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Abstract. We used a false biofeedback methodology to investigate interactions among learners’ affective states, metacognitive processes, and learning outcomes during multimedia learning. False-biofeedback is a method to induce physiological arousal (and resultant emotions) by presenting learners with audio stimuli of false heartbeats that are either accelerated, baseline, or control (no heartbeat). A path analysis indicated that the most complex relationships among affective states, metacognitive processes, and learning outcomes occurred when learners were presented with accelerated biofeedback. We discuss the implications of our findings for the development of ITSs that are sensitive to the complex relationship among these key processes. Keywords: emotion, self-regulated learning, metacognition
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Introduction



Middle school and high school can be challenging for many young learners. This is in part because they are required to learn about conceptually-rich domains such as physics, ecology, chemistry, and biology. These challenging domains have the potential to elicit a host of negative emotions that may interfere with learners’ ability to effectively regulate their learning. While many conceptual models of self-regulated learning (SRL) focus on learners’ use of cognitive and metacognitive strategies to regulate their learning [1,2] the majority of these models do not adequately consider the role of emotion in self-regulation during multimedia learning. In order to examine these relationships in a controlled setting, we used a false-biofeedback methodology [3] to induce physiological arousal (and resultant emotions) by presenting learners with audio stimuli of false heartbeats (accelerated and baseline). In some trials we presented learners with no stimulus; these served as control trials. Our purpose for using this methodology, rather than examining emotions as they naturally arose, is that emotions that arise spontaneously during learning are often highly transient, which makes them adfa, p. 1, 2011. © Springer-Verlag Berlin Heidelberg 2011



difficult to study. Therefore, our goal was to use a precise, experimentally controlled method for inducing affect in order to better uncover relationships among affect, metacognition, and learning. In this paper, we use a path analysis approach to uncover the links among affect, metacognition, and performance across the three false biofeedback conditions. The broader goal is apply knowledge gained about these complex relationships towards the design of more effective intelligent tutoring systems.
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Method



2.1



Participants



Fifty undergraduate students from a southern public college in the U.S. participated in this experiment. The participants’ mean age was 23.3 years (SD = 7.13), and there were 34 females (68%) in the sample. There were 54% Caucasians, 44% African Americans, and 2% Latino. All participants received $20 for participating in the experiment. 2.2



Stimuli and Software



A self-paced multimedia learning environment that comprised 24 slides about the human circulatory system was presented via a computer interface. The interface was configured to deliver content, present comprehension questions, record responses to these questions, obtain self-reports on participants’ metacognitive judgments, and monitor response times. A Reebok Fit Watch 10s strapless heart rate monitor was worn on participants’ non-dominant wrist. This heart rate monitor is typically used to detect and display the wearer’s current heart rate. However, because previously-recorded baseline and accelerated heart rates were presented to participants (rather than their own heart rate), this function was not used for this experiment. The two auditory stimuli (baseline and accelerated heart rates) were presented binaurally through headphones. These stimuli began playing when participants opened a content slide and played continuously until participants navigated away from the slide. During baseline trials, participants heard a recording of a resting human heart beat (approximately 70 BPM), and during arousal trials, they heard a recording of a human heart beat at an accelerated rate (approximately 100 BPM). During control trials, no auditory stimulus was presented. We used a within-subjects design, and randomly presented eight slides per biofeedback condition (accelerated, baseline, control). The presentation of these stimuli was counterbalanced across participants. 2.3



Materials and Procedure



The materials for this experiment were a consent form, a demographic questionnaire, and the Affect Grid. The Affect Grid [4] is a single item affect measurement instru-



ment consisting of a 9 × 9 (valence × arousal) grid; these are the primary dimensions that underlie affective experience. The learning session proceeded over 24 trials, with each trial consisting of multiple steps. First, participants viewed either a text based question inference question related to the content. After reading the question, participants were asked to indicate how easily they could learn the material by making an ease of learning (EOL) judgment. Next, participants had as much time as necessary to read the content slide. Upon opening the content slide, the learning environment presented either accelerated, baseline, or no biofeedback through participants’ headphones. When participants navigated to the next slide, they were prompted to indicate how well they understood what they had just read by making a judgment of learning (JOL). Following the JOL prompt, the text based or inference question was presented again and participants were prompted to answer the question by selecting from one of four multiple choice foils. Next, participants were prompted to indicate how accurate they thought their answer was by making a retrospective confidence judgment (RCJ). For the final step in each trial, participants were prompted to self-report their current level of valence and arousal on the Affect Grid. The completion of the Affect Grid marked the end of one trial. This multi-step process occurred for all 24 trials within the self-paced learning session.
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Predictions, Results, and Discussion



