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ABSTRACT 
Many students struggle in Introductory Computer Science (CS1) 
and fail or drop out of the class. A lack of CS self-efficacy - the 
belief that the individual can complete a task - is frequently the 
cause of this failure to succeed in CS1. Solutions have been 
proposed to improve student self-efficacy in CS1. Unfortunately, a 
lack of self-efficacy in CS1 classes is still a problem. This study 
examines a pedagogical tool, whiteboarding, and its effect on 
student perception of self-efficacy during the programming 
problem-solving process for novice programmers. Whiteboarding 
refers to students using whiteboards during the CS problem 
solving process. Focus group sessions, researcher notes, and 
memos were used to collect qualitative data. The whiteboarding 
intervention was conducted in two AP CS A classes during the 
first four weeks of the year. Seventeen 10th-grade students 
participated in the focus groups. Three focus groups of four 
students and one focus group of five students were conducted at 
the end of the intervention. These findings indicate that 
whiteboarding can be a vital tool that increases student self-
efficacy by improving their success at programming activities, 
increasing collaboration and feedback, and providing an active, 
positive learning environment that holds students accountable for 
their work. The themes that emerged from the focus group 
sessions were: Engagement with the Problem, Engagement with 
Others, and Engagement with the Environment. Teaching success 
in the CS1 classroom requires student self-efficacy. This study 
highlights a teaching pedagogy that CS1 educators can implement 
to increase student self-efficacy.  
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1 INTRODUCTION 
The majority of jobs for STEM students are CS-related, yet CS 
students quit or fail introductory programming classes at high 
rates. Self-efficacy is the primary predictor of success for novice 
programmers [11,31]. Computer science pedagogy is still in its 
infancy, and new tools are needed to help teachers support student 
success [9]. Whiteboarding is an interactive teaching and learning 
method where students use a whiteboard to visually represent, 
explore, and discuss concepts, algorithms, data structures, and 
problem-solving techniques. This hands-on, collaborative 
approach encourages engagement, facilitates clear communication, 
and often aids in understanding complex topics by providing a 
visual and tangible way to organize and connect information. As a 
CS classroom pedagogical tool, whiteboarding positively impacts 
multiple CS self-efficacy factors.  

This study’s purpose was to understand how whiteboarding 
during the programming problem-solving process impacted novice 
student perceptions of CS self-efficacy. Literature exists on the 
factors that influence general self-efficacy [2]. Research has also 
highlighted the factors that impact self-efficacy in the CS domain, 
such as programming experience, gender, goal orientation and 
metacognitive strategies, understanding of programming concepts, 
mental models, and a sense of belonging [11,12,19,20]. Literature 
also exists on different pedagogical tools that can impact CS 
domain self-efficacy, such as self-assessment, scaffolded activities, 
and goal setting [7,11,28]. No literature, however, explicitly 
analyzes whiteboard use as a pedagogical tool to positively impact 
a novice CS student’s self-efficacy. 

This study contributes to the literature on the self-efficacy of 
novice CS1 students by analyzing how whiteboarding impacts 
student self-efficacy during the problem-solving process. This 
study aims to add a practical instrument to the CS teacher’s toolkit 
to increase novice programmer success and retention by focusing 
on a pedagogical tool, whiteboarding, which can positively impact 
self-efficacy. The author analyzed the results from 17 students in 
four focus group sessions to address: 

RQ How does whiteboarding in CS during the programming 
problem-solving process affect student self-efficacy? 
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2 RELATED WORK 

2.1 Self-Efficacy  
Self-efficacy is an “estimation of one’s ability to perform target 
behaviors successfully. Individuals who judge themselves capable 
of performing certain tasks are found to attempt and successfully 
execute them” [4]. Students’ CS self-efficacy is the best predictor 
of student success in the first year of computer science [11,31]. In 
other words, if students think they can do it, they probably will do 
it. There are causes for a lack of self-efficacy, and there are ways to 
improve self-efficacy. 

