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The focus of this research project was to examine how prob-
lem-based learning (PBL) impacts students’ interest and
knowledge in computer science (CS) at the elementary level.
By focusing on a problem that emphasizes social activism,
we hypothesized that PBL CS could increase interest for stu-
dents. We employed an iterative design-based research ap-
proach to examine how the CS PBL curriculum impacted 6th
grade students’ understanding of and interest in CS, as well
as the supports teachers need to implement the curriculum.
Results suggest that students’ understanding and interest in
CS increased. In addition, the teacher reported needing more
content PD support, revisions to curriculum to improve com-
prehension, and other resources.

Keywords: computer science, problem-based learning, elementary



110 Brush, Ottenbreit-Leftwich, Kwon, and Karlin

INTRODUCTION

According to the U.S. Bureau of Labor Statistics (BLS) Employment
Projections for 2010-2020, more than half of the anticipated STEM jobs
that will be created in this country will be in computing (US BLS, 2018).
Other projections have indicated that computing job will be the fastest type
of STEM occupation with half a million new jobs between 2014 and 2024
(Fayer, Lacey, & Watson, 2017). This trend is evident regionally, as well as
nationally. It is clear, however, that not all these of jobs will be computer
scientist positions. In fact, Kaczmarczyk, Dopplick, and the Education Poli-
cy Committee (2014) found that 63% of current computing jobs were in in-
dustries outside of computer science (CS), ranging from agriculture to auto-
mobile manufacturing. In addition, scholars have indicated that jobs outside
of CS will still require basic CS skills (Delyser, Mascio, & Finkel, 2016;
SREB, 2016). Because the future of jobs in the U.S. will require workers
with CS and computational thinking, many states are adding computer sci-
ence to the K-12 curriculum (Stanton et al., 2017). For example, educational
leaders in Indiana were among the first to develop K-8 standards (Stanton et
al.). In 2017, Indiana passed a state bill that required all schools to address
K-8 CS standards and offer one high school CS class each year by 2021 (In-
diana General Assembly, 2017).

While legislators and education administrators have instituted these
important changes at the statehouse, it is the responsibility of districts and
teachers to must implement the policy in their classrooms. Many teachers,
however, struggle with where to begin, since most teachers -- particularly
elementary and middle schools teachers (Ottenbreit-Leftwich & Biggers,
2017) -- describe having a lack of confidence and knowledge about com-
puter science (Margolis, Rhoo, & Goode, 2017; Yadav, Berges, Good, &
Sands, 2016). Thus, there is a need to collaborate with teachers to develop
and implement CS curriculum that is engaging and effective with their stu-
dents, and that teachers feel comfortable implementing in their classrooms.

There are many existing curriculum choices for elementary computer
science (CS) (e.g., Code.org, Tynker, Everyday Computing, etc.) that inte-
grate games, robots, and unplugged activities. However, there has been lim-
ited research on examining the potential of this curriculum at the elementary
level (e.g., Ozturk, Dooley, & Welch, 2018). In addition, there are also CS
curriculum choices that utilize an inquiry-based approach at the high school
level (e.g., Exploring Computer Science, Mobile CSP). Research studies
suggest that CS in an inquiry-based approach does improve student engage-
ment (Hoffman, Rosato, & Morelli, 2019), student achievement (Chen &
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Yang, 2019; Hoffman et al., 2019), and student attitudes towards CS (Hoff-
man et al., 2019; Pollock et al., 2017).

Although there is at least one curriculum at the elementary level that
uses an inquiry-based approach for computer science (e.g., Project Lead the
Way’s Launch program), there has not been any research on whether this
approach is successful at the elementary level. We need more information
on how inquiry-based strategies such as problem-based learning (PBL) can
be used to learn CS at the elementary level. CS naturally presents student-
centered PBL opportunities that can also contribute to social engagement
(Goldweber et al., 2011). For example, 5th grade Latino/a students who
were enrolled in the CSteach curriculum, which explicitly focused on so-
cial justice and social good, increased their desire to further pursue CS as
well as the value they saw in CS (Denner, Martinez, & Lyon, 2015). Be-
cause CS requires problem-solving skills for broad issues, computational
problem- solving is a core competency (Liu et al., 2011) and it is important
for students to learn computing in a concrete and personal way (Cooper &
Cunningham, 2010; Goode, Chapman, & Margolis, 2012).

