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Introduction 

 
Online Collaboration 
 
Whether in a traditional classroom setting or through distributed learning (DL) technologies, 
learning is influenced by interactions or collaborations among learners.  Collaborations with 
other learners allow for the synergistic building of knowledge. The strengths of each team 
member can be shared with other team members, leading to sharing of a greater knowledge base.  
Studies have shown that the use of collaborative learning exercises leads to improved knowledge 
acquisition when compared to instruction without collaborative exercises (Alkhateeb & Jumaa 
2002; Bonk & Wisher, 2000).   
 
Learners in DL courses often feel isolated due to the lack of natural interaction between class members 
that is present in traditional class settings (Muilenburg & Berge 2001).  Distance learners rarely have the 
opportunity to interact with other students.  They cannot readily exchange ideas after class, nor are they 
able ask another student for clarification during a lecture.  Research has found that many distance learners 
feel that learner-learner interaction should be designed into online courses to alleviate the feeling of 
isolation (Navarro & Shoemaker, 2000).  Collaborative online tools, therefore, are needed to increase 
learner-learner interaction, which should subsequently motivate students in a DL environment.   
 
Question Generation Learning 
One technique to increase leaner collaboration is through the process of asking and answering questions.   
The asking of a question requires active processing of information, leading to more in-depth learning 
(Graesser & Wisher 2001).  To develop a question, several meta-cognitive tasks must be completed. The 
questioner must first identify what information they know, what information they do not know, and how 
to construct a question that would be understandable to others.   
 

Method 
 
In this research, the effects of a collaborative question-writing tool on learner outcomes, such as test 
performance and quality of questions developed, were assessed in a military training environment. 
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Apparatus 
 
The collaboration tool used was TEAMThink™, produced by Athenium LLC, a Web-based platform 
where a team of users collaborated to develop questions.  Each participating school provided computers 
with high-speed Internet access.  The collaboration tool, a tutorial, and all performance data were stored 
on a central server in Boston, MA. In the current experiment, the collaboration tool was used in a 
classroom setting due to experimental and scheduling constraints.  (Note: the use of trademark or 
copyright material does not imply endorsement of a product by the U.S. Army Research Institute for the 
Behavioral and Social Sciences or by the U.S. Department of Defense) 
 

Participants   
 
The participants were students at three Army schools: the Engineer School at Fort Leonard Wood, 
Missouri; the Ordnance Munitions and Electronic Maintenance School at Redstone Arsenal, Alabama; 
and the Intelligence School at Fort Huachuca, Arizona.  Two sessions for a total of about 4 hours were 
needed for the participants to complete the experiment. For all groups, the experiment was integrated into 
a course required for career advancement.   
 
Essentially there were two separate issues investigated across the three groups of participants, learning 
effect and quality of questions developed.  Two different comparisons were made to assess learning 
effect.  In the first comparison, participants at the Engineer School were used for a between group 
assessment.  For this comparison, 104 students were assigned to an experimental group, which 
participated in the collaborative exercise, and 108 students were assigned to the control group that did not 
participate in the collaborative exercise.  The second comparison involved 40 participants from the 
Ordnance School for a within group design, comparing participants’ performance on a test of the topic 
they completed with the collaboration tool versus their performance on a test of a different topic.  To 
assess the quality of questions generated, 55 participants from the Intelligence School, along with the 
participants from the Engineer School and Ordinance School, were used.   

 
Procedure  

 
Tutorial 
 
Participants first completed a Web-based, self-paced tutorial, instructing them on how to write effective 
multiple-choice questions.  The tutorial took about 45 minutes to complete and consisted of three 
modules: a) learning through questions, b) writing effective questions, and c) creating a set of answers 
that included one correct and 3-4 appropriate incorrect options.  Participants cycled through a module 
until achieving a score of 100% correct on an end-of-module quiz before continuing to the next module.   
 
Question Collaboration 
 
Participants were divided into teams and instructed to compose questions individually. The size of the 
teams varied from 3 to 24 members.  The collaboration tool provided a template that included an area to 
write the question stem and separate areas to write the possible answers (see Figure 1).   
 