2.1.1 Negative Feedback Loop. Self-efficacy and performance form a 
feedback loop that can be positive or negative. Students who 
believe they can accomplish a task will be more engaged and work 
harder. This increased effort usually results in a successful 
outcome [18]. A negative feedback loop can also occur. Low self-
efficacy can lead to giving up on a problem. This failure reinforces 
lower self-efficacy [24] and reduces perseverance, which increases 
the risk of failure. In CS1, students write their code in an 
integrative development environment (IDE). This software 
provides constant error feedback to the student. The programmer 
receives feedback on many types of errors (e.g., syntax, compiler, 
logic; [14]).  

2.1.2 Improving Self-Efficacy – Success Breeds Success. There are 
general factors that can influence self-efficacy in almost any 
classroom. Self-efficacy cannot be instilled via notes in class or a 
PowerPoint presentation by the teacher. Students build self-
efficacy through their experiences [14]. Teachers can positively 
influence student self-efficacy by giving encouragement, placing 
them in positive collaborative environments, and modeling 
positive behavior. The most crucial factor, however, is that the 
student has positive experiences [2]; success breeds success.  

Success and student self-efficacy are not built in one class 
session but over time, and early failures can be challenging to 
overcome [14]. Self-regulated learning (SRL) theory is a 
framework based on the belief that students should become active 
participants in their learning [17]. According to the SRL 
framework, teachers help students understand the learning 
process, develop metacognitive strategies, and set intermediate 
achievable goals, increasing student self-efficacy [18]. Such SRL 
activities include students accomplishing a small task, observing 
others accomplishing a task, encouragement from others, and 
monitoring one’s physiological state to increase student self-
efficacy [2]. 

Most importantly, self-regulated learners respond to feedback, 
allowing the patterns in long-term memory to be altered and 
corrected [18]. Self-efficacy enables students to realize that they 
can succeed if they practice and learn from that practice and are 
resilient as they work through setbacks [18].  

Research on self-efficacy in the CS domain has identified CS-
specific factors that impact CS self-efficacy. One method of 
improving self-efficacy in CS is to help students create accurate 
mental models. Developing these models directly affects a 
student’s success in CS and self-efficacy [20]. Assignments that 
require students to comprehend and create (e.g., understanding an 

existing program and adding a module) can help students develop 
the proper mental models [24].  

Breaking assignments into smaller, achievable tasks with 
immediate and appropriate feedback is better than assigning larger 
projects [24]. Worked examples, peer programming, and 
collaboration allow students to observe another person complete a 
task [24]. Other methods to improve self-efficacy include social 
persuasion during collaboration, decreasing competition, creating 
a sense of belonging, and creating evaluation methods that focus 
on learning and student improvement [19,24]. 

2.2 Whiteboards in the STEM Classroom  
Whiteboards can be a useful pedagogical tool in the STEM 
classroom. Liljedahl [16], in his research on student use of 
whiteboards to problem solve in the Math classroom, found that 
whiteboards increased engagement. According to a study by Ju et 
al. [13], the whiteboard allows the problem-solver to work through 
the iterative process of creative and critical behavior because of its 
temporary surface. The study notes that whiteboards allow quick 
sketching to scaffold ideas and ground the conversation.  

Whiteboards are also excellent tools for encouraging student 
collaboration. Grounding communication (finding common 
ground) is vital during collaboration. Collaboration also requires 
copresence, visibility, audibility, and simultaneity to minimize 
effort and decrease communication costs [5], all of which are 
accomplished using whiteboards. Other researchers have also 
found whiteboards help the collaborative design process because 
participants [26]: (a) pay more attention to each other; (b) maintain 
a shared focus; (c) sketch out ideas; (d) are open to each other’s 
ideas; (e) seek agreement and acknowledge disagreement; (f) 
maintain a sense of humor. 

Studies in non-CS STEM classrooms have revealed that 
whiteboarding helps teachers identify student misconceptions, 
provide specific feedback on an individual’s misperceptions, 
identify group misconceptions, and offer feedback to the whole 
class [10]. Whiteboards also help teachers keep students engaged 
in the classroom [10].  

