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Abstract 
Learning environments commonly offer aids to address learners’ lack of knowledge or skills. However, learners are not 
or sub-optimally using these aids when these are non-embedded or segregated (Aleven, Stahl, Schworm, Fischer, & 
Wallace, 2003; Clarebout& Elen, 2006). This lack of optimal usage has been related to variables as self-regulation and 
prior knowledge (e.g., Hill &Hannafin, 2001; Land, 2000). Given this relationshipbetween learning aid usage and prior 
knowledge and self-regulation, we focused in this study upon the interaction between these two learner variables and the 
embeddedness of learning aids (embedded – segregated). Fifty-seven university students randomly assigned to two 
conditions participated. Results indicate that segregating learning aids is beneficial for learners with high prior 
knowledge and low self-regulation skills, as well as for learners with low prior knowledge and high self-regulation skills. 
This result reveals the compensatory relationship between domain-specific prior knowledge and domain-general 
regulation skills. 
Keywords: Learning aids, Self-regulation, Prior knowledge, Instructional design 
1. Introduction 
Learning environments often provide a large amount of control to the learners, including control over the use of learning 
aids. These learning aids comprise all supportive elements in a learning environment that may compensate for learners’ 
lack of prior knowledge, cognitive and metacognitive skills. However, research reveals that the use of these learning aids 
is often problematic: learners do not, or sub-optimally, utilize the different learning aids offered to them (Aleven, Stahl, 
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Schworm, Fischer, & Wallace, 2003; Clarebout& Elen, 2006; Horz, Winter, & Fries, 2009). This finding corresponds to 
the findings of Perkins (1985), namely that learners do not automatically take up the learning opportunities (in this case. 
learning aids) offered to them. While one could argue from an instructional design perspective then not to provide 
learner control on the use of learning aids, this seems to be a more complex issue.  
Different arguments can be put forward over whether to provide this control to learners: First, providing learner control 
is likely to increase learners’ motivation due to a perceived higher self-efficacy during learning and hence may lead to 
increased learning gains (Williams, 1996). A second argument is that learner control, provides an opportunity to create 
an adaptive learning environment,in which learners only receive the amount of support they actually need. The latter 
argument assumes that learners can decide for themselves which elements in a learner environment are useful (or not) to 
their learning, and consequently use the learning aids that compensate for a self-identified deficiency in knowledge or 
skills. Third, and perhaps a very simple reason to provide control to learners, is that the designer is not 100% sure of the 
functionality of the elements (including learning aids) in a learning environment. It may be unclear, for instance, whether 
the use of the learning aid is actually beneficial to learning (Elen &Clarebout, 2006). Additionally, even when 
embedding a potentially functional learning aid, it is not guaranteed that learners will use it in an optimal or adequate 
way. For example, Greene and Land (2000) revealed that an obligatory reflection aid was mainly used for listing the 
websites students had visited during their learning task, rather than for writing their reflections on their problem solving 
process. A fourth reason, and probably a more common one to provide learning control over learning aids than the third, 
is that most learning environments are not designed for one particular learner, but for a group of learners in which some 
may require additional support, and others not. When the learning aids are embedded, all students will use them. 
Providing control to the learner eradicates the possibility that those learners who do not need the learning aids may be 
hampered in such learning environments. Too much support may also be detrimental (Clark, 1990). A reason for the 
hampering effect of learning aids upon some learners may be that the content provided by the learning aids is redundant 
tothe learners’ prior knowledge. A well-studied illustration of this kind of information redundancy is known as the 
expertise reversal effect (Kalyuga, Chandler, &Sweller, 2000). If learners have high prior knowledge, they frequently do 
not require the additional information provided by learning aids. In this case, including learning aids means adding 
unneeded information. The processing of this unneeded information requires additional cognitive processes devoid of 
any further learning outcomes; thus, the learner loses time and expends mental effort processing redundant information 
provided by learning aids. Therefore, it is reasonable to predict that learners with higher expertise will perform better 
without learning aids, while those with lower expertise will perform better with embedded learning aids. This expertise 
reversal effect shows the complex relationship between learner variables and learning aid usage.  
Evidence on the interaction between prior knowledge and specific instructional interventions can, for instance, be found 
in research on the effect of text coherence, concept maps, or text structure. McNamara, Kintsch, Butler-Songer and 
Kintsch (1996) found that low knowledge readers learn more from a highly-coherent text, while high knowledge 
learners benefit more from a low-coherent text. Gurlitt and Renkl’s study (2008) reveals an interaction effect between 
prior knowledge and the type of prior knowledge activation a concept map provided. Students with a greater learning 
experience (from a higher educational level) benefited more from low-coherent prior knowledge activation, while 
participants with lesser learning experiences (lower educational level) benefited more from highly-coherent prior 
knowledge activation. Similarly, Potelle and Rouet (2003) showed that the kind of additional structure (hierarchical, 
network or alphabetical) in a hypertext has positive effects for low prior knowledge learners while no effect is found for 
high prior knowledge learners. Interestingly, Schnotz and Heiss (2009) reveal that high prior knowledge learners benefit 