Extensive research conducted over the past decade has demonstrat-
ed that PBL can enhance both student engagement and students’ academ-
ic achievement with challenging content in K-12 settings (Brush & Saye,
2017). A number of meta-analyses focusing on the implementation of PBL
in K-12 environments concluded that PBL instruction is more effective than
traditional, teacher-centered instruction with regard to student achievement
(e.g., Ravitz, 2009; Walker & Leary, 2009). Studies across different subject
areas have shown that students in PBL instruction tend to be more engaged,
have better academic performance (Wirkala & Kuhn, 2011) and impact a
wide range of student abilities (Belland, Glazewski, & Richardson, 2011).

Research examining the use of PBL to teach CS has demonstrated
mixed results. For example, Dwyer et al. (2013) implemented a project
where 4th grade students integrated computational thinking into a physics
project. However, 4th grade students struggled due to a lack of prior back-
ground knowledge (hence the need for introductory block-based program-
ming). Some studies have shown that if CS projects are too open-ended,
students may have difficulties completing them (Cilburn & Miller, 2008).
Therefore, the incorporation of CS knowledge needs to be thoughtfully in-
tegrated.

The focus of this research project was to examine how PBL impacts
students’ CS interest and knowledge at the elementary level. By focusing on
a problem that emphasizes social activism, we hypothesized that PBL CS
could increase interest for students (Goldweber et al., 2013). We employed
an iterative design-based research approach to examine two questions:
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1. To what extent does a computer science student-centered
(problem-based learning) curriculum impact 6" grade
students’ understanding of and interest in CS?

2. What supports do teachers need to implement a com-
puter science student-centered (problem-based learning)
curriculum?

DESCRIPTION OF THE CS PBL CURRICULUM

To develop the CS curriculum used in this study, we collaborated with
6th grade teachers at a rural elementary school in Indiana. Our collabora-
tive curriculum design efforts led to the development an initial curriculum
that teaches CS block-based coding in a shorter time frame than most other
curricula and directly addresses most of the Indiana CS K-8 standards. In
addition, we incorporated a PBL activity that provided students with the op-
portunity to utilize their newly-acquired CS skills to address a socially rel-
evant problem.

We started with 10 hours of a Block-Based Computer Science Curric-
ulum utilizing Scratch to directly target the 6th grade standards. Utilizing
frameworks from Brennan and Resnick (2012), the CS Framework (2017),
and the Indiana CS K-8 standards, our curriculum focused on CT concepts
(Sequences, Loops, Event, Condition, Parallelism, Data, Operator) and CT
practices (deciding topics, decomposing tasks, developing programs, dem-
onstrating programs). The additional component of the curriculum focused
on a student-centered PBL activity that incorporated a social impact focus
problem. The curriculum design efforts were a collaboration between 6th
grade teachers and researchers from a variety of disciplines (computer sci-
ence, educational psychology, instructional design) at Indiana University.
After students had learned some basic coding, we collaborated with four
6th grade teachers and their CS/STEM specialist to co-develop a PBL cur-
riculum that would allow students to apply their new CS skills to a relevant
problem. Our teacher partners decided to focus the PBL activity on the driv-
ing question: How can we create a culture of kindness in our school? The
activity introduced concepts of kindness and heavily incorporating elements
of the partner school district’s recently adopted social-emotional curricu-
lum. Students were scaffolded on how to conduct research on this topic, and
provided with resources to support their research. Students used their new
CS skills to develop an “app” that would create a culture of kindness in their
schools (see Figure 1). Some created games, providing suggestions on ways
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to be kind, while others created a kindness tracker with words of encourage-
ment.

Figure 1. Example of “kindness” app.

METHOD
Research Context and Participants

This study took place over the course of nine weeks and involved one
6" grade elementary science teacher and two of his classes in a rural STEM
school in central Indiana. The school was classified as a Title I school with
56% free/reduced lunch rate. The overall student population of the school
was 6.5% multiracial, 3.8% African-American, 7.1% Hispanic, and 82%
white.

The teacher participating in the study had 14 years of teaching experi-
ence, but this was the first year he had been asked to integrate computer
science instruction into his science classes. He supervised the school’s ro-
botics club for the past four years, but had no formal CS professional devel-
opment. The teacher also had limited experience integrating problem-based
learning strategies into his instruction. Fifty-three students participated in
the study from the teacher’s two classes. The science class met for 50 min-
utes each day.
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Design

This study employed educational design research, which “...is a genre
of research in which iterative development of solutions to practical and
complex educational problems provides the setting for scientific inquiry”
(McKenney & Reeves, 2014, p. 131). Innovative educational environments
and activities may be simultaneously designed, implemented, and evalu-
ated to produce scientific knowledge and suggest interventions for practice
(Wang & Hannafin, 2005).