3.1



Predicted links between affect, metacognition, and performance



We developed a model (see Fig. 1A) that is grounded in theories of affect [5,6] and a leading model of SRL that emphasizes cognitive processes and metacognitive monitoring and control [2]. The link from arousal to valence (Link 1), indicates that learners’ level of arousal influences the kinds of positively or negatively valenced emotions they experience. An extensive body of research indicates that arousal is predictive of performance outcomes [7]. There is presumably an optimal level of physiological arousal which enhances performance (for example, the kind of arousal that leads to engagement or interest but not intense anxiety). Although it is unclear exactly what the optimal level of arousal is, our model predicts a significant relationship between the intensity of learners’ arousal and their overall learning performance (Link 2). When arousal is moderate, valence is expected to be predictive of learning by affecting learners’ metacognitive processes (Link 3). For example, perhaps negative emotions like frustration or confusion lead to decreased confidence in learning when learners attribute those negative emotions to their inability to understand the material. Thus, our model proposes a link between valence and judgments of learning. The remaining links in our proposed model stem directly from theoretical and empirical research on the complex processes of self-regulated learning [2,8,9]. First, we predict a significant relationship between learners’ EOLs and JOLs. Specifically, because learners should use previous metacognitive judgments (EOLs) to inform



future metacognitive judgments (JOLs), we predict that learners who perceive a topic to be particularly difficult to learn will also report less understanding of that topic, and vice versa (Link 4). Learners’ JOLs are typically predictive of overall learning performance [1,9], so our model includes a link between learners’ JOLs and learning performance (Link 5). Lastly, we predict that performance will predict learners’ RCJs. This prediction is based on the assumption that self-regulation is a constant and active process in which learners assess their understanding and performance and making the necessary adjustments though the use of control processes. As such, we predict that learners will accurately assess the correctness of their responses to questions about the material and will use that assessment when they make their retrospective confidence judgments (Link 6). The model was tested with a series of multiple regression analyses aimed at uncovering links between arousal, valence, EOLs, JOLs, RCJs, and performance. Six separate models were constructed for the accelerated, baseline, or no biofeedback conditions across text based and inference questions. However, interesting patterns only emerged when participants had to answer challenging inference questions, so the text-based models will not be discussed here. In the following section we will report only models and coefficients that were significant (p < .05) or marginally significant (p < .10). 3.2



Results



Control trials, in which participants received no false biofeedback, were the most similar to typical learning episodes since there was no experimental manipulation of emotion. As predicted, we found that EOLs predicted JOLs (β = 0.77), which in turn predicted performance (β = 0.42) (see Fig. 1B). However, we failed to find a significant link between performance and RCJs, demonstrating that participants were poor judges of their own performance when they received no biofeedback. We found no significant links between participants’ affective processes (valence and arousal) and metacognitive processes and performance in the control condition. Overall, the resulting model for control trials suggests that participants did not experience affective states that were salient enough to impact metacognitive processes and performance. We found a similar pattern in the baseline model, but with one important difference. Once again, we found that EOLs significantly predicted JOLs (β = 0.81), which in turn predicted performance (β = 0.31) (see Fig. 1C). We also found that during baseline trials participants’ performance was predictive of their RCJs (β = 0.45). This is interesting, as it demonstrates that presenting baseline biofeedback increased participants’ metacognitive awareness of their own learning. However, in contrast to the predicted model, we failed to find significant links among valence, arousal, JOLs, and performance. The accelerated model was most closely aligned with our predicted model. As with the baseline model, there were significant links between EOLs and JOLs (β = 0.71), JOLs and performance (β = 0.66), and performance and RCJs (β = 0.65) (see Fig. 1D). Most importantly, the accelerated model yielded a significant positive link



between valence and JOLs (β = 0.13), demonstrating that participants who experienced more positively valenced emotions while receiving accelerated biofeedback made more accurate judgments of their understanding of the material. Interestingly, however, we failed to find a significant link between arousal and valence or between arousal and any metacognitive or cognitive processes. EOL 3
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Fig. 1. Theoretical model of links between affect, metacognition, and performance
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Discussion



In this experiment, we proposed and validated a model which integrated affect, metacognition, and performance during learning. We found that there are distinct models of the relationship among these processes that emerge across different levels of arousal induced by false biofeedback. These results emphasize the need for ITSs to be sensitive to the complex relationship among affect, metacognition, and learning. For example, ITSs that use pedagogical agents to scaffold learners’ understanding of complex science topics might benefit from the use of physiological and bodily measures which can detect shifts in learners’ emotional and motivational states in real-time. If a learner shifts to a negative emotional state (i.e., stress, boredom), a system which is sensitive to these shifts could help learners transition out of these emotional states by modeling, prompting, and scaffolding appropriate self-regulatory processes. In conclusion, there is a need for more empirically-driven research directed toward understanding of the role of emotion, metacognition, and performance during multimedia learning. As theoretical, conceptual, and educational implications and methodological techniques are improved, the elusive role of emotion may be disambiguated,



leading researchers to more fully understand the consequences of emotion on learning, and to develop ITSs that effectively coordinate learners’ cognitive and emotional states.
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