more from adequate scaffold use in a hypertext environment than low prior knowledge students. The scaffolds in this 
study were semantic scaffolds including an epitome as pre-organizer, learning objectives and problem-oriented questions. 
Similar results are retrieved in an experiment with a complex authentic learning environment (Horz et al., 2009): 
learners with lower prior knowledge are not able to use learning aids sufficiently, in contrast to learners with higher prior 
knowledge. Here, additional learning aids led to too high cognitive demands for learners with lower prior knowledge. It 
appears that in complex learning environments, learners with low prior knowledge are unable to cope with the additional 
processing the scaffolds demand. However, it should be noted that the types of learning aids focused upon differ 
between the studies mentioned above, and that some studies reveal that the nature of the learning aid itself may also 
influence the usage of learning aids (e.g., Martens, Valcke, &Portier, 1998).  
In sum, the interaction between learning aid usage and prior knowledge seems to be complex. On the one hand, learning 
aid usage may differ dependent on students’ prior knowledge, and may even cause a mathemathantic effect. On the other 
hand, it seems that –at least in a complex learning environment- students need to have attained a certain amount of prior 
knowledge to allow them to use the provided learning aids adequately.  
Not only has prior knowledge been identified as an important variable in learning aid usage, but also self-regulation. 
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Numerous authors (e.g., Greene &Azevedo, 2007; Horz et al., 2009; Winne& Jamieson-Noel, 2002) indicate that 
self-regulation is a variable that determines to what extent learners are capable of monitoring and controlling their 
learning process. This also includes the capability to determine when they need support, i.e. when the use of a learning 
aid would be helpful. A number of studies consequently addressed self-regulation as the characteristic to be supported 
(e.g. Narciss, Proske, &Koerndle, 2008; Winters, Greene, &Costich, 2008). The relationship between self-regulation and 
the use of learning aids, however, has not yet been studied. In other words, while self-regulation is often mentioned as a 
variable explaining the (lack of) use of learning aids, and that the support offered by the learning aids is often directed so 
as to compensate for a lack of self-regulation, the relationship itself has hardly been studied.  
Moreover, the relationship between prior knowledge and self-regulation is not clearly clarified in literature. When 
discussing the use of specific affordances in learning environments, prior knowledge and self-regulation seem to be 
highly interrelated, rather than clearly distinguishable concepts. For instance, Shapiro (2008) indicates that a hypermedia 
system encourages learners to exercise their self-regulation skills, but that low prior knowledge students have difficulties 
in meeting the learning goals unless structure is imposed. Shapiro concludes that the effectiveness of the structure is 
mediated by learners’ prior knowledge. It appears that in Shapiro’s study self-regulation and prior knowledge are almost 
used as interchangeable concepts. 
The literature cited above clearly indicates that prior knowledge and self-regulation may interact with the use ofelements 
of a learning environment. However, it remains unclear as to how learning aids should be offered to learners. While 
Azevedo and Jacobson (2008) conclude in their special issue that when and how to scaffold relates to whether the 
scaffolding is always, selectively or adaptively available, no indication is given as to what would be the best decision for 
a designer. Should we induce learners to use learning aids (scaffolds) and risk that high prior knowledge and high 
self-regulation learners are hampered in their learning process, or is it more advisable to leave the option to the learner, 
and risk that low prior knowledge and low self-regulation learners do not get the support they require? 
This contribution aims to enhance our understanding of the interrelationships between prior knowledge, self-regulation 
and the use of learning aids in low-complexity learning environments (contrary to the complex learning environment in 
the 2009 study of Schnotz and Heiss, for instance). We hypothesize that for high prior knowledge and highly 
self-regulated learners, embedding the learning aids - and hence inducing learners to use the devices - will not contribute 
to, or even hamper, their learning, whereas for low self-regulated and low prior knowledge students, not embedding the 
support device - and hence leaving the decision of use to the learners - will negatively affect their learning. Consequently, 
this study aims to reveal interaction effects; rather than main effects. 
2. Method 
2.1 Participants 
Participants were 57 students from a German university, randomly assigned to two conditions. On average participants 
were 22.45 years old (sd = 3.70), and were mainly psychology and educational sciences students, recruited through 
flyers in the university buildings. Thirteenmale and 47 female students participated. Students received either 10 Euros 
for participation or a study related credit.  
2.2 Design, Instrumentation and Procedure 
Acomputer based learning environment was designed to test our hypotheses. The learning environment consisted of a 
scientific text on obesity (translated from Dutch to German: Nederkoorn, Guerrieri, & Jansen, 2006) presented on a 
computer screen. Three learning aids were integrated in the learning environment in the EA (embedded aids) condition, 
and three aids were added to the environment in the SA(segregated aids)condition. These aids all helped students with 
the interpretation of graphics in the text. In the EAcondition,all students received additional information on the 
interpretation of the graphic, while in the SAcondition students had to actively request this information by clicking a 
button. This button gave access to the same information as in the EA-condition.The learning aid explained a specific 
graphic by pointing to relevant points and by adding text boxes with an interpretation for these relevant points (Figure 
1).  

