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Abstract 
 

Learning computer science is no longer simply a 
matter of learning computer programming.  Indeed, 
modern day computing jobs demand design, communi-
cation, and collaborative skills as well. In order to ad-
dress this need and make computing education more 
engaging, motivating, and community-oriented, we have 
been exploring a “studio based” approach in which 
students (a) construct computational solutions to prob-
lems that have many possible solution strategies, and 
then (b) present their solutions to their peers and in-
structors for feedback and discussion. In the fall of 
2007, we implemented this approach in a pre-CS 1 
course by requiring students to present their solutions to 
five course programming projects in face-to-face review 
sessions. Interview, and observational data collected in 
this course pointed out several practical and logistical 
problems surrounding the face-to-face review sessions 
that diminished their educational effectiveness.  To ad-
dress these problems, we describe the preliminary de-
sign of a novel asynchronous web-based project review 
system to support and augment face-to-face studio-
based review sessions. This system, which is being itera-
tively designed and implemented in 2008, will provide a 
foundation for future empirical research into the effec-
tiveness of studio-based approaches in computing edu-
cation.  

 
1. Introduction 

 
The studio-based instructional approach has been 

successfully used to teach design skills in architecture 
and arts education for over 100 years [1]. In this ap-
proach, students come together within so-called “design 
crits” to present the design of solutions to assigned 
problems that lend themselves to multiple solution 
strategies. Based on the feedback and discussion gener-
ated within these “design crits,” students iteratively im-
prove their solutions.  

Over the past several years, Washington State Uni-
versity (WSU) has been exploring the potential for this 
approach in undergraduate computer science courses. 

Most recently, we used approach to teach the fall, 2007 
offering of a pre-CS1 course at WSU. The course was 
structured around five programming projects of increas-
ing difficulty. The students enrolled in the course were 
required to present their solutions to these projects to 
their lab sections (15-20 students plus a teaching assis-
tant) within five of the regularly scheduled lab periods.  
To obtain feedback on these sessions, we held debrief 
sessions at the end of three of the sessions.  In addition, 
we conducted  semi-structured interviews with five stu-
dents in order to obtain more comprehensive and formal 
feedback on the approach.  

For the interview question “Did you receive helpful 
feedback from the written peer reviews of your work?”, 
the following response was typical: 

“I think that in peer reviews we (students) only worry 
about keeping everyone’s feelings up more than tell-
ing the presenter what they need to do right and 
how”.  

When asked, “Did you find the process of participating 
in “design crits” as an audience member helpful to you 
in learning computer programming?,” one student gave 
the following response:   

“It would have been a lot more helpful to get the 
code later on, and break it down and look at it, 
rather than just watching it once, and say[ing] - oh 
that was kind of cool”.  

In addition to these comments, students in the debrief 
sessions expressed a desire for the organization of the 
presentations to be improved. They offered two sugges-
tions: (a) reduce the time wasted in switching laptops 
between the presentations, and (b) allow students to 
submit their assignments on-line, rather than during the 
presentation sessions. 

Given this feedback, we wondered whether an online 
system might help in improving and adapting the studio 
based approach for computer science instruction. This 
led to the following research questions: 

 
RQ1: How can we take advantage of an asynchro-

nous online learning system to improve and 
tailor the studio based approach for teaching 
computer science? 



RQ2: What might the design of such a system look 
like? 

 
In this paper, we address these questions by (a) dis-

cussing the ways in which an online learning system can 
provide features to complement the traditional face-to-
face studio based approach, and also tailor it for com-
puter science, (b) presenting the preliminary design of 
an online learning system that is presently under con-
struction, and (c) presenting our plans for evaluating the 
effectiveness of the system. 

 
2. Background and Motivation 

 
Since 2003, we have been exploring a studio-based 

approach to teaching a variety of computer science 
courses at WSU, including CS 1 [2] and an upper-
division course on human-computer interaction design. 
Most recently, we implemented the approach in a pre-
CS1 course entitled “Introduction to algorithmic prob-
lem solving.” Taught using the Alice programming en-
vironment [3], the course is designed to be a gentle and 
motivational introduction to computer programming for 
students who have never programmed before.  

In the fall, 2007 offering of the course, which en-
rolled 90 students, we implemented the studio-based 
approach by requiring all students to present, for feed-
back and discussion, their solutions to five progressively 
more difficult programming projects. Students gave 
their presentations in five of the regularly scheduled 2 
hr. 50 min. lab periods. Due to time constraints, half of 
the 15 to 20 students in each lab section were required 
to give presentations on a given day, while the other 
half were required to write and post peer reviews of 
selected students’ solutions using the Blackboard sys-
tem [7].  