We examined teacher and student experiences through a heuristic case
study methodology to discover new understandings of the intervention with
the goal of re-thinking the design or approach (Merriam, 1997). This meth-
odology allowed us to explore our curriculum intervention in an authen-
tic setting through detailed data collection involving multiple data sources
(Stake, 2005).

Data Sources

Both qualitative and quantitative data were collected for this study, and
included the following data sources:

CS knowledge pre-test and post-test. The researchers and teacher col-
laboratively developed a 14-item multiple-choice assessment designed to
measure students’ knowledge of basic computer science and coding prin-
ciples. These were developed based on CS concepts (Brennan & Resn-
ick, 2012; CSTA Framework, 2017; Indiana Department of Education,
2016). Eight of the test items focused on basic computer science concepts
(e.g., sequences, loops, event, condition), and six of the items focused on
CS practices (e.g., coding principles, debugging). Parallel forms of the test
were administered to students three occasions: prior to the beginning of the
unit (pre-test), immediately after the completion of the block-based coding
portion of the curriculum activities (post-test 1), and immediately after the
completion of the PBL portion of the unit (post-test 2).

Observations and debriefings. Observations were conducted in each of
the classrooms participating in the project to determine how the curriculum
was implemented and how it could be revised. We also conducted debriefing
sessions with the teacher after each class session to garner the perceptions
of the teacher regarding issues that the students may have faced as the unit
was being implemented, and what supports might be needed for teachers to
enhance future implementations of the unit.
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Teacher interviews. We conducted a pre- and post-interview with the
teacher to identify the successes and challenges faced in implementing the
curriculum, as well as investigate how the curriculum could be improved
which supports were beneficial and what additional supports were needed.

Procedure

The primary activities for the initial and final days of the unit were the
administration of the pre- or post-test. For the other class sessions, students
completed specific activities to build their CS concepts and practices. Dur-
ing the final week of the unit, students developed culminating presentations
in which they presented their “apps” that addressed the driving question for
the unit (see Table 1 for an outline of the unit implementation).

Each day of the unit was observed by the researchers. Teacher post-unit
interviews were conducted after the completion of the unit.

Table 1
Pilot CS curriculum week-by-week topics, activities,
and Indiana CS standards addressed

Week 1: CS Introduction & Activities CS Standards
Foundations
Students are introduced Videos and discussions on relation- 6-8.CD.1
to the basic ideas of com- ship with humans and machines. 6-8.CD.4
puter science, hardware, Unplugged activities on binary and 6-8.1C.2
software, and computer communication.
components.
Weeks 2-4: Extending CS Activities CS Standards
Knowledge
Students are introduced to Students create at least 5 programs 6-8.DI.1
Scratch and the functions of in Scratch (e.g., a dance party, a 6-8.CD.2
different Scratch blocks. maze, a quiz game, and a variables 6-8.PA.2
game, and functions). Final project 6-8.PA.3
has students create their own pro- 6-8.NC.2
gram incorporating these ideas.
Week 5: Contextualizing Activities CS Standards
the Problem
Students introduced to the Videos and discussions on creating N/A
PBL problem of “How can a culture of kindness. Students re-
we create a culture of kind- search how acts of kindness in their
ness in our school?” school and daily lives can contribute
to a culture of kindness.
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Weeks 6-7: Research and Activities CS Standards
Design
Students design and Students spend 8 lessons research- 6-8.DI.1
develop an “APP” using ing, planning, designing, and devel- 6-8.CD.2
Scratch to address the PBL oping their Scratch project. Multiple 6-8PA2 &3
problem. check-ins and scaffolds help support 6-8.NC.2
development.
Week 8: Presenting Activities CS Standards
Students present their final Students present and share their 6-8.NC.1
Scratch projects. final projects with their peers, 6-8.1C.1
teacher, other students, and external
visitors.
Data Analysis

A one-way analysis of variance was conducted on student pre-test and
post-test results to determine if there were differences among student scores
on the three administrations of the test. For the purpose of analysis, all test
scores were converted from raw scores to percentages. Effect sizes for each
comparison were calculated using partial eta squared (Cohen, 1973).Quali-
tative data sources (e.g., interviews, observations) were analyzed by re-
searchers for trends and patterns related to the research question (Creswell,
2002).

RESULTS AND DISCUSSION
Student Understanding and Interest

A one-way ANOVA was conducted to compare the overall scores of
tests (pre, post Scratch lessons, and post PBL) (see Table 1). There was a
statistically significant effect of time on the scores F(2, 143) = 11.19, p <
.001, p2=.14. Post hoc comparisons using the Bonferroni test indicated that
the mean score of post-tests (M = 65.9, SD = 21.55; M = 66.0, SD = 19.25)
significantly improved from the pretest (M = 48.7, SD = 17.71). No signifi-
cant difference was found between the post-tests.

