
 

Programming on the Move: Design 
Lessons from IPRO

 

Abstract 
Computer programming is often a stationary, solitary 
task; such tasks do not work well for most novices. This 
work describes the IPRO project that uses our 
'Programming Standing Up' framework (PSU) to 
reframe programming as a mobile, social game. IPRO is 
a programming and simulation environment for iOS in 
which a learner programs a virtual robot to play soccer 
in a virtual space shared with her cohort. This work 
presents examples of secondary school students 
learning with IPRO. We then connect the examples to 
PSU design principles and evaluate those principles in 
terms of the examples. 
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Introduction 
Computer programming remains a solitary, stationary 
practice despite some collaboration frameworks [1]. 
Novice programmers often find this paradigm daunting. 
Furthermore, there is significant evidence that 
collaboration [2], embodiment [3], and ludic practices 
[4] apply well to computational logic. To address this 
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gap, our work builds upon this research in the area of 
embodied cognition, which examines the role of the 
body and of gesture in complex reasoning. This paper 
reports on a project called 'Programming Standing Up' 
(PSU), which aims to open programming to 
embodiment by moving programming away from the 
computer and into the realm of a mobile, social activity. 
IPRO is a PSU application designed to teach computer 
programming in secondary schools. IPRO is a 
programming and simulation environment for iOS 
(iPhone, iPod Touch, iPad) in which a learner programs 
a virtual robot to play soccer in a virtual space shared 
with her cohort [5].  Because it is an iOS app, a 
classroom of students working with IPRO takes on a 
very different appearance from one engaged with a 
more traditional programming exercise.  Students are 
able to model the behavior of their robots in the 
classroom space and are also able to collaborate with 
their peers, to troubleshoot common problems as well 
as develop heterogeneous but complementary designs. 
In addition to exploring alternative modes of 
programming interaction, this work attempts to engage 
students with computer science concepts with greater 
efficacy than traditional instruction [6, 7, 8].  

IPRO is indebted to the rich history of robotics in STEM 
teaching and learning that traces a path backwards to 
Papert’s original vision for educational robotics [9]. The 
Mindstorms robotics kit stem from that work and 
integrate basic construction pieces (e.g., LEGO blocks, 
gears) with a graphical programming environment [10].  
Products such as RoboLab, RCX Code [11] and NXT 
[12] continue this theme, introducing a variety of 
physical components including sophisticated sensors. 
These kits have been primarily used to provide a 
physical context for programming, such as in the 

RoboCup tournament [13]. However, for novices the 
act of programming often remains disconnected from 
the physical action it precipitates [14]; robotics-related 
projects such as Topobo [15] or Kinematics [16] can 
bring aspects of programming into the physical world, 
but they often do so eliminating formal programming 
from the interaction. Though the history of embodied 
programming is voluminous, the authors found no 
literature in which learners build, compile, and run 
working programs on a handheld device using a 
programming language designed for that device. 

IPRO 
The IPRO language is a graphical, functional language 
in which the primary structure is built around 
conditional statements and robot actions. The 
conditional logic is based on true or false facts about 
the state of the game world; there is a predicate logic 
of binary sensors, such as “is another player in front of 
me?” or “is the goal to my left?” Second, all possible 
IPRO robot actions have clear physical world 
equivalence (e.g., move left, turn right), and there are 
no possible syntax errors.  This allows students to 
physically perform the programs they have written and 
to isolate the source of their troubles. 

The Space 
In IPRO, virtual robots move in a virtual hexagonal grid 
space (See Figure 1).  In the IPRO classroom, students 
maneuver on a large tarp covered with a hexagonal 
grid on the floor (seen in Figure 2). A student can move 
forward or backward, turn, and see or detect the ball 
just as their robot can.  This allows the learner to draw 
on physical experiences to make sense of how a robot 
moves and take advantage of the physical space for 
computational logic such as in [17, 18, 19]. 
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IPRO in ACTION 
Below, we present examples of how the PSU model 
affects users and learners. These examples are taken 
from 4 classroom settings in which different groups of 
students practiced programming in IPRO.  Two classes 
of high school students from an urban, public school 
and two classes of middle school students from a 
summer robotics camp participated.  After 
approximately 15 minutes of guided practice with the 
IPRO language, each student programmed a robot with 
a partner. Students could edit their code, share 
sections of code, enact their programs on the 
hexagonal grid on the floor, or test their robots in a 
solo play mode. Every 20 minutes the instructor called 
for all students to enter their robots in a match against 
their classmates' robots.  The matches were projected 
on a large screen at the front of the room.  After seeing 
how their robots fared in competition, students cycled 
back into another phase of design in which they could 
make improvements to their programs.  The high 

school students spent 1 hour designing their robots and 
competing in matches, while the middle school students 
spent 2 hours. 