3 METHOD 
This study used a grounded theory approach to identify how 
whiteboarding in the CS1 classroom affects student self-efficacy. 
Focus groups were used to identify the themes and categories of 
activities the students believed helped them during the 
whiteboarding part of the programming process. This is one of the 
first studies to analyze the effect of the whiteboard pedagogical 
tool on student self-efficacy during the programming process. 

3.1 Intervention 
The research team identified and recruited potential subjects from 
two AP CS A classes offered at a public high school. The students 
were high school sophomores. A total of 17 students participated 
in the focus groups. The study was conducted during the 
beginning of the first semester in the fall. The students had never 
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used a whiteboard to solve a CS problem in a classroom setting. 
The IRB at Virginia Tech approved this research. 

The teacher used vertical whiteboards as part of the 
programming solution process to increase the self-efficacy and 
engagement of the students. The whiteboard intervention was 
used during the first unit of the AP CS A classes. The first unit 
included four weeks of instruction, consisting of 12 classes of 90 
minutes, following a lecture by the teacher that either introduced a 
new topic or reviewed an old topic. An example problem solution 
was discussed or live-coded, demonstrating proper problem-
solving techniques. The teacher then explained the whiteboard 
intervention as listed below. 

 
3.1.1 Components of the Whiteboarding Intervention. Students: 
1. were introduced to a problem to be solved using the Java 

programming language. 
2. solved the problem simultaneously with other students on the 

whiteboards in the room. 
3. worked independently and/or collaboratively with each other 

and received assistance from the teacher. 
4. typed their code in replit.com (an online auto-grader and IDE) 

after the teacher reviewed and approved their solution on the 
whiteboard. 

Twelve assignments were completed during this period using 
the whiteboard intervention. The students had never used a 
whiteboard to solve a CS problem in a classroom setting.  

3.2 Data Collection 
3.2.1 Focus Group Protocol Seven factors and drivers have been 
identified as critical to student self-efficacy in programming [25] 
and are listed in Table 1. These factors were used to generate 
questions in the focus group protocol listed in Table 1.  
 
3.2.2 Focus Group Composition The qualitative data were gathered 
through semi-structured focus groups after the intervention to 
obtain insights into what the students felt were the significant 
aspects of the intervention. The qualitative phase of the research 
was conducted to generate categories or themes of activity during 
the CS-programming problem-solving process using whiteboards 
to increase student self-efficacy. Seventeen students participated in 
the focus group sessions. Three focus groups of four students and 
one focus group of five students were conducted at the end of the 
intervention.   

3.2 Data Analysis 
The transcribed data from the focus groups were coded and 
analyzed using the two-cycle coding method [27]. Descriptive 
coding was used in the first cycle, and pattern coding was used in 
the second cycle [27]. 
 
 
 
 
 

Table 1: Self-efficacy factors and the aligned focus group 
protocol questions. 

Factors Questions 
Independence and 
Persistence 

Did you find the whiteboard a valuable 
tool when you were frustrated or stuck, 
and how did you become unstuck? 

Simple 
Programming 
Tasks 

What was the biggest challenge with the 
small programming tasks when you were 
whiteboarding? How did you overcome 
them? 

Self-regulation What was your planning process, and 
how did you use the whiteboard? How 
did you use your time? How much time 
did you spend thinking about the 
problem, and how much time did you 
spend writing or typing? 

Complex Teacher 
Interaction 

How did you interact with the teacher 
during whiteboarding? 

Peer interaction 
(observing others 
accomplishing a 
task, 
encouragement) 

How did using the whiteboard affect 
communication with your peers? 

Mental models How did you use the whiteboard other 
than to write code? Did you make any 
drawings? 

Complex 
programming task 

What was the most complex program you 
had to write? 

General Experience How did you use the whiteboard? What 
programming activity did you learn the 
most from? 

 

3.3 Validity Discussion 
We enhanced the quality of our study by taking measures before 
and during data collection. We aligned our focus group protocol 
questions to known factors and drivers of self-efficacy. We used 
field notes, memos, and peer debriefing to enhance validity [27]. 
Although the students in the focus groups were from the same 
class, the students were chosen at random, and the facilitator 
allowed each student time to answer each question. Each 
recording was analyzed to ensure one student did not dominate 
the discussion. 