< Figure 1 about here> 
Additionally, general information (not specified to the graphic at hand) on how to interpret graphics was given. It was 
opted to include only one type of learning aid to avoid effects caused by the type of aid present.  
Independent variables were condition, prior knowledge and self-regulation. Prior knowledge was measured with a 
pre-test. This test consisted of 10 items (e.g., What does inhibitory control mean?) constructed by two researchers and 
employed in previous studies (Clarebout& Elen, 2009). 
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In order to group students by high and low prior knowledge, we relied upon the four items relating to interpreting 
graphics from the pre-test, since this is the knowledge that the aids compensate for. Students were grouped in high and 
low prior graph knowledge groups separated by the 50thpercentile score. 
Self-regulation was measured through the LIST-questionnaire (Wild, 2000; Wild &Schiefele, 1994). All selected items 
(N=48) from this questionnaire are applicable to studying learning materials individually, which was the experimental 
task (e.g., ‘I make a list of subject specific expressions and difficult words’, ‘The materials I just read are the starting 
point for my own thoughts’). Items that were left out related to discussing study material with others or to the context 
(e.g., ‘In order to study I remain in the same place’), since this was not applicable to the task participants were required 
to undertake. This meant that (a) the entire organization and elaboration scales were used, (b) one item was dropped 
from the critical thinking and memorizing scales (‘I read my notes regularly’), (c) two items were dropped from the 
metacognitive strategies scale (e.g., ‘I fix on the beforehand how far I should come with studying the learning material’); 
and (d) two items of the effort scale were included. Students responded to these statements by indicating to what extent 
the statement applied to them on a Likert-type scale from 1 (totally applicable) to 6 (not at all applicable). To group 
learners into high and low self-regulators, we classified each learner for each scale based around the 50thpercentile score. 
Students were either identified as below the 50th percentile or above for each scale. In order to be classified as high 
self-regulators, learners should have at least scored above the 50thpercentile for three scales out of six. Otherwise, they 
were classified as low self-regulators. 
The dependent variable was learning gainsmeasured through the subtraction of the pre-test score from the post-test score. 
The post-test itself consisted of 15 questions and was also constructed by two researchers and pre-tested in previous 
studies (Clarebout& Elen, 2009).  
The following procedure was used: Participants entered the computer room in groups of eight. They were asked to sit in 
front of a computer and were welcomed. Students were then asked to log in to the computer and to read a short 
newspaper article on obesity to activate their prior knowledge. After that, the pre-test and the LIST-questionnaire were 
administered. Next, students had 30 minutes to read the text on obesity after which they received the post-test. In total 
the session took 90 minutes. 
To analyse the results, first reliability analyses were performed on the different instruments. For the pre- and post-test a 
Kruder-Richardson 20 was calculated,given that the items were scored either as correct(1) or incorrect (0), and no equal 
difficulty level was assumed between the items (Fraenkel&Wallen, 2003). For the LIST-questionnaire, the Cronbach 
alpha values were calculated for the different scales. Second, an ANOVA was performed to see whether the two groups 
were equal for prior (graph) knowledge. Next, we performed a 2x2x2 ANOVA with prior graph knowledge (high-low), 
self-regulation (high-low) and condition (SA-EA) as independent variables and learning gains as dependent variables. 
For all performed ANOVAs, normality was checked of the dependent variable (skewness and Kurtosis), and Levene’s 
test was performed to check for equality of the error variances.  
3. Results 
Reliability for the pre- and post-test was respectively; K-R20= .71 and .77. For the different scales of the 
LIST-questionnaire Cronbach's alphas between .73 and .84 were obtained. Consequently, all scales were included to 
classify students as high or low self-regulators.  
All continuous variables were normally distributed (skewness and Kurtosis <1.00), and the Levene’s tests showed for 
none of the performed ANOVA’s a problem with unequal error variances (p>.05).  
No differences were found between the two groups for prior graph knowledge, F(1,59)= .97; p= .76, nor for overall prior 
knowledge, F(1,59)=.08, p=.76.  
Although the main interest of this study is situated on the level of the interaction effect, the main effects are first briefly 
discussed.  
The results reveal a large main effect of prior graphknowledge, F(1,56)=8.29, p<.01, η²=.15 and condition F(1,55)=7.63, 
p<.01, η²=.14, and a moderate main effect of self-regulation, F(1,55)=3.98, p =.05, η²=.08 on learning outcomes. 
Results (Table 1) show that overall low prior knowledge participants had significantly larger learning gains than 
participants with high prior knowledge. A similar difference was found for self-regulation: participants with low 
self-regulation showed significant higher learning gains than participants with high self-regulation. With respect to 
condition, it was found that overall participants in the SA-condition showed larger learning gains than participants in the 
EA-condition. 

