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Abstract 
The current study investigates the effects of cognitive (prior knowledge) metacognitive (perceptions) 
and  motivational (self-efficacy) learner variables, tool presentation (non-/embedded tool), and tool 
interventions (explanation of tool functionality) on quantity and quality of tool use. Additionally, the 
effects of quantity (time and frequency) and quality of tool use on performance. One hundred and 
seventeen university students were randomly assigned to one of five conditions (Embedded and non-
embedded with explained tool functionality, embedded and non-embedded with non-explained tool 
functionality and one control condition) to study a hypertext. Results reveal, first, that there was no 
significant difference among conditions in performance. Second, prior knowledge had a positive effect 
on frequency of tool use, perceived tool usability had a positive relationship on time spent on tools and 
self-efficacy showed no significant effects on tool use. Third, tool presentation (embedded or non-
embedded) had no significant impact on the use of tools. The explanation of the tools functionality 
showed, on the other hand, a negative impact on quantity of tool use (time). Finally, only time spent on 
tools had a positive relationship with performance. Unexpectedly, quality of tool use and frequency of 
tool use were correlated and the latter had a negative impact on performance. Theoretical implications 
are discussed.   

Keywords: prior knowledge, perceptions, self-efficacy, tool presentation, tool interventions, quantity 
and quality of tool use, learning outcomes, computer-based learning environments. 

1 INTRODUCTION 
Computer learning environments (CLE’s) often confront learners with support devices, also referred as 
tools [1, 2]. Examples of tools are glossaries, adjunct questions, concept maps, worked-out examples, 
among others. The different kinds of tools aim to enhance different kinds of learning processes and 
skills in learners [3, 4]. In CLE’s the presentation of the tools can be embedded or non-embedded [5]. 
This means that when tools are embedded, learners have to use the tools when requested and when 
tools are non-embedded learners are given the option to use or not to use the tools[5]. 

Within the learner control viewpoints [6], embedded tools could benefit those learners with low prior 
knowledge [7], with poor perceptions of the tools and their functionality and with low motivation [8]. On 
the other hand, non-embedded tools could benefit those learners who are good judges of their 
learning needs [7], recognize/perceive the tool functionality and are motivated [8].  

The question is how learner related variables of prior knowledge, perceptions of the tools and 
influence tool use when tools are either embedded or non-embedded. Another question is in line with 
how the tool use can be positively encouraged regardless of the (non-/)embeddedness of the tools. 
The present contribution aims to disentangle the aforementioned questions.  

1.1 Learner-related variables and tool use 

1.1.1 Prior knowledge 
Prior knowledge has been identified as a cognitive learner-related variable affecting tool use and 
performance [see reviews: 4, 5]. Elen and Louw [9] found that learners with higher prior knowledge 
had better post-test results (performance). Further research [10] suggested that prior knowledge may 
impact performance through different quantitative and qualitative aspects of tool use, for instance, in 
the adequate selection of tools. 
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1.1.2 Perceptions about the tools 

Perceptions have been described as a type of metacognitive variable [11] described as learners’ 
ideas, concept and theories on tools and tool usage [12]. According to literature, perceptions 
determine whether or not or how tools will be used [12, 13]. Based on this claim, if the tools’ 
functionalities are not perceived correctly, tools would be used hardly optimally. However, the 
research exploring the role of perceptions on tool use in CLE remains scarce. In a neighbouring field, 
the Technology Acceptance Model (TAM) [14] specifies two kinds of perceptions (perceived 
usefulness and perceived ease of use) that influence system use. The TAM, however, focuses on the 
adoption of a system such as text editors, e-mails, spreadsheets, Microsoft Windows, personal 
computing [15]. Based on the TAM’s perceptions and in an attempt to specify perceptions for tool use 
in CLE’s, research has specified two kinds of perceptions [16] which we will focus on. These are 
perceived tool functionality (degree to which a learner believes that using a certain tool would enhance 
their performance in order to reach a goal) and perceived tool usability (degree to which a learner 
believes that using a certain tool would be usable and easy to use).  