One weakness of the study lies in the fact that we only used 
the focus group data for this analysis. Adding observations of the 
actual whiteboarding experiences would have allowed comparison 
to the experiences shared by the students during the focus group 
sessions. Another weakness is the uniqueness of the student 
population. This study was conducted with advanced computer 
science students taking AP Computer Science A as high school 
sophomores. This is a class typically taken by high school seniors. 
However, we believe that these results are typical of students’ 
experiences who use the whiteboard in a CS1 class. 
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4 RESULTS 
A thematic analysis of the comments from the four focus group 
sessions was conducted, and three themes were developed to 
represent the sources of self-efficacy during the process of 
programming problem solving using the whiteboard. These 
themes were engagement with the problem, engagement with 
others, and engagement with the environment. The theme 
engagement with the problem consisted of three subthemes: 
planning, writing, and verifying. The theme engagement with 
others consisted of three subthemes: sharing ideas, feedback, and 
collaboration. The theme engagement with the environment 
consisted of three subthemes: writing, active learning, and positive 
accountability. 

5 DISCUSSION 
The following discussion relates the themes and subthemes found 
during the qualitative analysis to self-efficacy. The results reveal 
that whiteboarding is a pedagogical tool that positively impacts 
multiple factors that increase student self-efficacy in the CS 
domain.  

5.1 Engagement with the Problem 
Successfully solving and coding a problem, a novice programmer’s 
mastery experience is the critical component that contributes to 
self-efficacy [1]. Problem solving involves understanding the 
problem, planning a solution, writing a solution, and verifying the 
solution [23]. Whiteboarding creates a space that helps students 
master the CS problem-solving process by allowing them to slow 
down and engage with the last three steps of the problem-solving 
process: planning, writing, and verifying. 
 
5.1.1 Planning a Solution. Many novice programmers are under the 
false impression that good programmers do not need to plan [11]. 
However, expert programmers spend significant time planning 
[11]. Novice programmers’ lack of planning during problem 
solving contributes to their lack of success [32]. The students using 
the whiteboard noted how it helped them plan the logical flow and 
made them think about it more. Specifically, it helped “to visualize 
it more… when I’m really writing it, I have to really think about 
exactly what I’m writing.” Although it seemed like the planning 
took longer and was more tedious, the students found it easier and 
quicker. 

Creating subgoals is important for improving self-efficacy 
during the CS problem-solving process [14]. During the planning 
phase on the whiteboard, many students found they could “chunk” 
the problem into smaller subproblems and that the “smaller 
chunks were so much easier to do on a whiteboard.”  

The participants contrasted their experience planning on the 
whiteboard with the usual experience of problem solving by 
typing directly in an Integrated Development Environment (IDE). 
Many novice students in a typical CS1 classroom (that does not 
utilize whiteboards for problem solving) receive a programming 
problem, open up the IDE on their computer, and start typing, 
skipping the planning stage of problem solving. One participant 

related how (before using a whiteboard) they would “mindlessly 
jump into the code and sometimes be typing stuff I didn’t even 
know I typed.” Problem solving was just a trial-and-error process 
that was not repeatable and reduced self-efficacy. But, when 
students started planning a solution on the whiteboard, one 
student found that they had “to think about it, and that does seem 
more tedious, but in the end, it is way easier.” 
 
5.1.2 Writing a Solution. Two components of written code are 
required to solve the problem. The first component is the correct 
logical sequence, and the second is the correct coding language 
syntax [8]. Novice programmers are new to much of the 
programming language syntax, and self-efficacy decreases when 
they forget the syntax but feel they should remember it [11]. This 
lack of knowledge is highlighted when participants program 
directly in an IDE because the program underlines every syntax 
error in red. The participants mentioned they became distracted by 
these syntax errors (which are many for a novice programmer).  

