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Abstract 
This paper focuses on the motivation, design, and initial 
prototype implementation of Collab-ChiQat. Collab-
ChiQat is a collaborative reconceptualization of an 
existing intelligent tutoring system for Computer 
Science Education originally intended for one-to-one 
student-system tutoring. Collab-ChiQat allows students 
to work as pair programmers as they solve coding 
problems for linked lists, a foundational and difficult to 
grasp CS concept. The work is unique in it’s comparison 
of how system structuring of collaboration affects both 
learning and actual collaboration. In one condition, 
students are left to themselves with no system 
feedback regarding their collaborative behavior. While 
in a second condition, the collaboration is semi-
structured, meaning students received a visualization of 
their participation and other metrics.  
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Introduction 
A primary reason for the effectiveness of human 
tutoring rests in the tutor’s ability to accurately assess 
a student’s knowledge on an ongoing basis, adaptively 
share expertise, and do this all in real-time. In the 
same way, intelligent tutoring systems (ITS) provide 
real-time feedback and adaptively adjust to student 
knowledge [9]. However, the ITS has traditionally been 
geared toward one-to-one student learning, despite the 
noted benefits of group, or collaborative, learning [5]. 
Originally a constraint due to physical system ability, 
this feature of the one-to-one model is baked into the 
framework of ITS literature [7]. The aim of our 
research is to shift this paradigm for an existent ITS for 
CS Education in order to accommodate collaborative 
learning via pair programming. 

Collab-ChiQat 
Collab-ChiQat reconceptualizes the architecture and 
implementation of the standard, non-collaborative, 
computer science intelligent tutoring system, ChiQat-
Tutor. Collab-ChiQat deals exclusively with the linked 
list learning module of the standard system. 
Furthermore, Collab-ChiQat accommodates learning 
between pairs of students as they jointly engage with 
the system. Collab-ChiQat maintains all of the major 
architectural components present in standard ChiQat. 
However, the collaborative system differs from the 
standard version in its design of the graphical user 
interface and student model. This is due to Collab-
ChiQat’s added objective which is to measure, evaluate, 
and provide feedback regarding collaborative behavior 
among peers in addition to facilitating domain learning. 

Two Collaboration Structures 
Given the range of approaches to supporting 
collaboration in an ITS [3], one of Collab-ChiQat’s main 
research goals is to explore how different types of 
collaboration structures affect students’ CS learning as 
well as other measures of collaboration. Thus, two 
collaboration structuring types were implement as 
follows:  

UNSTRUCTURED: situates students as pair 
programmers working with the tutoring system. 
Furthermore, with each line of code submitted, 
students must specify who was acting as the driver 
(owner). The system provides no feedback to students 
on the collaboration itself. 

SEMI-STRUCTURED: provides students with passive 
feedback regarding their collaboration. Students also 
specify code ownership. The feedback includes: 

•   Helpful tips on successful collaboration ie: “Ask 
questions and explain opinions” 

•   Pie chart comparison of the number of spoken 
utterances, code ownership, and peer bonuses 
per partner  

•   Code compilation error vs success rate per 
problem 

•   Peer Bonus sentence opener ie: “_____ 
encouraged me by ____” 

•   Collaboration Score 

System Architecture 
Collab-ChiQat’s primary purpose is to ameliorate a 
student's learning of the linked list data structure 
[2].  A problem is presented to a student in both 
textual and graphical representation. The student is 

Background 
The demand for workers with 
CS skills is at an all-time high 
[7]. However, many students 
struggle to grasp foundation 
CS concepts and data 
structures including linked 
lists and their manipulation. 
In industry, the practice of 
pair programming has seen 
an increase. In pair 
programming, two 
programmers work side by 
side at one computer to 
collaboratively design and 
write code. While, ITSs 
provide adaptive, user-centric 
feedback to students as they 
learn, standard definitions of 
an ITS often limit the scope 
of the tutor to interactions 
and modeling of an individual 
learner [1]. On the other 
hand, CSCL research has 
shown that, assigning 
students to a group and 
charging them with a task 
does not ensure that students 
will engage in effective 
collaborative learning 
behavior [4,8]. CSCL 
applications structure group 
activity in order to promote 
these effective collaborative 
behaviors. 



 

then able to programmatically solve the problem. 
Moreover, the system provides relevant feedback to the 
student in a manner analogous to the one-on-one 
human tutoring experience from which the system was 
derived. Example problem types involve linked list node 
insertion and removal in addition to other more 
complicated operations as shown in Figure 1. 

 

Figure 1: Collab-ChiQat’s Main graphical interface 
which includes tutor feedback, problem panel, graphical 
state representation, and coding area including code 
owner. 

Collab-ChiQat comprises six major components 
consistent with the standard, non-collaborative version 
of ChiQat as follows: graphical user interface, problem 
model, constraint evaluator, feedback manager, 
procedural knowledge model, and student model. Due 
to Collab-ChiQat’s added objective of collaboration 
structuring, a collaboration feedback manager and 
collaborative interaction model are also introduced to 
the system architecture. The architecture of Collab-
ChiQat is depicted in Figure 2. 

 

Figure 2: Collab-ChiQat system architecture with 
additions from standard ChiQat including; Voice to 
Text, Collaboration Feedback Manager, Collaborative 
Interaction Model, Joint Student Model and 
Collaboration Panel. 

Initial Feedback 
108 students from a second year CS programming 
practicum course used Collab-ChiQat for 40 minutes 
during a single lab session as seen in Figure 4. Student 
feedback revealed the vast majority of students found 
working with Collab-ChiQat to be interesting and helpful 
as seen in Figure 5. This majority was larger than prior 
studies dealing with single user, standard ChiQat (59% 
and 53% of users agreed or strongly agreed).  There 
was also a notable difference between the perceived 
helpfulness reporting for the unstructured and semi-
structured conditions. Surprisingly, a greater majority 
of students in the unstructured condition found the 
system to be more helpful than in the semi-structured 
condition as seen in Table 1. 

 

Figure 3: Semi-structured 
Collab-ChiQat introduces a 
collaboration panel. The panel 
serves as the view for 
collaboration visualization, input, 
feedback and instructions. The 
collaboration panel contains both 
graphs to represent collaboration 
metrics and textual-based output. 

 



 

 

Figure 5: Student feedback from exit survey. 

Conclusions & Future Work 
In this informative poster, we have outlined the 
motivation for our collaborative ITS, Collab-ChiQat. 
Collab-ChiQat is a unique ITS because it deviates from 
the traditional mode of ITS support limited to a single 
student. The system was used across two modes of 
collaboration structuring, one with no system feedback 
on collaboration, the other with collaboration 
visualization. Students reported more interest in this 
system than our previous single-user interventions, 
however, they found the unstructured version to be 
more helpful. We will move forward in examining how 
domain learning was affected across the two conditions 
as well as other outcome measures. 
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Figure 4: Students using 
Unstructured Collab-ChiQat which 
did not include the Collaboration 
Panel. 

 Unstruc. Semi. 

strongly 
disagree 

2 3 

disagree 6 3 

neutral 8 13 

agree 25 19 

strongly 
agree 

13 12 

TOTAL 54 50 

Table 1: A comparison of survey 
results for prompt “Do you feel 
that ChiQat-Tutor helped you 
learn about linked lists?”. 

 

Figure 6: Students using Semi-
Structured Collab-ChiQat which 
includes the Collaboration Panel. 


