ways in which visual-based 
programming environments such as Hour of Code and Scratch contribute to conceptualization of CT among pre-
service teachers and the ways in which hypothetical lesson plans help pre-service envision the integration of 
programming into their future classrooms. Findings indicated that pre-service teachers took interest in Scratch and 
Hour of Code. Even though Scratch contains multiple components that may appear intimidating to beginners, 
responses indicated motivation and interest for further engagement with Scratch and its potentials to enhance the 
learning of their future students.  

 
Findings from the analysis of lesson plans indicated that the awareness and knowledge of CT concepts and 

skills represented in Scratch programming design varied among participants. A number of participants provided 
sound explanations of supported CT skills and knowledge in their chosen Scratch activity that was also well aligned 
with their content area. Others, however, perceived CT as basic technological support for problem-solving. These 
latter lessons did not demonstrate understanding of how to combine programming with the instructional design that 
can best support CT skills among prospective learners. Problem decomposition and algorithmic thinking were the 
most highlighted computational skills. In many instances, participants failed to recognize other crucial CT concepts 
represented in their lesson plans such as abstraction, simulation, data analysis and representation, and automation. 
This outcome may be attributed to the short duration of the programming unit. Thus, future work may examine how 
more substantial experience with program influence pre-service teachers’ knowledge and practice. 
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