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Table 3
Mean frequency {and standard deviation) of planning processes used over time, by condition
Time Condition
No scaffolding {n = 18) Concepieal scaffolding (n = 19)
Time i: Beginning of task 0.72 (0.76) 2.84 (2.06)
Time 2: 10 min into task G.67 (0.69) 23720
Time 3; 20 min into task (.56 (0.86) 1.53 (1.54)
Table 4
Mean frequency {and standard deviation} of strategies used over time, by condition
Time Condition
Neo Scaffolding {ir = 18) Conceptual Scaffolding (n=19)
Time I Beginning of task 7.06 (5.17) 9.16 (6.04)
Time 2: 10 min into task 3,17 (3.62) 8,00 (4.64)
Time 3: 20 min into task 5.67 (5.48) 705 (341

Learning strategies. The main effects and interactions for SRL processes related to
learning strategies were not significant (p > .05). See Table 4 for participants’ mean usc
of strategies processes over time, by condition.

Overall, results from these two research questions indicated that participants from both
conditions reported higher levels of self-efficacy immediately before the hypermedia learn-
ing task, and that they decreased their use of SRL processes related to monitoring as they
progressed through the hypermedia leamning task. In addition, resulis also indicated that
participants in the CS condition used, on average, more SRL processes related to planning
during the hypermedia learning task than participants in the NS condition.

4. Discussion

While previous research has highlighted the importance of measuring SRL in real time
(Perry et al., 2002), there has been limited empirical research examining when students use
SRL processes during learning with hypermedia (see Azevedo, 2005). Furthermore, the
studies that have used process data to measure SRL during learning have focused on cog-
nitive (e.g., prior knowledge activation) and metacognitive (e.g., feeling of knowing) pro-
cesses (Azevedo et al., 2005; Moos & Azevedo, 2006; Witherspoon et al, 2007).
Conversely, motivational processes in learning with hypermedia have received limited
empirical attention. As suggested by Mayer {2003), there is a need for scientific research
that examines processes involved in learning with CBLEs, including cognitive, metacogni-
tive, and motivational processes. This study assumes this line of research by examining
self-eflicacy, monitoring, planning, and learning strategies during learning with hyperme-
dia and the extent to which the provision of conceptual scaffolds affects these self-regula-
tory processes. The following sections first discuss each research question and then follow
with potential implications of these findings.

Research question one examined the relation between conceptual scaffolds and self-effi-
cacy during learning with hypermedia. Results from this research question provide data on
the fluctuation of self-efficacy during learning about a challenging topic with hypermedia.
Results indicated that that participants in both conditions reported significantly higher
levels of self-efficacy before the hypermedia learning task when compared to their self-effi-
cacy 10 min and 20 min into the hypermedia learning task. However, participants’ self-effi-
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cacy leveled off between 10 and 20 min as their reported self-efficacy did not significantly
differ between these times. In other words, participants’ self-efficacy, on average, fluctu-
ated and they reported their highest level of sclf-efficacy immediately before using the
hypermedia environment to learn about the circulatory system.

A closer examination of self-efficacy, as proposed by Bandura (1997), provides a possible
explanation of why participants in this study reported, on average, higher self-efficacy
immediately before the hypermedia learning task. In the case of this study, participants were
asked to learn about the circulatory system with a hypermedia environment. As such, fac-
tors influencing self-efficacy in this study may be derived from both the learning environ-
ment (hypermedia) and the domain (circulatory system). While learning about the
circulatory system may be perceived as manageable task, research has demonstrated that
learning with hypermedia requires complex cognitive and metacognitive processes related
to SRL. However, an understanding of the complex SRL processes needed to meet the
learning goal with hypermedia may not be fully realized until an individual is involved in
the learning task. Thus, the nature of the learning task in this study may have been mislead-
ing because complex cognitive processes are embedded in secemingly easy tasks (Bandura &
Schunk, 1981). In other words, participants may have initially attended to the overall learn-
ing goal (a relatively manageable task), and not the complex SRL processes needed to meet
this learning goal. However, once the participants began the learning task with the hyper-
media environment, the SRL processes necessary to meet the learning goal may have
become more apparent. This explanation may address why participants from both condi-
tions reported, on average, higher self-efficacy immediately before the hypermedia learning
task when compared to their reported self-efficacy during the hypermedia learning task.