On the other hand, the students found that since the 
whiteboard offered no feedback on syntax errors, they could focus 
on making sure the logic of their code was correct. One participant 
shared that using a whiteboard allowed her to slow down and 
focus on their code’s logic and problematic portions. Seeing their 
plan and code in the same space also allowed for an iterative 
process of writing and “looking back” at the plan and then writing 
more code. Using the whiteboard to help students focus on the 
logic first (and reducing the focus on perfect syntax) and then 
allowing them to focus on the syntax (when they typed their code 
in an IDE) after the logic was correct helped the participants “solve 
problems and code faster.” 
 
5.1.3 Verifying the Solution. Verifying a solution is the final step in 
the problem-solving process [23]. Good mental models positively 
affect the success of novice programmers because mental models 
play a significant role in debugging and modifying (verifying) code 
[24]. The participants shared that the whiteboard was an excellent 
surface to draw their models and verify their code. The students 
used the whiteboard to verify their code by stepping through their 
logic, drawing models of their code, and hand-tracing the values of 
the variables. The unstructured surface allowed students to draw 
models of the data structure values represented by their code. For 
example, they could “write out the string and the indices and hand 
trace it a few times to find some errors.” One student found that 
when he only used an IDE, the IDE only “gives you an output 
error message or the output of a wrong answer,” but that tracing 
code on the whiteboard “helps you see where your code went 
wrong.” 

The students contrasted the whiteboarding experience with 
only using an IDE to verify their code. The “IDE-only” experience 
was frustrating for many participants because cryptic error 
messages did not help them find and fix logic errors. On the other 
hand, several of the advanced students proficient in using the 
debugger in the IDE found that, for complex problems, the IDE’s 
debugger made it easier to find and fix logic errors.  

Using mental models and hand-tracing on the whiteboard to 
verify code led to students reporting reduced anxiety and an 
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increase in their confidence. As one student explained, “…when 
you are writing it and hand-tracing it… the fear of making 
mistakes goes away; it’s almost none.”  

5.2 Engagement with Others 
The second theme, engagement with others, consisted of three 
subthemes: sharing ideas, instructor feedback, and peer 
collaboration. Presenting a student with a problem they cannot 
solve without a more-knowledgeable other (student or teacher) 
and providing the opportunity for the student to interact with the 
more-knowledgeable other is when learning occurs in the Zone of 
Proximal Development (ZPD; [30]). In addition to learning, self-
efficacy increases when students engage with others. Bandura [2] 
notes that engagement with others through vicarious experiences 
and social persuasion from a peer or teacher can increase self-
efficacy. Helping students connect with their peers in a 
cooperative learning environment can reinforce students’ sense of 
self-efficacy in the CS classroom [29].  

The participants whiteboarding in a public space could see 
their peers’ work, their peers could see the participants’ work, and 
the teacher could easily and instantly see everyone’s work. This 
public space allowed for an environment in which participants 
could engage with each other in their ZPD. Collaborative learning 
allowed the students to gain mastery experiences and increase 
their self-efficacy.  
 
5.2.1 Sharing Ideas. Sharing ideas during problem solving with 
others increases a student’s mastery orientation and self-efficacy 
[6]. A student’s sense of belonging in the CS classroom is also 
closely linked to self-efficacy [29]. The participants found that 
working on the same problem at the same time (simultaneity), 
being physically next to each other (copresence), and seeing each 
other’s work in an ample workspace made it easier to have a 
shared focus and to share ideas. This situation created an 
environment where students felt “in it together” (belonging) as 
they planned their work, viewed each other’s different approaches 
to problem-solving, and identified and fixed errors.  

Programming self-efficacy increases when students observe 
more talented peers [19]. Whiteboarding provides ample 
opportunity for students to learn from each other. One student 
would finish their code and then look at their neighbor’s solution 
to discover, “what did they do, and how does this work compare to 
mine?” Some students needed help and found it was easy to “just 
look over at your peer and be like, ‘Hey, I’m struggling here. Can 
you help me with my for loop?’” Other students liked working 
through their problems aloud and explaining them to the person 
next to them.  