< Table 1 about here> 
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More pertinent to our research question are the retrieved interaction effects. A first large interaction effect was found 
between self-regulation and prior graph knowledge, F(1,55)=7.21, p=.01, η²= .13. Participants with low self-regulation 
and high prior graph knowledge have significant lower learning gains (M=-.18, sd=3.74) compared to participants with 
low self-regulation and low prior graph knowledge (M=2.63, sd=3.08).It even seems that the low self-regulation and 
high prior graph knowledge learners do not show any learning gains. No significant difference was found for 
participants with high self-regulation and low or high prior graph knowledge. Both of these groups differed significantly 
from the high prior knowledge and low self-regulation group (Figure 2). 

< Figure 2 about here> 
No significant two-way interaction effect was found between prior graph knowledge and condition, or between 
self-regulation and condition.  
However, a significant three-way interaction effect was found between self-regulation, prior graph knowledge and 
condition upon learning gains, F(1,55)=6.70, p=.01, η²=.12. The results reveal that participants with low prior 
knowledge and high self-regulation have significant higher learning gains in the SA-condition (M=3.50, sd=1.78) than in 
the EA-condition (M=.63, sd=2.56). Similarly, participants with high prior knowledge and low self-regulation perform 
significantly worse in the EA-condition (M=-5.75, sd=5.75), than in the SA-condition (M=1.06, sd=2.48). In this 
scenario, integration of the aids led to detrimental effects on learning. For participants with high prior knowledge and 
high self-regulation, or with low prior knowledge and low self-regulation, the two conditions lead to similar learning 
gains (Figures 3&4). 