As the tests consisted of two types of questions: conceptual understand-
ing (8 items) and debugging skills (6 items), ANOVAs were carried out for
each type. Regarding the conceptual understanding items, there was a sta-
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tistically significant difference among the tests F(2, 143) = 8.98, p < .001,
p2=.11. Post hoc comparisons using the Bonferroni test indicated that the
mean score of post-tests (M = 75.2, SD =23.70; M = 75.2, SD = 19.99) sig-
nificantly improved from the pretest (M = 57.8, SD = 22.77). No significant
difference was found between the post-tests.

Regarding the debugging skills, there was a statistically significant dif-
ference among the tests F(2, 143) = 6.44, p = .002, p2=.08. Post hoc com-
parisons using the Bonferroni test indicated that the mean score of post-tests
(M =53.5, SD =24.75; M = 53.8, SD = 26.28) significantly improved from
the pretest (M = 37.5, SD = 20.24). No significant difference was found be-
tween the post-tests. Comparing the scores of post-tests reveals that students
achieved considerably lower scores in debugging tasks (54% correct) than
conceptual questions (75% correct) (see Table 2).

Table 2
Summary of test results
Pretest Post Scratch lessons Post PBL
Overall 48.7 (17.71) 65.9 (21.55) 66.0 (19.25)
Concepts 57.8 (22.77) 75.2 (23.70) 75.2(19.99)
Debugging 37.5(20.24) 53.5(24.75) 53.8 (26.28)

Note. Mean (SD)

Discussion of test results. Student test results suggest that participation
in the unit had a positive effect on students’ knowledge of CS principles and
concepts. Overall, students performed significantly better on the post-test
than they did on the pre-test, and their level of performance was sustained
after completion of the PBL portion of the unit. While students did not
perform better on the post-test after completion of the PBL activities, they
maintained their performance level which suggests that their knowledge of
CS (as measured by the test) and ability to apply CS concepts towards an
authentic and socially-relevant problem was maintained throughout the unit.

In addition, during the post-unit interview, the teacher discussed his
perceptions that the curriculum was highly engaging and students that stu-
dents even asked to explore Scratch during their free time: “I had a student
ask, hey, can we work on scratch? I said, sure. I bet there was probably a
third of both classes that got on scratch and began to program a new game
and start to kind of manipulate some of those blocks around. And so that’s
the biggest engagement, when you can get kids doing what we’re doing, if
they’re doing it on their own, you’ve got them. You’ve got something.”
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These results suggest that a problem-based CS curriculum can be effec-
tively implemented at the elementary level and can engage students in the
use of CS principles to support real-world problems. While other CS curric-
ular initiatives have been implemented at the secondary level, this research
provides support for engaging students in higher level CS activities that in-
volve designing, programming, and implementing more large-scale projects
at the elementary level.

Teacher Support Needs

Based on our interviews with the teacher, we identified three teacher
needs to implement a computer science student-centered (problem-based
learning) curriculum: (1) professional development on content, (2) revisions
to curriculum and materials, and (3) additional resources.

Content. Based on the teacher pre-interviews, he mentioned that he
needed more resources and professional development on computer science
content to feel comfortable in teaching the curriculum: “My concern is just
my depth of knowledge with [computer science]. I know computers, but the
thing is as you get older, technology passes you up...[I need] lessons that
would allow me as a learner to learn before I then turn around and present it
to the class.” He mentioned that although we had provided him with the cur-
riculum, which enabled him to understand the content, he would feel more
confident if he had additional background knowledge through professional
development opportunities: “Professional development [is a need] for me, I
know where my background knowledge wasn’t as strong as I'd like it.”

Revisions to curriculum and materials. Overall, the teacher felt the cur-
riculum was successful. However, there were elements that could be im-
proved to yield better student engagement and understanding. For example,
the teacher suggested that the unplugged activities led to better student un-
derstanding, and when functions were introduced, we did not provide an
unplugged activity. As a result, the teacher mentioned that students seemed
more confused and off-task as a result of the lack of understanding. During
the PBL activities, some of the information was too broad and the teacher
needed to provide more soft scaffolding to support students. For example, in
an email, the teacher described how he chunked the lessons to better guide
students during their app planning sessions: “With the first class we showed
them the whole example packet, then allowed them time to work. It seemed
like too much instruction and too much time to work/get off task. With the
second class, we broke it into smaller chunks and it worked a lot better.”
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In addition, the teacher suggested that the PBL research lessons where
students researched acts of kindness needed more support: “I think we need-
ed a better bridge between the culture of kindness and categories of kind-
ness and the activity/handout. My recommendation would be to model the
first act of kindness by finding an article or video as a class and filling in
the boxes together, focusing on how this supports a culture of kindness and
how it spreads kindness to others.” In addition, the sixth graders seemed to
struggle with searching and key terms. For next time, the teacher suggested
“including the list of terms to search or QR codes at the top of the handout
instead of the list of websites which can be hard to type in for sixth grad-
ers.”