Learning environments in which there appears only to be one 
solution can lead to a lack of a sense of belonging and decreased 
self-efficacy [14]. Several of the participants noted that 
whiteboarding allowed them to see multiple solutions. As the 
students shared their ideas and solutions, they realized there may 
be more than one solution and that whiteboarding helps “you to 
think differently.” One student mentioned that the public 
workspace and copresence of peers allowed their peers to help 

them because they could “physically show you exactly where the 
error is. Not just the line, but where on the line it is, too.” The 
classroom participants became focused on learning, seeing 
multiple solutions, and how to improve rather than simply making 
the code work.  
 
5.2.2 Instructor Feedback. Instructor feedback is essential to the 
whiteboarding experience and can significantly impact student 
self-efficacy [33]. Verbal persuasion (telling a student they can do 
it) and giving the student the fundamental tools to accomplish the 
task can also positively impact self-efficacy [1]. Whiteboarding 
allows a teacher to quickly identify students who need help, 
communicate with them, and offer support. The students related 
how they could quickly get the teacher’s help when needed. The 
teacher could “easily see the code of everyone in the room,” and 
another student mentioned that when “the teacher saw that I was 
stuck in the same place… the teacher came over and asked me to 
think through the process, which would help me to figure it out.” 
Several students also mentioned that the feedback from the 
teacher was immediate because they could see all of the student’s 
work. 

This approach differed significantly from the participants’ 
experiences of problem solving directly in the IDE. When they 
coded in the IDE, “it was not easy to ask for help. Sometimes, 
people do not ask for help until they absolutely cannot figure it 
out.” The participants felt isolated when they only worked in an 
IDE because “we’re in our own little world.” 
 
5.2.3 Collaboration. Providing students with opportunities to work 
with peers can improve their self-efficacy in the CS classroom 
[22]. By working with others, students can participate in vicarious 
experiences, verbally persuade each other, and increase their self-
efficacy [1]. During whiteboarding, the participants collaborated 
with their peers to generate ideas, identify and fix problems, and 
develop solutions. 

One student shared that they could “give each other ideas on 
how to code something. Instead of just like copying someone’s 
code, you can actually understand how they did it. That helps you 
in the future.” Collaboration was much easier if one student was 
stuck because the code and the mental model were visible to both 
students. Visualized thinking on the whiteboard allowed one 
student to draw a line under a specific piece of code that might be 
incorrect and walk the other through the code to understand the 
error and the correct solution. One student summed up 
collaboration during whiteboarding as “probably the most 
important thing in whiteboarding because the goal in CS is to find 
and develop new methods that are more and more efficient, and by 
working together and learning from each other’s failures, we can 
achieve that a lot faster and a lot better.” 

5.3 Engagement with the Environment 
The final theme from the focus group sessions was engagement 
with the environment. The subthemes were the act of writing, 
active learning, and positive accountability. Integrating the mind 
and the hands in “hands-on” (problem-based and collaborative) 
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education has been proven to increase self-efficacy [3]. When 
students stand at the whiteboard as a classroom group and work 
on the same problem, “hands-on” active learning creates a positive 
accountability environment in which students learn and the 
learning “sticks.” 
 
5.3.1 Act of Writing. The physical act of handwriting on the 
whiteboard forced the participants to slow down and think about 
what they were writing, allowing for better visualization and 
expression and leading to understanding and remembering the 
solution (the learning “sticks”). There were some drawbacks to 
handwriting on the whiteboard: some found it tedious compared 
to typing on a computer. 

However, most participants found that handwriting code 
forced them to think about what they were writing and reduced 
their cognitive load. Novice programmers do not have the 
automaticity of syntax writing and basic algorithmic patterns [8]; 
therefore, they need to spend more time thinking about what they 
are writing. Slowing down allowed them to find “shorter, faster, 
more efficient solutions” because they were “actively thinking” 
about what they were writing.  

The physical act of handwriting code also helped the students 
remember what they wrote, although sometimes, handwriting all 
their code on a whiteboard became unwieldy. One student shared 
that handwriting helped give them a “mental imprint of the 
syntax” and that writing things out forced them to learn it. 
However, several students mentioned that the whiteboard could 
seem crowded and messy when writing more extended code.  
 