We established clear requirements for both the pres-
entations and peer reviews.  In a 10-15 min. presenta-
tion, presenters were asked to “lead the class on a walk-
through of their code,” as well as to explain, reflect on, 
and justify their solutions. For example, in one of the 
assignments that involved writing a scavenger hunt 
game, presenters were asked to address questions like 
“How does your code support scoring?” and “What 
were the most difficult parts of the assignment to pro-
gram, and why?” Following each presentation, the pre-
senter’s teaching assistant and peers were invited to 
provide verbal feedback and suggestions for improving 
the project. 

Peer reviewers were asked to base their reviews on 
an established scoring rubric; however, rather than just 
providing checklists of requirements met and unmet, 
reviews had to “contain evidence of critical thinking 
and/or concrete suggestions for improvement.”   

We obtained student feedback on this approach and 
its implementation in two ways: (a) by holding informal 
debrief sessions at the end of three of the studio sessions 
and (b) by conducting in-depth semi-structured inter-
views with 5 students at the end of the semester.  

Many of the students who contributed to these 
evaluations found the studio-based activities useful and 
interesting. At the same time, several key issues came 
up again and again:  
• Wasted time in studio. Students observed that a sub-

stantial portion of the studio sessions (approximately 
30 percent, according to our estimates), was dedi-
cated to technical and bookkeeping endeavors that 
did not contribute to their learning, including (a) 
having to reconnect a student’s laptop computer to 
the projector prior to each presentation; (b) having to 
reboot computers due to crashes and freezes during 
presentations; and (c) having to submit the source 
code for assignments to teaching assistants via USB 
drives.  

• Need for central repository. Students commented 
that they wanted a central repository for all student 
work, so that they could access that work both be-
fore and after the studio sessions took place.  

• Real-time feedback difficult. Students said that they 
found it difficult to provide constructive feedback on 
their peers’ work within the real-time context of a 
studio session. They felt that they would be able to 
make more substantial and in depth comments and 
suggestions if they were afforded the opportunity to 
review their peers’ work on their own time outside 
of class. 

• Written reviews preferred. Student presenters ex-
pressed a preference to receive the reviews of their 
peers in written form instead of through verbal com-
munication, as this would help them keep track of 
the feedback and allow them to take it into consid-
eration in future assignments. However, the written 
reviews that were provided through Blackboard [7] 
tended to be too brief and superficial to be useful. 
 

3. Preliminary System Design  
 

The results just presented suggest that augmenting 
the traditional studio based approach with an asynchro-
nous online learning system might greatly enhance the 
studio-based approach. We now turn to a discussion of 
what such a system might look like. 

Our proposed system will provide a central reposi-
tory for, and asynchronous access to, all students’ solu-
tions. This will allow students to read and respond any 
time and anywhere, which will give them more time to 
reflect and compose a response [4]. Moreover, the cen-
tral repository will smooth out the presentation process 



in the studio sessions, eliminating the need to connect a 
new machine to the projector prior to each presentation. 

Student feedback submitted through the system will 
remain anonymous. This will help overcome some of 
the concerns that arise with traditional face-to-face stu-
dio sessions, like shyness or prejudiced reviews [5]. It 
may also embolden students who would otherwise be 
intimidated by speaking in front of their peers or in-
structor to express their views.  

The on-line student reviews will enable instructors to 
assess what has been written, as well as enabling stu-
dents to read what they and their peers have written as 
many times as they wish [6]. In addition, the online re-
views will give the students an opportunity to improve 
their technical and presentation skills and learn beyond 
what was discussed in the class [1]. 

While general-purpose online learning systems such 
as Blackboard [7] support the above functionalities, our 
environment will be tailored specifically to support the 
kind of studio-based learning that we described in the 
previous section. To that end, the system will support 
four key features that are absent in general-purpose 
online learning systems: 

 
1. Support for submitting annotated computer pro-

grams. To support studio-based learning in com-
puter science courses, our system must allow stu-
dents to talk about, review, and execute computer 
programs that meet requirements established in ad-
vance by a course instructor. Thus, our on-line sys-
tem must support artifact-centered discourse [8], 
with computer programs being the primary objects 
to be discussed. Prior to submitting their solutions 
to a posted assignment through our system, students 
will be required to annotate their solutions with a 
set of annotation tags established by the assign-
ment. Each pair of annotation tags will be used to 
mark a section of the solution that satisfies a given 
assignment requirement.  Only assignments anno-
tated with the required tags will be accepted by the 
system. 

2. Support for viewing and commenting upon assign-
ments based on code section. To root discussions 
and comments firmly in specific sections of code, 
our system will allow any user to view and com-
ment upon a student’s solution on a section-by-
section basis, with the sections being defined by the 
required annotations described above.  