We administered pre-/post-tests, collected log data of 
every interaction with the IPRO system, videotaped the 
classes, and interviewed individual students about their 
actions as they were programming.  The following 
examples from students' interactions with IPRO 
highlight features of the programming environment 
that we found facilitated embodied cognition, mobility, 
and collaboration using a game-like structure. 

Robot, Do What I Do: Designing Code with Movement 
In one situation, a high school student faced an 
impasse in which an otherwise capable robot could not 
score when it found itself located between the ball and 
the goal. To solve her conundrum, she moved into the 
middle of the room and performed several competing 
programs. Through these actions, the optimal program 

figure 1. IPRO programming (L) and game (R) spaces 

figure 2. A student writing an IPRO program with the device 
(hidden) in his right hand 
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became obvious. Without problem, she wrote the code 
that she had just enacted with her body.  

To a student new to programming, code that directly 
represents perceived reality is easier to understand and 
easier to write. By enacting the program, she was the 
designer, compiler, and executable simultaneously; this 
is a powerful status for a learner. 

Playing Robot: Collaborative Debugging 
In another situation, two middle-school students 
working together on the same team had made changes 
to their programs, but they were unsure if the changes 
would be effective.  They decided to act out their 
programs together to better understand their creations. 
Checking their iPods for reference often, they stepped 
through their programs; they discovered the programs 
we not working properly. One of the students had 
incorrectly predicted the movement of the ball, and the 
other student had misunderstood how the program loop 
was functioning. Their misconceptions became evident 
only through the cooperation and coordination of the 
two student-robots.  

The programs proved easy to interpret through 
movement for our students. As such, they can better 
collaboratively debug their code when their robots act 
in inconsistent or nonsensical ways. One of the most 
challenging skills in computer programming is finding 
runtime errors, and learning how to find errors is easier 
when multiple people are conditionally acting on each 
other's behaviors.  

Gooooaaaaal!: Coding as Social Gaming 
Looking much like a World Cup crowd, students in IPRO 
watched their matches while standing in front of the 

large screen urging on their team. Cascading groans 
followed each change of possession, and the room 
cheered loudly after every goal. Immediately following 
a match, the students scurried back with their 
teammates to work on improving their robots for the 
next competition.  

The investment and engagement are palpable; students 
are working because they choose to do so. Though it is 
more immediately applicable than most school content, 
programming suffers from an engagement problem. 
Authentic instructional tasks are important factors for 
student engagement, particularly at the middle and 
high school levels [20].   These include tasks that have 
relevance in the real world, include ill-defined 
problems, and allow students to investigate using 
different resources from multiple perspectives [21, 22].  
As IPRO is centered on soccer, students begin their first 
programming experience with a concrete metaphor. 

As students' robots play the game, the students realize 
that not every robot on the team should work the 
same.  Just as a soccer team includes strikers, goalies, 
and midfielders, a successful IPRO team includes robots 
with different objectives: offense, defense, or ball 
control. 

You're Just Standing There!: Social Feedback 
During one high school match, several robots 
functioned poorly: one robot did not move; one robot 
went in a tight circle; and a poorly coded "striker" 
actively fled the ball. The mistakes were apparent to all 
players, but the responses varied widely. Some players 
suggested fixes to bad players, some players lightly 
mocked the code, and the designers occasionally asked 
for help with their code from their peers. The social 



 5 

reinforcement of code correctness proved powerful, 
especially in a closed social situation. Most of the 
authors of the failed robots quickly fixed their robots or 
solicited help.  

Conclusion 
Programming is rarely described as a game, as 
collaborative, or as embodied, and open social feedback 
in programming is usually tied to open source projects 
rather than first-time learners. As we illustrate in this 
paper, these features can be incorporated into 
programming interfaces and beneficially impact 
programmers. These features may be particularly 
important for novice programmers and increasing the 
pipeline from novice to expert programmers. This work 
describes our pilot work and initial design findings. 
Future work with IPRO includes: a quantitative study of 
performance as it related to embodiment; case studies 
of embodied cognition; and a process understanding of 
how students came to learn more complex 
programming concepts. 
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