5.3.2 Active Learning. Instead of just sitting and listening, active 
learning engages students in thinking about and solving problems 
[21]. The physical nature of standing and handwriting code as 
they solved a CS problem helped the participants focus on the 
problem, forced them to work, and created a fun, positive 
environment. 

Active learning helps students foster a master orientation and 
increases their self-efficacy [14]. The participants expressed how 
whiteboarding’s active learning aspect helped them focus and “get 
into” what one student called “the programming zone.” When the 
students sat and solved CS problems at their computers using the 
IDE, they found it difficult to concentrate and focus because their 
minds would wander, and it was easy to procrastinate. However, 
when the students were standing, writing, and moving around on 
the whiteboard, they were “thinking a lot more actively.” The 
students mentioned that whiteboarding created an environment 
where they wanted to work and felt a sense of urgency. 

Self-efficacy is increased when a student is in a calm 
physiological state and not when anxious or apprehensive [24]. 
The students explained that the whiteboarding environment was 
“fun,” even though it was stressful for the first few days. After this 
short adjustment period, the students “got used to the process.” 
Several students specifically mentioned whiteboarding created a 
“calm, positive learning environment.” 
 
5.3.3 Positive Accountability. Whiteboarding created a positive 
environment that encouraged accountability. One reason for this 

atmosphere was that the whiteboard does not offer negative 
feedback (in contrast to the red underlines for syntax errors in the 
IDE). In addition, since everyone made mistakes that could be seen 
by everyone else, this only increased the positive environment 
because the students realized that perfection was not expected. 
The public and personal aspects of writing their code increased 
student accountability and confidence.  

High-ability expert programmers make errors [11]. However, 
novice programmers mistakenly assume that making errors is a 
sign of low ability, decreasing their self-efficacy [11]. Many 
students contrasted working in an IDE, which provides many 
error messages, with working on the whiteboard, with no error 
messages. One of the most surprising results from the focus 
groups was the negative experience that novice programmers have 
programming in an IDE. When students type their code in an IDE, 
it underlines any syntax errors in red as they type. The 
participants described the IDE as “screaming at you” and that it 
was really “in your face,” saying, “YOU’RE WRONG.” One student 
called the IDE “very judgmental.” Another participant described 
the experience as “me failing and failing and failing, hitting run, 
no, run, no.”  

The participants contrasted the experience of problem solving 
in the IDE with the whiteboard, which was not judgmental and 
gave students greater self-confidence because they could write 
their plan and code down and not immediately receive negative 
feedback. Students could then solve the problems more quickly. 

A sense of belonging correlates with CS self-efficacy [11]. 
Whiteboarding led to the participants feeling like they belonged in 
the CS class. In the first few days of the intervention, most 
participants thought the teacher checked their code on the 
whiteboard and expected it to be perfect. However, after a few 
days, they saw “a bunch of other people also making a mistake. I 
realized that I wasn’t the only person.” Another student expressed 
that “after you realize everyone else makes mistakes too, and you 
realize you’re basically all in the same boat and there is nothing to 
be negative or nervous about.” The students also mentioned that 
once they realized everyone makes mistakes and their work was 
public, giving and receiving help was easy, reducing student stress 
and increasing their sense of belonging. 

Social pressure is among the few extrinsic factors positively 
correlated with CS self-efficacy [15]. Social pressure in the 
whiteboarding environment results from the public display of the 
student’s work. The students explained that since their code was 
public, they had to “know how it works” if anyone asked about it. 
This situation increased the accountability and pressure on the 
students, but it did not result in negative stress; it resulted in the 
participants becoming “more confident.” 

6 CONCLUSION  
Learning in the CS1 classroom requires student self-efficacy. This 
study indicates that whiteboarding can be a vital tool that 
increases student self-efficacy by improving their success at 
programming activities, increasing collaboration and feedback, 
and providing an active, positive learning environment that holds 
students accountable for their work. 
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