All teams were given specific course topics on which to write their questions.  In all locations, half of the 
teams in a specific class wrote questions on one topic while the other half wrote questions on a different 
topic.  Because of small team sizes in the Ordnance School, the students were instructed to write three 
questions, while in the other locations the students were asked to write one question.  As a general 
guideline, students were asked to write questions that 70 percent of the class could answer correctly. 
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After writing their questions, students critiqued questions written by their teammates.  For each question, 
the procedure was: (1) answer the question; (2) show the correct answer; and (3) write comments on the 
question.  When the students completed the review and commenting process, they were allowed to read 
the comments written about their own questions and revise their original question.   
 

 Figure 1. The template for writing questions, answer stems, and comments. 
 
Test of Questions 
 
After critiquing their questions, participants were tested on questions developed by other teams that 
composed questions on the same course topic.  The questions that appeared on the tests were limited to 
questions that were accepted by the course instructors for technical accuracy.  Participants taking the tests 
had not previously seen the questions they were given, since a separate team developed them. 
 
The participants from the Ordnance School took two tests. The first test consisted of questions on the 
topic that their team used during the collaborative exercise.  The second test consisted of questions on a 
different course topic.  Both topics had been covered recently in the course.  This allowed for the 
comparison of performance on tests of the topic areas with which they did and did not collaborate.  
 
Control Group 
 
For comparison with the participants from the Engineer School, participants who were in the same course 
as the Engineer experimental group were assigned to a control group.  In the control condition the 
participants did not use the collaboration tool or go through the question-writing tutorial.  They wrote 
questions based on the same topics as members of the experimental group.  The control group then took a 
test consisting of those questions.  
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Results  

 
Quality of Questions 
 
Across all schools, instructors accepted 258 of 336 questions (77 percent) as technically accurate.  The 
production of so many quality questions indicates that a collaboration tool could be used to generate a 
corpus of questions for later use by training developers.  In addition, the development of so many 
appropriate questions indicated that the participants understood the course material, which was reassuring 
to the instructors.  

 
Learning Effect 
 
Two analyses were conducted to assess evidence for a learning effect.  In the first analysis, the percent of 
questions answered correctly during the test of the control and experimental groups from the Engineer 
School were compared.  In the second analysis, two sets of questions were answered by the students from 
the Ordnance School; these included questions about the topic on which they collaborated (within) and a 
different topic that was covered in class (across).  
 
Engineer School. The control group participants answered only 68.4 percent of the questions correctly.  
The experimental group participants answered 76.1 percent of the questions correctly.  The 7.7 percent 
difference between means was statistically significant (independent samples t=3.76, df=210, p<.01).  The 
effect size for this difference was 0.73 standard deviation units. 
 
Ordnance School.  In this group, students took two tests; the first was with questions in the same topic 
area they used during the collaborative exercise (within) and the second in a different topic area (across).  
In both of the tests, it was the first time participants were exposed to the questions.  Participants averaged 
7.3 percent higher scores on the  “within” topic versus  “across” topic tests.  The results, however, were 
not statistically significant (p=0.16).  The effect size for this difference was 0.30 standard deviation units.)
 
The collaboration that occurs during the question generation exercise may aid in the learning process, as 
shown in the significantly higher scores by the participants from the Engineer’s School who used the 
collaboration tool versus the participants who only wrote questions and took a test, with no collaboration.  
For the participants from the Ordnance School, however, the difference between the “within” and 
“across” groups was not statistically significant.  This suggests that a limited learning effect was evident 
after only a single use of the collaboration tool.  Further experimentation would be required to assess the 
effect after multiple uses of the collaboration tool. 
 

Conclusion 
 
The use of the collaborative question-generation tool produced positive outcomes for both students and 
instructors.  The benefits to the students were an increased comprehension of the course material and a 
novel method of interacting with other students.  These benefits were realized after only one use of the 
program; greater benefit would be expected if the collaboration tool were used repeatedly throughout a 
course.  The benefits to the instructor were the development of quality questions with minimal time 
investment and the opportunity to monitor topic comprehension by students.   
 
Technologies that encourage interactions between learners are a vital ingredient for increasing the 
effectiveness of DL.  By capitalizing on the natural advantages of quality learner-learner interactions, 
collaborations, and a learning environment that includes a question-generation strategy, the extent and 
depth of learning can substantially improve. 
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