Research question two examined the relation between conceptual scaffolds and use of
self-regulatory processes during learning with hypermedia. Results from this research
questions indicated that participants’ use of monitoring processes, regardless of condition,
significantly decreased as they progressed through the learning task. Monitoring processes,
such as feeling of knowing and judgment of learning, have been shown to be critical SRL
processes in learning with hypermedia (Azevedo & Cromley, 2004). However, results from
this study indicated that participants used fewer of these key processes as they progressed
through the hypermedia learning task. The muscle metaphor, as proposed by some SRL
researchers (Pintrich & Zusho, 2002), may explain these results. According to this meta-
phor of SRL, acts of volition and self-control, such as the use of SRL processes, require
a certain amount of self-control “strength” and this strength is limited. As such, the ability
to continually use SRL processes decreases over time, regardiess of the domain. Data from
this study partially supports this assertion as participants from both conditions used fewer
monitoring processes towards the end of the learning task, According to the muscle met-
aphor, the participants in this study were not able to sustain their use of monitoring pro-
cesses over the 30-min hypermedia learning task because SRL is a resource that depletes
over time. This SRL muscle metaphor is certainly interesting and continued research
which employs methodology that measures SRL during learning will further advance
our understanding of whether students do indeed have difficulty sustaining the use of cer-
tain SRL processes over time when learning with hypermedia.

Results also indicated that SRL processes related to the use of planning and monitoring
significantly differed between conditions. These results address the impact of conceptual scaf-
folds on SRL processes with hypermedia. Though examining the role of conceptual scaffolds
in learning with hypermedia has become a critical issue (Azevedo, 2005; Azevedo & Hadwin,
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2005; Pea, 2004; Puntambekar & Hubscher, 2005), empirical evidence of how scaffolds affect
learning with hypermedia has been slightly mixed. The results from this study indicated that
participants who received conceptual scaffolds during learning tended, on average, to use
more planning and monitoring processes. Examining the raw frequencies of the SRL pro-
cesses, by condition, sheds light on how participants from these two conditions differed in
their use of planning processes. As evidenced in Table 5, participants who received concep-
tual scaffolds tended, on average, to activate prior domain knowledge and recycle goals more
frequently than participants who did not receive conceptual scaffolds during the hypermedia
learning task. Given the nature of the conceptual scaffolds provided to the participantsin this
study, these findings are not surprising. Five guiding questions served as conceptual scaffolds
in this study, and these questions were designed so that each one fostered an increasingly
complex understanding of the circulatory system. In order to answer each increasingly com-
plex question, participants needed to recall what they had learned for the previous question.
Such an approach is consistent with the literature from elaborative interrogation (e.g., Mar-

Table 5

Total raw frequency of individual SRL processes used during learning, by condition
SRL processes No scatfolding (n = 18) Conceptual scaffolding (n=19)
Planning

Planaing 0 i
Prior domain knowledge activation 8 28
Recycle goal in working memory 8 64
Sub-goals 20 24
Total 36 117
Monitoring

Content evaluation (+} 7 22
Content evaluation (—} 17 30
Expecting adequacy (+) 8 i6
Expecting adequacy (—) 1 t
Feeling of knowing (+} 29 33
Feeling of knowing (-} 21 22
Judgment of learning (+) 3 1
Judgment of learning (—) 0 i2
Monitoring progress toward goals 6 i9
Monitor use of strategies 3 4
Time monitoring 3 8
Total 118 178
Learning strategies

Coordinating informational sousces 6 4
Drraw 4 4
Free search 9 21
Goal-directed search 13 19
Inferences 3 i1
Knowiledge elaboration 3 i1
Memorization 2 7
Read notes 9 30
Re-reading 54 39
Self-test 0 4
Summarization 50 107
Taking notes 131 {46

Total 537 584
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tin & Pressley, 1991}, This line of research indicates that asking students higher-ordered ques-
tions allow them to anchor newly acquired knowledge in prior knowledge. As suggested by
Willoughby and Wood (1994, p. 139), conceptual scaffolds that ask students increasingly
higher-ordered questions allow them “to connect new information in their own richly devel-
oped knowledge base.”” Data from research question two supports this assertion as partici-
pants from the C8 condition tended to activate their prior domain knowledge frequently
which may have allowed them to answer increasingly higher-ordered questions as they pro-
gressed through the learning task.

4.1. Implications

In addition to potentially offering contributions to the scientific community, this study
also potentially offers educational implications. Resulis from previous research on how
students self-regulate their learning has provided rich and valuable data that has advanced
our understanding of the complex processes involved in learning with hypermedia. From
this line of research, researchers have been able to determine what SRL processes are
related to learning with hypermedia. However, in order to address difficulties students
may face when {rying to self-regulate their learning with hypermedia, it is critical to also
understand when students use SRL processes during learning. This study is able to poten-
tially address this issue through a relatively unigue methodological approach that allowed
for the examination of how SRL processes fluctuate. Results indicated that participants
from both conditions decreased their use of monitoring processes as they progressed
through the learning task. This finding raises important implications because it suggests
that students may need assistance in the process of monitoring their learning with hyper-
media, especially as they near the end of a hypermedia learning task.