Other curriculum suggestions dealt with time management (e.g., “it was
a lot of information to get through in 45 minutes,” “some slides could be
combined or dropped,” and “[we] wished the students had a little bit more
time at the end to manipulate the game.”) We will revisit the curriculum to
create clearer 45-minute lessons and include unplugged activities before ap-
plying them to their own Scratch designs.

Additional resources. The teacher also mentioned that additional re-
sources were necessary to support the lesson. The technology equipment
provided some challenges. Since students had iPads, we had initial prob-
lems with Scratch (not being able to save their work before Scratch 3.0 was
released) and keyboards (arrows did not work with Scratch), and not being
able to collaborate on Scratch (each group had to use one account to build
their app, it could not be shared or copy/pasted). The teacher described that
laptops could have made things easier for students: “I think that iPads are
awesome, but I think laptops or computers are something that would make
this process better.”

The teacher also suggested that we should create student refer-
ence sheets or handouts so they could read the codes easier. In an email,
the teacher described how this changed students interactions with Scratch:
“I gave them the handout with the completed codes and this helped SO
MUCH!! The students even commented on how helpful it was to have the
reference page.” Other suggestions included having more volunteers to help
students with the coding process. The teacher described this in one of his
interviews: “More people is always a plus in a room. We’re doing good with
the ones we have, but more hands to help more kids that need questions
quicker is always, definitely a big thing.” This was especially important as
the students moved from the guided Scratch activities to building their own
apps. In an email, the teacher described that “...it’s been this second part
with all of the students coding different projects that would be beneficial
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to have more hands or more experienced helpers in the room. There were
times where [he] would get stuck helping one group for 10 minutes and
couldn’t make it around to help everyone else.” To help scaffold students
during that process, we created a full workbook (80 pages) with references
and screenshots of how to implement specific codes they had learned.

Discussion of teacher support needs. The need for more computer sci-
ence content knowledge is not new. Many teachers have described feeling
apprehensive about working with computer science content, especially if it
is a new area for them (Margolis et al., 2017; Ottenbreit-Leftwich & Big-
gers, 2017; Yadav et al., 2016). Professional development approaches like
in-class coaching can be one way to help overcome these apprehensions
(Margolis et al., 2017). For example, a study from Margolis and colleagues
(2017) examined whether coaching could support classroom teachers with
CS content and inquiry-based learning approaches. The authors found that
the coaching PD improved teacher confidence with CS content, as well as
their overall understanding of CS content (Margolis et al., 2017). Given
these common apprehensions towards CS content knowledge, it was not
surprising that our teacher mentioned a need for additional PD related to CS
content.

Surprisingly, this teacher did not mention the need for more PD sup-
port for PBL. Other studies have described that teachers struggle with the
new roles necessary with PBL, especially ‘letting go’ and enabling students
to conduct their own research (e.g., Nariman & Chrispeels, 2016). To help
teachers transition to this new pedagogical approach, Lee and Blanchard
(2018) recommended that teachers engage in PBL professional development
workshops as an interdisciplinary team, enabling them to implement these
practices into their classrooms. They found that this helped motivate teach-
ers to implement PBL (Lee & Blanchard, 2018). During the initial prepara-
tion for this implementation, we provided two days of PBL training where
four teachers collaborated on our PBL CS kindness unit. Additionally, this
teacher worked in a project-based STEM school, and had previously re-
ceived a STEM fellowship. Perhaps due to these two reasons, the teacher
already felt confident in implementing PBL as a pedagogical approach in
his classroom.

Conclusion

The purpose of this research was to examine how PBL impacts stu-
dents’ CS interest and knowledge at the elementary level, and to determine
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how teachers implement a PBL CS curriculum and methods for enhancing
that curriculum in future iterations. Results of this research suggest that
integrating PBL and CS can lead to positive student outcomes as well as
engage both the students and teachers in authentic problem-solving using
CS. It is hoped that this research will lead to additional attempts to integrate
inquiry-based instructional methods such as PBL with computer science in-
struction.
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