< Figures 3&4 about here> 
4. Discussion and Conclusion 
This study addressed the effect of integrating learning aids into a learning environment upon learning gains. 
Self-regulation and prior knowledge were considered as variables that may cause an interaction effect. The results 
revealed some main effect of self-regulation, condition and prior graph knowledge. Overall, such a learning environment 
was found to be most beneficial for low prior knowledge and low self-regulation learners. Concerning the main effect of 
condition it was found that segregated aids led to higher learning gains. This may be explained by the way in which 
students used the learning aids. A previous study (Clarebout, Horz, Schnotz & Elen, 2010) revealed that students who 
had control over the use of learning aids used them less frequently, but when they used the aids, they used them more 
adequately: they spent more time on processing the information offered by the learning aid. It seems that perhaps 
providing students with the illusion of control would be the best solution for low prior knowledge or low self-regulation 
learners. This would ensure these learners use the learning aids, but that they engage more in processing the information 
conveyed when using the aids, due to the feeling of control they have. 
But the most interesting result, however, was the three-way interaction between prior graph knowledge, self-regulation 
and condition. Apparently, an environment with segregated aids is better than an environment with integrated aids for 
low prior knowledge learners with high self-regulation, and for high prior knowledge students with low self-regulation. 
It seems that in this interaction effect prior knowledge and self-regulation compensate for one another. Interestingly, 
nodifference between the two environments was found for students with high prior knowledge and high self-regulation 
skills, or for students with low prior knowledge and low self-regulation skills. Regarding the first group of learners, one 
could hypothesize that they have the skills to flexibly adapt to the environment, and that redundant information 
(integrated aids) can be ignored or processed in an efficient way, at least in a non-complex learning environment.Based 
on these results, it may be wondered whether an expertise reversal effect would be found for learners with high prior 
knowledge and high self-regulation skills. 
However, more puzzling is the result found for low prior knowledge students that are also low self-regulators. One 
would expect that these students require the aids the most,and that they need to be guided, based upon the assumption 
that they are not very good at determining when they need help.The results here do not support this. An explanation for 
these findings could be that the quality of learning aid usage plays an important role (Clarebout et al., 2010). It can be 
argued thatmost likely learners with low prior knowledge and low self-regulation may not have actively processed the 
information offered through the learning aids, and hence did not benefit from the additional support offered. The use of 
aids by low prior knowledge learners and low self-regulators in the embedded condition may have been too superficial 
to have a beneficial effect compared to the segregated aidscondition.  
Overall, it seems that our expectations with respect to the interaction between prior knowledge and the integration of 
learning aids on the one hand, and between self-regulation and the integration of learning aids on the other, could not be 
confirmed. The only two-way interaction that was identified was between prior knowledge and self-regulation on 
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learning gains. However, indications that some compensation mechanisms between prior knowledge and self-regulation 
play a role were found.  
The implications of this research for designing learning environments seem to be that a learning environment with 
segregated aids is the best option in cases of learners with high prior knowledge and low self-regulation skills. Similarly, 
for those learners with high self-regulation skills and low prior knowledge, segregated learning aids should be advocated. 
For students with high self-regulation and high prior knowledge segregation does not seem to matter. Hence, one could 
argue that segregating aids is, overall, the best solution from an instructional design perspective. However, for the group 
that is probably most in need of learning aids, namely learners with low prior knowledge and low self-regulation, the 
present study could not give a clear answer. It seems that simply providing learning aids is not sufficient. One could 
argue for the provision of additional training on the use of learning aids, as, for instance, studied by Gräsel, Fischer and 
Mandl (2000) or the provision of additional advice on the use of learning aids (e.g., Clarebout& Elen, 2008), but also 
these studies generated mixed results.  
Third, the generalizability is limited to learning environments in which only one type of learning aid is provided. It may 
be that the interplay between prior knowledge, self-regulation and integration of learning aids may be different when 
learners are confronted with a different type of learning aid, or with a combination of different types of learning aids. 
Additionally, we cannot assume these results to also be applicable to highly complex learning environments with high 
cognitive demands. Nevertheless, the study does provide some guidance for designing relatively ‘simple’ learning 
environments.  
Although some implications are drawn from this study, some methodological issues cannot be ignored. First, looking at 
the learning gains, it seems that the experimental learning environment showed a ceiling effect for high prior knowledge 
learners. Second, in this study three aids were included, all three with almost identical content, and guiding learners at 
the same level. It could be argued that ideally the support should have gradually been withdrawn. Third, the rather 
limited number of participants does not allow for a grounded generalization. 
A number of criticisms have been raised with regard to measuring self-regulation with surveys. The authors do 
acknowledge these critiques, but hence it is remarkable that even what people claim they do in order to regulate their 
learning influences their learning outcomes and interacts with prior knowledge. We cannot claim that we actually 
measured learners’ self-regulation skills, nor are we sure that what students indicate they do corresponds to what they 
actually do, but apparently their intentions are predictive for their learning gains.  
Given the compensation mechanisms that apparently operate between self-regulation and prior knowledge, it may be 
that, in future research, learner profiles should be viewed as independent variables, rather than specific isolated learner 
characteristics.However, this does not imply that these learner characteristics cannot be disentangled. This study showed 
that not only do prior knowledge and self-regulation compensate for one another, but also that they are clearly two 
distinguishable concepts that each influence in their own right learners’ behaviour in a learning environment.  
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Table 1. Means for the retrieved main effects 

 Mean (sd)/Low Mean (sd)/High 

Prior knowledge 2.48 (2.93) .94 (3.26) 

Self-regulation 1.95 (2.50) 1.74 (3.51) 

 SA-condition EA-condition 

Condition 2.13 (2.81) 1.52 (3.47) 
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Figure1. Screen dump of the learning aid 

 

 

 

Figure 2. Interaction effect between prior knowledge and self-regulation on learning gains   
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Figure 3. Interaction effect between prior knowledge, self- regulation on learning gains in the embedded condition 
 

 

 

Figure 4. Interaction effect between prior knowledge, self- regulation on learning gains in the segregated condition 
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