3. Support for linking specific blocks of code in one 
student’s solution to blocks of code in other stu-
dents’ solutions. Our system will encourage stu-
dents to note and discuss areas of agreement and 
disagreement with other students by enabling them 
to link sections of their code with sections of other 
students’ code. When specifying a link, a student 

must elaborate on what the link means. The follow-
ing choices will be given by default: (a) You wrote 
this the way I did! (b) You wrote this totally differ-
ently from how I did!. In addition, free-form com-
ments may be specified. Based on these links, our 
system will provide a global tree-based visualiza-
tion that depicts the relative similarity of students’ 
approaches to each code section.   

4. Support for executing co solutions directly from our 
system. In order to avoid the need to switch presen-
tation computers within studio sessions, our system 
will make it possible to execute, within our on-line 
system, any computer program written in a lan-
guage for which a plug-in execution environment 
has been defined in our system. The ability to exe-
cute code from within our system will have the 
added benefit of allowing student reviewers to exe-
cute the code solutions they are reviewing without 
having to explicitly download the code to their own 
machines, which may provide students with more 
incentive to write thoughtful, in-depth reviews. 

In sum, the above features support the studio-based 
instructional method in computer science courses more 
directly than a generic on-line learning system could. 
 
4. Evaluation Plans 

 
We believe that the integration of our on-line system 

with the traditional studio based approach will result in 
the following positive outcomes:  

 
(a) Students’ increased participation in the review 

process. Because reviews can be done anytime and 
anywhere, and because they can refer directly to 
code that is available within the on-line system (as 
opposed to requiring the user explicitly to 
download the code), we believe that students will 
be more motivated to take part in the on-line review 
process than they would in a face-to-face situation. 

(b) More reflective, deeper, more critical feedback. 
Since feedback can be submitted anonymously, we 
believe it will be more honest, although we need to 
be careful to ensure that it remains constructive. In 
addition, since students will be able to review and 
execute the solutions they are reviewing through 
our system, we believe they will be willing to take 
more time to thoroughly consider the solutions they 
are reviewing than they otherwise would. 

(c) More organized and efficient studio sessions. Since 
our system provides a common repository for all 
students’ solutions, and since our system supports 
the execution of students’ solutions, there will no 
longer be a need to switch presentation computers 
during the studio session, or to swap USB drives 
with student work in and out of a presentation com-



puter. As a result, we anticipate that the face-to-face 
studio sessions will be able to proceed more effi-
ciently, with more time dedicated to educationally 
relevant activities and less time dedicated to admin-
istrative overhead. 

(d) A greater sense of community. Because they will be 
able to explore and link to each other’s code on-
line, students will have more opportunities to build 
a sense of community around the programming ac-
tivities in which they are engaging than they other-
wise would. 

(e) Higher learning outcomes in assignments. As men-
tioned above, we believe that our system will pro-
vide greater access to student assignments and en-
courage deeper, more critical reviews of student as-
signments. We anticipate that this will lead to the 
production of higher quality code than if no such 
online system were available. 

We will employ a mixed-methods approach to evalu-
ate our system’s effectiveness in meeting the above out-
comes.  The basic idea will be to study the same studio-
based course during two consecutive semesters. During 
the first semester, we will implement the course as a 
traditional studio-based course with face-to-face studio 
sessions only; the on-line system will not be available. 
In the second semester, we will implement the course in 
the same way, except that we will require the use of our 
on-line system. In both courses, we will collect the fol-
lowing data to address the above outcomes: 

 
(a) Number of student contributions to the review 

process, both on-line and face-to-face. 
(b) Quality and depth of student contributions, ac-

cording to a rating system whose reliability will 
be established. 

(c) Percentage of time within face-to-face studio ses-
sions dedicated to educationally relevant vs. ir-
relevant activities, as determined through a post-
hoc video analysis of review sessions.   

(d) Pre- and post-surveys that include sense-of-
community measures, as well as exit interviews 
administered to a small sample of students.      

(e) Assignment scores, broken down by requirement.                                                                        
 
5. Summary and Future Work 
     

Our preliminary exploration of the studio-based ap-
proach to teaching computer science suggests several 
problems with traditional face-to-face reviews, includ-
ing difficulties with providing thorough, honest reviews 
within the real-time context of a face-to-face review, 
and a tendency to waste time with irrelevant administra-
tive tasks like switching computers and transferring 
files. To address these issues, we have presented the 
preliminary design of an on-line, asynchronous learning 

system specifically tailored for computer science 
courses. Our system goes beyond generic on-line learn-
ing systems by (a) supporting artifact-centered discourse 
on annotated computer programs, (b) allowing students 
to build areas of agreement and disagreement by having 
them link specific sections of their together, and (c) 
supporting the direct execution of code solutions from 
within the system, thereby avoiding the need to explic-
itly download and execute code.  

In the upcoming year, we plan to implement this sys-
tem using ASP .NET and SQL, and to conduct formal 
classroom studies not only to evaluate the effectiveness 
of the studio-based approach, but also to evaluate the 
ability of our system to enhance the studio-based ap-
proach to teaching computer science courses. 
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