1.1.3 Motivational characteristics 

Even if learners have positive perceptions of the tools that would hypothetically influence tool use 
positively, if they are not motivated to use the tools, tools will be unlikely used. Research indicates that 
motivation is one of the conditions to increase the probabilities of tool use [8, 13, 17]. Motivation, 
however, is a broad term which derives in many associated constructs exploring different motivational 
aspects [18]. Self-efficacy is a motivational variable that has caught the attention of research on tool 
use [4, 19]. Self-efficacy, a key element of the social cognitive theory, is defined as the beliefs about 
one’s capabilities to organize or perform the courses of action to produce a given achievement [20]. 
Reports on research in CLE’s indicate that learners with high self-efficacy tend to increase the 
frequency in which they access tools, also addressed as quantity of tool use [21], but it has also been 
suggested that the quantity of tool use is negatively influenced by learners with high self-efficacy (less 
frequent tool access) [22]. In contrast research has found a positive relationship regarding self-efficacy 
and quality of tool use [22]. 

1.2 Encouraging tool use 
Interventions in CLE’s [23], are also addressed as pedagogical agents [24], instructional cues [25], 
advice [26], and explanation of tool functionality [27], among others and have been implemented in 
order to encourage, increase tool use probabilities and influence optimal tool use without ‘forcing’ the 
learner by making the tool functionality more discernible [28]. In literature, interventions provide 
guidance during a learning task [24], encourage the use of tools that provide information that the 
learner has not accessed [25] or strictly specify the functionality of the tools as the benefits that can be 
obtained by using the tool(s) [26, 27]. Studies on interventions have revealed positive effects on 
quantity of tool use and performance [24, 25], but has also shown mixed effects[26].  

1.3 The present study 
Given the findings on tool use in CLE’s exploring embedded vs. non-embedded tools, the inconclusive 
results found with respect to prior knowledge, the lack of research on perceptions, and the mixed 
effects of self-efficacy and interventions on tool use, this study aims at gaining more insight into the 
influence of  these variables on tool use. Additionally the effects of tool use (quantity and quality)  on 
performance are further examined in order to provide evidence that tools are beneficial for learners 
that use them [23]. Consequently, the present study addresses the following research questions:  

1. What is the effect of embedded and non-embedded tools with the explanation of the tool 
functionality and without the explanation of the tool functionality on tool use? 

2. Do prior knowledge, perceived functionality, perceived usability and self-efficacy influence 
learners’ tool use (quantity: frequency, time and quality)? 

3. Does the use of the tools influence performance? 
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2 METHOD 

2.1 Participants 
There were one-hundred and seventeen students from a preparatory master program in Educational 
Sciences. They were in average 23 years old (SD= 4.18) and 82% were female.  

2.2 Materials 

2.2.1 Learning environment 
A text on water scarcity titled Waarom water broodnodig is ‘Why is water essential’ [29] was selected 
and adapted in format for a Macromedia Director program. The text comprised 1,544 words, two 
figures and was divided into five sections. After each section, there was a tool consisting of a concept 
map (N=5). A concept map represents visual relationships in intertwined circles [30, 31]. The concept 
maps were semi-structured, which means that learners had to complete an unfinished concept map 
with concepts from the text (Figure 2).  

There were four experimental conditions and one control condition. Two of the experimental conditions 
had the explanation of the tool functionality (Figure 1) one of which had embedded tools (N=23) and 
the other one non-embedded tools (N=24). The two other experimental conditions did not have any 
explanation of the tool functionality, and just as in the other conditions, one had embedded tools 
(N=23) and the other non-embedded tools (N=24). One last condition was the control condition 
(N=23), which received neither tools nor tool explanations. 

In the non-embedded conditions students could press a button to access the tool (see Figure 1). In the 
embedded conditions, on the other hand, participants did not have this button and by clicking on the 
button of next page, they directly accessed the tool. The explanation in Figure 1 reads as: “Every 
concept map will bring up a part of your knowledge. By completing the concept map, you will be able 
to make a better connection between the information provided and your daily life. You knowledge will 
also become more meaningful and as a consequence the chances that you will do better in the test 
will be bigger”. 

 
Figure 1. Example of a section from the text in the background. The explanation of the tool 

functionality appeared in the conditions with explained tool functionality after the learners clicked on 
‘volgende pagina’ (next page). Then if learners clicked on ‘volgende pagina’ again, they accessed the 
tool in the conditions were embedded. If the conditions were non-embedded they had to click on the 

button ‘begrippenkaart’ (concept map). 

