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Hypermedia learning environments have now come to secure a central role in 

student learning after a long history of providing supplemental instruction. Enabling a 

learner to efficiently navigate is no longer a primary concern as hypermedia becomes 

more pedagogically rich. Rather, with cognitive tools embedded in hypermedia learning 

environments the objective is the continuous cognitive processing of instructional content 

in order to gather information, test hypotheses, and progressively develop a solution.  

The purpose of this study was to investigate the nature of cognitive tool use. 

Hypermedia content was represented to students through a set of complementary 

cognitive tools. Cognitive tool use was examined to identify profiles of students based on 

how they cognitively process hypermedia content. Student profiles were then evaluated in 

 iii 
 



terms of patterns of cognitive scaffolding in the form of tool use co-occurrence, patterns 

of information search behavior in the form of browsing constructs, academic 

performance, and experience of the hypermedia lesson. Thus, this study was designed to 

answer five research questions: 1) Can meaningful profiles of students' cognitive tool use 

be identified? 2) Do differences exist between these profiles in terms of their frequency 

of tool use co-occurrence? 3) Do differences exist between these profiles in terms of their 

frequency of browsing constructs? 4) Do differences exist between these profiles in terms 

of their performance on content tests? and 5) Do differences exist between these profiles 

in terms of their hypermedia learning experience? 

Five profiles of cognitive tool use were identified: non-allegiant, verbal, visual, 

kinesthetic, and infrequent. Cognitive tools facilitated problem definition and 

organization for visual and verbal tool users, and facilitated problem integration and 

evaluation for verbal tool users. Furthermore, cognitive tools helped verbal tool users 

inspect appropriate categories of lesson content early in the problem solving process. 

Finally, there were no differences between the five profiles of tool use identified in terms 

of their performance on content tests, nor their hypermedia learning experience. The 

findings from this study may be valuable to a variety of educational professionals - 

teachers, instructional designers, and educational researchers - providing meaningful 

direction to future hypermedia instruction and research. 
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Chapter 1:  Introduction 

 
Hypermedia uses a variety of media including text, audio, images, animations, or 

video, to link various regions of multimedia content. While learning from hypermedia 

learners use a variety of tools, or features of hypermedia, to interact with vast libraries of 

multimedia information. These tools may be in the form of navigation tools or cognitive 

tools. Students use navigation tools to effectively and efficiently locate different 

segments of multimedia content and resources within a hypermedia system. Students use 

cognitive tools to combine multimedia information and produce new knowledge. 

Hypermedia-based learning is a fragile interaction between learner and tools. Both types 

of tools may influence the way a student cognitively processes hypermedia content. 

Researchers have examined how hypermedia-based learning and comprehension 

are modified through the use of navigation tools and cognitive tools. These hypermedia 

design strategies accommodate an individual’s cognitive capacity. Hypermedia may be 

designed by incorporating navigation tools with the intent of alleviating a learner’s 

disorientation (Rouet & Levonen, 1996; Beasley & Waugh, 1995; Beasley & Waugh, 

1997; Calvi, 1997; Dias & Sousa, 1997; Chiu & Wang, 2000; Boechler & Dawson, 2002; 

Dabbagh, 2002). Alternatively, hypermedia may be designed by incorporating cognitive 

tools with the intent of facilitating a learner's processing of multimedia content (Lajoie, 

Lavigne, Guerrera, & Munsie, 2001; Lajoie & Lesgold, 1992; Lajoie, Azevedo, & 

Fleiszer, 1998; Harper, Hedberg, Corderoy, & Wright, 2000). Following a history of 

research and development on navigational tools, it appears cognitive tools have recently 

come to occupy a central role in the design of hypermedia. 
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At a recent Educational Media and Hypermedia international conference (ED-

MEDIA) Iiyoshi and Hannafin (2002) described the challenges related to learning from 

hypermedia lessons, specifically that "learners are often ill-equipped cognitively to 

navigate vast multimedia networks and interpret their meanings"  (p. 831). Not only does 

accessing hypermedia content prove challenging for learners, storing, retrieving, and 

processing this content does as well. A well designed cognitive tool can facilitate specific 

cognitive behaviors, and collectively tools can support the learner in completing a task at 

hand. Cognitive tools support a hypermedia user's cognitive processing, and encourage 

cognitive processing in ways the user may not have considered previously. Given that 

hypermedia software applications often contain many cognitive tools the challenge of 

storing, retrieving, and processing hypermedia content increases. Several questions have 

recently surfaced. If a variety of cognitive tools are available, why are some categories 

chosen by students and not others? What roles do different categories of cognitive tools 

play in the use of these tools? What form of cognitive processing do different cognitive 

tools promote? Do specific cognitive tools promote alternate forms of cognitive 

processing? 

