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Abstract: Research on Self-Regulated Learning (SRL) in hypermedia-learning environments 

revealed that students are unable to engage in effective use of SRL, which have important 

implications for designing hypermedia-learning environments. 60 undergraduate students 

interacted with MetaTutor, an intelligent, multi-agent hypermedia-learning environment, with 
the overall goal of learning about the human circulatory system. There are two experimental 

conditions; prompt and feedback and control. We investigated if there were significant 

differences on the performance on and use of sub goals among the different experimental 

conditions. Results indicated significant differences between experimental conditions, such 

that participants in the prompt and feedback condition had higher sub goal quiz scores, spent 

more time engaging in each sub goal, had larger page relevant ratios, and had lower irrelevant 

page ratios, compared to participants in the control condition. These results suggest the 

importance of scaffolding in promoting the effective use of SRL strategies while interacting 

with a hypermedia-learning environment.  

Introduction 
Self-Regulated Learning (SRL) research has investigated students’ use of Cognitive, Affective, Metacognitive, 

and Motivational (CAMM) processes as they interact with hypermedia-learning environments (e.g., Azevedo et 

al., 2013, Kinnebrew et al., 2013; Lester et al., 2013). According to Winne and Hadwin’s (1998) model, 

learning occurs through different cyclical phases, during each of which information processing occurs. 

Unfortunately, students typically do not regulate their learning and therefore several researchers have 

incorporated Pedagogical Agents (PAs) to model and scaffold self-regulatory processes in Computer-Based 

Learning Environments (CBLEs). Research has investigated how effective the agents are in fostering effective 

learning (Veletsianos & Russell, 2014). Such research has examined agent aesthetics (Mayer & DaPra, 2012) 
and agent presence (Park & Catrambone, 2007), with respect to learning; and the influence of PAs on learning 

and motivation (Baylor, 2009), but has not investigated how Pedagogical Agents can influence students’ 

engagement in self-regulated learning processes and activities, such as goal-setting, taking quizzes, and visiting 

content, which is relevant to the current sub-goal being worked on.   

This study investigated how students completed their sub-goals in order to complete the learning 

session with MetaTutor, a hypermedia-learning environment. More specifically, we investigated if there were 

significant differences in students’ performance on sub-goal quizzes, time spent on sub-goals, and navigation to 

relevant and irrelevant pages to the particular sub-goal, among experimental conditions, which differ on the 

feedback provided form the PAs. We expected that: (1) participants in the prompt and feedback condition would 

obtain significantly higher sub-goal quiz scores than participants in the control condition; (2) participants in the 

prompt and feedback condition would spend significantly more time engaging in each of their sub goals than 
participants in the control condition; and (3) participants in the prompt and feedback condition would have 

significantly higher relevant page ratios and significantly lower irrelevant page ratios than participants in the 

control condition.  

Methods 

Participants 
Sixty undergraduate students (60% female) from two large universities in North America participated in this 

study. Participant ages ranged from 18-38 years old; M = 21.3, SD = 2.66. They were compensated with $10 per 

hour for their participation, up to a total of $40.  

Research Design 
This study was conducted with an experimental design; participants were randomly assigned either to the 

prompt and feedback condition (n = 29) or control condition (n = 31). These conditions vary with respect to the 

role of the Pedagogical Agents (PAs) in the system. Briefly, in the prompt and feedback condition, students are 

provided with scaffolding from the PAs, who prompt students to engage in several cognitive (e.g., Taking 

Notes, Summarizing, and Prior Knowledge Activation) and metacognitive (e.g., Judgment of Learning, Feeling 
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based on performance on all of these aspects. If we were to design adaptive multi-agent hypermedia systems, 

this would allow for us to cater to individual students’ learning needs, and will promote optimal self-regulated 

learning when interacting with CBLEs.  

Overall, results from this study indicated that there is support for incorporating Pedagogical Agents in 

hypermedia-learning environments, as well as having students set sub-goals to work on as they navigate through 

the system. The PAs can be an important asset to include in Computer-Based Learning Environments because 
they have been shown to be effective in providing prompts, scaffolds, and feedback, which have assisted 

learners in obtaining higher mean sub-goal quiz scores, spending more valuable time accomplishing sub-goals, 

visiting more pages, which were relevant to their sub-goals, and visiting fewer pages, which were irrelevant to 

their sub-goals, compared to students who were not provided with this assistance from the PAs. Therefore, the 

PAs were effective in fostering and promoting effective completion of sub-goals, and thus effective self-

regulated learning. It is advantageous, therefore, to maintain two experimental conditions in our set-up, in order 

to compare and determine how students interact with the PAs the most effectively. In addition, the results 

confirmed that setting sub-goals can be a useful tool for learning, and that when students are scaffolded 

appropriately, they can make effective use in completing the sub-goals they set.  
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