0050



 
Figure 2. Example of tool: Semi-structured concept map. The boxes in yellow with question marks 

had to be answered by the learners using the gray area underneath the concept map. 

2.2.2 Tool use 

Log files (Access database) were kept of all the time –in seconds- learners spent in each concept map 
(in all experimental conditions), and the frequency they clicked to access the tool (only experimental 
non-embedded conditions). Therefore the time spent on the tool and the frequency of tool access 
were considered the quantity of tool use. 

The answers provided in the concept maps blank boxes were logged as textfiles and used to analyze 
the quality of tool use. Each concept map (N=5) had three boxes to be completed. Participants could 
obtain one point per correct answer. Therefore they could obtain a maximum of 15 points.   

2.2.3 Pre-test: Prior knowledge 
The prior knowledge test consisted of ten-multiple choice questions with one correct answer each. 
Learners could obtain one point for every correct answer, hence a maximum of ten point could be 
obtained. Examples of the questions are “how much water does an average person consume per 
year”, “what is irrigation?” or “ What is water footprint?”. This test was constructed by three 
researchers, authors of this text.  

2.2.4 Perceived functionality and perceived usability 

The questionnaire of perceived usefulness [32], system functionality [33] and perceived functionality 
[34] were integrated into a single questionnaire to explore perceived (tool) functionality (α=.89) These 
questionnaires were integrated in order to have a broader view of perceived tool functionality [16]. The 
questionnaire consisted of 15 questions. The questionnaire on perceived ease of use [32] consisting 
of six questions was employed for examining perceived usability (α=.82). 

Both questionnaires were adapted to tool use and translated into Dutch by three different researchers 
using the translation/back translation method in order to avoid semantic problems [35].  In each 
questionnaire participants responded on a six-point Likert scale where one indicated totally disagree 
and six totally agree.  

2.2.5 Self-efficacy 
The self-efficacy questionnaire (α=.89) consisted of eight questions using elements from the Motivated 
Strategies for Learning Questionnaire (MSLQ) [36] and the Self- and Task-Perception Questionnaire 
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(STPQ). Participants responded on a six-point Likert scale where one indicated totally disagree and 
six totally agree.. 

2.2.6 Post-test: Performance 

Performance was measured through a post-test that participants answered after they finished the 
hypertext task.  It consisted of 16 items, seven of which were multiple-choice items, three were fill-in-
the-blank sentences and the last six items were true or false statements. Participants could obtain a 
point for every correct answer, thus they could obtain a maximum score of 16 in the post-test. 
Examples of the questions are “What did the author mean with the following sentence:…”, “What does 
FAO stand for?”, “What is AquaCrop?”. 

2.3 Procedure 
The experiment was spread over two sessions. During the first session, two researchers distributed 
the questionnaires to all participants who were in an auditorium where they were following their 
Learning and Instruction class. They filled out the questionnaires on perceptions and self-efficacy. 
Afterwards, participants had the possibility to enrol in the second session consisting of attending one 
of 14 sessions available with a maximum of 15 participants.  

The second session was the ‘computer’ session. Herein participants entered the room, were randomly 
placed in a condition and sat in front of a computer. Participants were told about the structure of the 
second session. Next, they answered the prior knowledge test. After this, they started working on the 
computer which had a hypertext. When the participants concluded with the hypertext, they were given 
the performance tests. 

3 RESULTS 

3.1 Research question 1: Non-/embeddedness and non-/explanation of tool 
functionality on tool use 

Table 1 illustrates the descriptive statistics among the experimental conditions and quantity (time and 
frequency) and quality of tool use. A pronounced difference can be observed regarding the quantity of 
tool use, specifically, time spent on tools. The MANOVA analysis confirmed this difference and 
showed that there was a significant effect of the experimental conditions, that is, tool non-
/embeddedness and non-/explained tool functionality on quantity (time) and quality of tool use using 
Wilks’ statistics Λ= 0.75, F (6,176)=4.59, p <.001, partial η²=.14. The separate ANOVA’s on the 
outcome variables revealed a significant effect of condition on time spent on the tool F (3,89)=8.94, p 
<.001, partial η²=.23 but not on quality of tool use  F (3,89)=.90, p=.45, partial η²=.03.  

