
TutorGen has partnered with Harvard University to test adaptive 
assessment technology for the HarvardX Massive Open Online Course 
(MOOC) platform.  In this study, Harvard University is interested not 
only in the potential to improve learning outcomes for students, but 
also in the implications that adaptive functionality has for course 
design.  Therefore the goal of this research was to establish the 
technical feasibility of adaptive assessments within the HarvardX 
learning system, and to begin examining its effects on learning 
outcomes and engagement.  We tested SCALEtm, TutorGen’s Student 
Centered Adaptive Learning Engine, in a HarvardX course. 

SCALE improves learning outcomes by integrating adaptivity into 
existing educational technology systems, leveraging the existing 
content and architecture, but without requiring significant re-
development.  SCALE does this by following a research-grounded, 
data-driven approach, adapting automatically based on the 
transactional data collected from these systems.  These adaptive 
capabilities include: knowledge tracing, skill modeling, student 
modeling, adaptive problem selection, and – for multi-step problems 
– automated hint generation.  

A key differentiator of SCALE is that it improves over time, with both 
additional collected data and human input.  SCALE is not simply a 
blackbox solution, working purely with machine learned models; 
rather, it begins with expert-defined problem models that define 
learning objectives in terms of the Knowledge Components (KCs) that 
comprise these objectives.  Then, collected student data is used to 
determine which KCs each student knows.  As part of this process 
SCALE will suggest refinements to the problem models, allowing 
human curators to extend the process by providing input, clarification, 
or modifications.  This human-centered, data-driven approach is 
critical to discover the underlying models that drive learning. 

 
 
The data on the Super-Earths and Life course used in this study was 
comprised of 435 students from across a three month period.  The 
course was randomly split 50%-50% between an experimental group 
that received adaptive assessments in four modules, and a control 
group that received static assessments only.  Due to the adaptive 

nature of the assessments, students in the experimental group were 
not necessarily presented with all of the problems in each module.  
Additionally, all learners were able to stop working after reaching the 
required score, or for any other reason.  In order to assess the 
learners’ progress, competence-based pre- and post-tests were added 
to the course.  Only student data for those who completed the pre- 
and post-test was used in this study. 

From a course design perspective, it was important that there were 
adequate assessment problems to support an adaptive experience.  
Thus additional questions were created, including noting the KCs 
required to solve each, and the level of difficulty, both of which were 
used to enhance the adaptive experience.  

 

The TutorGen and Harvard technical teams collaborated to implement 
full connectivity between HarvardX and SCALE.  The Harvard team 
developed a Bridge for Adaptivity (BFA) tool that followed the Learning 
Tools Interoperability (LTI) standard to integrate with the edX platform.  
Further, SCALE offers a series of Web APIs to communicate with 
HarvardX via this LTI bridge.  TutorGen extended the SCALE engine to 
consider not only the student mastery of the KCs, but also problem 
difficulty, in order to present students with problem selection on 
material that is scaffolded by both KC and difficulty level.  

 
 
 
 
 
 
 
 
 

The collaborative study found that students in the adaptive learning 
test group versus the control group had a 13.4% greater knowledge 
gain, were more efficient in mastering competency by 22%, and were 
more engaged in the content by 14.6%.   
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