However, while students tended to decrease their use of monitoring processes during
learning, there was not a significant decrease in their use of strategies. A closer examina-
tion of the frequencies in which participants used specific strategies provides important
implications. Seventy-cight percent of the total SRL codes were related to strategies, while
17% were related to monitoring processes, and only 5% were related to planning processes
for participants in the NS condition. Similarly, the majority of the total SRL codes were
related to strategies (67%), while 20% were related to monitoring processes, and 13% were
related to planning processes for participants in the CS condition. Clearly, participants
from both conditions more frequently relied on learning strategies, as opposed to monitor-
ing and/or planning processes. However, the vast majority of these learning strategies are
considered “low-level” because they have been shown to be related to surface-level pro-
cessing {Alexander, Jetton, & Kulikowich, 1593). In particular, 43% of the coded learning
strategies were re-reading, summarization, or note-taking for participants in the NS con-
dition. Similarly, 53% of the coded learning strategies were re-reading, summarization, or
note-taking for participants in the CS condition. While students heavily relied on these
learning strategies, other “higher-order™ learning strategies were used much less fre-
quently. For example, research has empirically demonstrated that the use of inferences
is strongly related to learning challenging topics, especially science-related topics (McNa-
mara, 2004). However, inferences only accounted for a mere 1% of the learning strategy
codes for participants in the NS condition, and only 2% of the learning strategy codes
for the participants in the C8 condition. These data suggest that while students may rely
on learning strategies during learning with hypermedia, the variety is quite limited.
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4.2. Future directions

Though this study provides data on processes related to learning with hypermedia,
future research could extend this line of research to further our theoretical understanding.
In particular, it has been suggested that there is a need for more research that uses process
data to examine learning in real time (¢.g., Azevedo, Cromiey, et al., 2004; Azevedo, Guth-
rie, et al., 2004; Moos & Azevedo, 2006; Winne & Perry, 2000}. As such, this study
attempted to address this issue by using think-aloud protocols and self-report measures
during learning. However, this study did not also include a posttest measure, and thus
the data do not provide evidence on learning outcomes. As other lines of research have
demonstrated, examining the relationships between processes of learning and learning out-
comes with hypermedia offer a more comprehensive picture of the complexities of learning
in this type of environment (¢.g., see Azevedo et al., 2003). As such, we propose that a
fruitful direction for future research is to examine the relationship between the fluctuation
of processes during learning and learning outcomes with hypermedia.

4.3, Limitations

There are several limitations that need to be addressed. First, the results may be unigue
to the particular sample group of this study. While there was variability in the use of SRL
processes with this sample of undergraduates, research has demonstrated developmental
issues in both cognitive and metacognitive processes related to SRL. For example, elemen-
tary and middle school students may have limited capacity to self-regulate their learning
(Pintrich & Zushe, 2002), particularly when asked to learn about a challenging topic such
as the circulatory system. As such, it is currently unknown whether the results from this
study would generalize to younger students. Future research is needed that examines
the extent to which younger students use SRL processes during learning, and whether their
use of these processes fluctuates. Furthermore, the limitations of the relatively small sam-
ple size need to be noted. The time intensive nature of the data collection and analyses
resulted in this sample size. Cur sample size was limited to 37 participants because the data
collection and analyses for each participant took approximately five hours. Despite the
small sample size, this study produced rich data. However, the small sample raises some
concern regarding the extent to which these results can be generalized. This limitation
can be addressed with future research that increases the sample size,

Additionally, though this study examines the theoretically grounded construct of self-
ctficacy, there are certainly other constructs of motivation that warrant consideration in
the field of learning with hypermedia (e.g., goal orientation; see Moos & Azevedo,
2006). This study does not offer a comprehensive examination of motivation constructs
and learning with hypermedia. The limited approach of this study could be addressed in
future research that considers whether other motivation constructs fluctuate in the absence
and presence of conceptual scaffolds during learning with hypermedia.
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Appendix A, Self-efficacy scale used in the study (based on Pintrich et al., 1991)

Pre-task Questionnaire
The following questions ask about your motivation for and attitudes about this learn-
ing task. Remember there are no right or wrong answers, just answer as accurately as pos-
sible. Use the scale below to answer the questions. If you think the statement is very true of
you, circle 7; if a statement is not at all true of you, circle 1. If a statement if more or less
true of you, find the number between 1 and 7 that best describes you,

I 2 3 4 5 6 7
not at all very true
true of me of me
1. I believe I will receive an excellent score on 1 2 3 4 5 6 7

the posttest after learning about the circulatory system
with this computer program.

2. I'm certain [ can understand difficult 1 2 3 4 5 6 7
material about the circulatory system presented
in this computer program.

3. I’m confident [ can understand basic concepts 1 2 3 4 5 6 7
about the circulatory system presented in this
computer program.

4. I’'m confident I can understand the most complex 1 2 3 4 5 6 7
material about the circulatory system presented in
this computer program.

5. I’'mconfident I can do an excellent job in meeting the 1 2 3 4 5 6 7
goal for this task of learning about the circulatory
systen.

6. Iexpect to do well learning about the circulatory system 1 2 3 4 5 6 7

with this computer program.

7. I'm certain I can master the material on the circulatorysystem 1 2 3 4 5 6 7
presented in this computer program.

8. Considering the difficulty of the material on the 1 2 3 4 5 6 7
circulatory system, the computer program, and my skills,
I think I will do well.
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