Table 1. Descriptive statistics among the experimental conditions and quantity (time and frequency) 
and quality of tool use. 

 
The Tukey post hoc tests indicated that the embedded condition without explained functionality spent 
significantly more time on the tools than the embedded and non-embedded conditions with explained 
functionality (ps <.005 and <.001, respectively). The non-embedded condition without explained 
functionality also spent significantly more time on tools than the conditions with explained functionality 
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(embedded ps <.05 and non-embedded ps<.001). This means that the explanation of the tool 
functionality played a more relevant role (but a negative one) in the relationship on tool use than the 
tool non-/embeddedness. Conditions with no explained functionality spent proportionally more time on 
the tools that conditions with explained functionality.  

The ANOVA analysis that was conducted to examine the possible effects of non-embedded conditions 
with/out explained functionality on frequency of tool use showed no significant effects F (1,45)=.52, 
p=.47, partial η²=.01. 

3.2 Research question 2: Prior knowledge, perceived functionality, perceived 
usability and self-efficacy on tool use 

The ANOVA pointed out that there was no significant difference in prior knowledge F (4,112)=1.20, 
p=.32, partial η²=.04 among conditions. Table 2 shows the data obtained regarding the effects of prior 
knowledge, perceived functionality, perceived usability and self-efficacy on quantity (time and 
frequency) and quality of tool use. The significant results pointed out that perceived usability had a 
positive effect on quantity of tool use, more specifically, time spent on the tools. On the other hand, 
prior knowledge had a negative effect on quantity of tool use, more specifically, the frequency of tool 
use in the non-embedded conditions.   

Table 2. Regression analyses of learner characteristics on quantity and quality of tool use. 

 

3.3 Research question 3: Tool use on performance 
The ANOVA pointed out that there was no significant difference in performance F (4,112)= 1.38, 
p=.25, partial η²=.05 among conditions. Table 3 shows the data obtained regarding the effects of 
quantity (time and frequency) and quality of tool use on performance. The significant results pointed 
out that quantity of tool use, more specifically, time spent on the tools had a positive influence on 
performance. In contrast, frequency of tool use in the non-embedded conditions showed a negative 
relationship. A further analysis showed a positive correlation between frequency and quality of tool use 
r=.36, p<.05 at two-tailed.  

Table 3. Regression analyses of quantity and quality of tool use on performance. 

 

4 DISCUSSION AND CONCLUSION 
This study investigated in a CLE, first, the effects of embedded or non-embedded tools with or without 
explanation of the tool functionality on quantity (time and frequency) and quality of tool use. Second, 
the relationships between learner variables (prior knowledge, perceived functionality, perceived 
usability and self-efficacy) and tool use (quantity and quality) were examined. Finally the quantitative 
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and qualitative effects of tool use on performance were examined. The summary of the significant 
results are illustrated in Figure 3. 

 
Figure 3. Summary of significant results. 

One of the results from this study indicated that the conditions (embedded and non-embedded) with 
the explanation of the tool functionality spent significantly less time than the embedded condition, but 
not than the non-embedded condition without the explanation of the tool functionality.  Although a 
slight indication that non-embedding tools seems more adequate in relation to tool use, specifically 
time spent on tool, the effect of the explanation of the tool functionality seemed stronger. Learners that 
were in the conditions with the explanation of the tool functionality spent significantly less time on the 
tool which means that the explanation had a negative effect on tool use (time). Considering the 
positive relationship between time spent on tool and performance (further information below), the 
explanation of tool functionality then also affected performance indirectly. These results question the 
research suggesting that the explanation about the functionality of a tools may result in more optimal 
tool usage [13, 37]. Within the learner control literature, Merrill [38] indicates the interaction of the 
learners’ internal processes (ability to select and sequence strategies) and the stimulus materials 
(tools) results in effective performance. In our study, the explanation of the tool functionality possibly 
affected the internal processes of the learner which in turn tainted tool usage and eventually 
performance. Hence a question raises on when the explanation of tool functionality is appropriate for 
learners. Another question is whether the experience learners have as learners (years of education) 
could possibly play a significant role on the explanation of the tool functionality. In our study, all the 
learners had a bachelor degree.  

Another result is that perceived (tool) usability had a positive effect on the time spent on the tool and 
prior knowledge had a significant positive effect on frequency of tool use. The finding on perceived 
usability indicates that the more learners believed that using a certain tool would be usable and easy 
to use, the more time they spent on it. This finding suggest that there is a strong relationship between 
metacognitive variables (in this case perceived usability) and the time spent on the tools; also that 
metacognitive variables have an indirect impact on performance considering that time on tools showed 
a positive influence on performance.   

The result found in relation to prior knowledge suggested that the higher the prior knowledge, the 
more learners accessed the tools in the non-embedded conditions. According to previous findings [7], 
high prior knowledge learners seem to benefit more from embedded tools than non-embedded tools 
which can be confirmed with our results: While high prior knowledge had a positive influence on 
frequency of tool use, frequency of tool use had a negative effect on performance. Schnotz and Heiss 
[7] point out that learners with high prior knowledge are capable of coping with additional information, 
but in danger of ignoring relevant help due to an ‘illusion of knowing’.  This is probably what happened 
in our study.  

No significant results could be retrieved in relation to self-efficacy and tool use. We expected to see a 
relationship between these motivational variable and the use of tools given that research has 
suggested the direction of the influence of self-efficacy on tool usage. This result question whether  
this motivational variable was either moderated or overpowered by the metacognitive variables, in this 
case perceived usability. 

This contribution also revealed that the time spent on the tool had a positive influence on performance, 
while frequency of tool use, which showed a correlation to quality of tool use, had a negative effect on 
performance. Quantity of tool use, specifically time spent on the tool, showed a positive effect on  
performance. This effect explained 12.96% of variance which can be considered strong given the 
specific population we investigated. This result is in line with previous studies [e.g. 1, 23]. Viau and 
Larivée [1] found not only a positive effect of time spent on tool, but also of frequency of tool use in 
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performance. Our results suggest that perceived tool usability had a positive effect on performance 
because it influenced quantity of tool use. On the other hand, explained tool functionality had a 
negative influence on performance.  

The other aspect of quantity of tool use, namely frequency of tool use had a negative effect on 
performance. Given that prior knowledge had a positive effect on frequency of tool use, and frequency 
of tool use affected performance negatively, then high prior knowledge in non-embedded conditions 
had a indirect negative effect on performance. The negative effect of frequency of tool use on 
performance is similar  to previous research [39, 40] in which the frequent use of tools, namely 
questions, led to poor performance. It appeared that reading back and forth between questions and 
paragraphs prompted high frequency of tool access which affected performance negatively [39]. This 
could possibly be the case in our study and the learners got lost while searching answers (also by 
going back and forth) for the concept maps empty blank boxes.  Although the previous  studies [39, 
40] explored the use of questions, concept maps (used in this contribution) are to a certain extent 
related to adjunct questions since they are also a cognitive tool [2].  

Quality of tool use did not have a significant effect on performance. This finding contradict previous 
research [23] and also questions whether quality of tool use is a valid measure for learning processes. 
A positive correlation between frequency and quality of tool use, however, was observed.  This finding 
may suggest, that the high frequency of tool use is closely related to the quality of tool use which 
together affects performance negatively. It also suggests that non-embedded tools may hamper 
performance indirectly. 

Finally, no significant difference was found in relation to performance among conditions. This result is 
related to a previous study [41] where no differences could be retrieved among experimental and 
control condition. It is possible that just as previously suggested [41], in our study intrinsic motivation 
was larger in experimental conditions. Moreover, while no ‘better’ effects of experimental conditions 
over the control condition could be observed, we could confirm that tools did not hamper the learning 
outcomes (performance).  

Overall, this paper has given account of the problematic and has added to the literature that surrounds 
the use of tools in CLE’s. Based on this contribution, designers and/or educators should consider that 
(a) the explanation of the tool functionality may not always be needed with specific type of learners. (b) 
Believing that tools would be usable and easy to use (perceived usability) could lead to optimal tool 
use. (c) Embedding tools may help learners with high prior knowledge. (d) Having enough time spent 
on tools in CLE’s may lead to better performance. (e) Tool usage can benefit learning. 
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