Previous cognitive tool studies provide most but not all the necessary direction to 

more precisely measure the nature of cognitive tool use. Hypermedia content is 

represented to students through a set of cognitive tools. The information that is 

represented to students through cognitive tools may be in the form of text, audio, 

animations, or video. Along with the information they provide, cognitive tools provide a 

way to process that information. Students use the cognitive tools in different 
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combinations to compare and contrast the content presented and generate inferences. Do 

the preferred combinations of cognitive tools students use reflect a media use preference? 

For example, do certain students coordinate primarily text-based information sources 

with other primarily text-based information sources to draw conclusions? Use among 

students of a preferred set of cognitive tools that may be primarily text-, audio-, 

animation-, or video-based may indicate a cognitive processing style. A student's 

cognitive processing style may reflect a media use preference when attempting to 

coordinate information in order to infer main ideas. Thus, tool use profiles that may be 

identified based on students' cognitive tool use are meaningful in that these tool use 

profiles may reflect different cognitive processing styles. 

Many current hypermedia applications can track students' access to cognitive 

tools in hypermedia applications. Tool use profiles may be evaluated in terms of 

frequency of tool use co-occurrence and frequency of browsing constructs. Tool use co-

occurrence is important because when two tools are appropriately paired for use they 

serve to focus and constrain a student's exploration. Thus tool use co-occurrence 

represents a measure of cognitive scaffolding. Tool use profiles may then be evaluated in 

terms of the cognitive scaffolding they are associated with. However, the co-occurrence 

of tool use represents only one method of using tracking data to more strongly infer how 

students with different profiles. Researchers have no other methods of using tracking data 

to more strongly infer how cognitive tools derive their usefulness. In particular, research 

lacks a method for examining tracking data for evaluating the information search 

behaviors students with different tool use profiles perform to identify, gather, and 
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organize content that is distributed throughout a particular instructional platform (e.g. 

hypermedia). In this respect hypermedia theory and research lacks precision. A new 

research paradigm is needed to accomplish this. The educational research literature on 

search in documents provides a theoretical foundation. Research on hypermedia browsing 

constructs, which operationalizes theory from the field of search in documents, may 

prove useful in providing a foundation to measure specific search behaviors associated 

with different cognitive processing styles. 

The goal of this study was to develop a methodology to explore how cognitive 

tools derive their usefulness. Specifically, this study was an attempt to more precisely 

measure how students use the cognitive tools of hypermedia software applications. It 

identified five tool use profiles. These tool use profiles represented preferences for 

different media when coordinating information sources, or cognitive processing styles. In 

addition, this study evaluated how students' cognitive processing styles were related to 

two forms of cognitive scaffolding and four cognitive components of search. Finally, this 

study evaluated how students' cognitive processing styles interacted with the learning 

performance and experience of the participants.  

The findings from this study may be valuable to a variety of educational 

professionals. First, the designers who design such instructional environments will be 

able to make determinations as to ways in which these cognitive tools can be more 

effectively integrated into various hypermedia applications. Designers will gain a better 

understanding of the cognitive tradeoffs involved in different cognitive tool choices. 

Second, indications of instructional needs, should they appear, could give meaningful 
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direction to future hypermedia instruction. Third, determination of underlying factors of 

students’ experience of learning from hypermedia in general could be used to heighten 

the awareness of many involved - teachers, instructional designers, and educational 

researchers - as to the impact of such cognitive tools on student perception of 

hypermedia. Finally, since few other studies specifically address the use cognitive tools 

in connection with specific hypermedia browsing behaviors, this study could establish a 

new focus for future research. 
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Chapter 2:  Review of the Literature 

 

The hypertextual characteristics of hypermedia environments provide the learner 

with the ability to instantly link from one section of hypermedia content to another. This 

theoretically mimics the way knowledge is structured in human memory. Yet, the 

hypertextual characteristics do not in and of themselves serve a cognitive function. As 

educational theory and research continues to inform hypermedia design, hypermedia 

learning environments are becoming more pedagogically rich. Problem solving theorists 

stress that meaningful learning will occur only if the new information presented in a 

problem is acted on and manipulated (Jonassen, 2002). The issue may no longer be one 

of enabling a learner to quickly and accurately link to particular categories of domain 

content. Rather, the role of the students is to use a range of tools to explore the 

environment, gather information, test hypotheses, and generate solutions. A way of 

helping students manipulate the information contained within hypermedia lessons is by 

providing a set of cognitive tools.  

 

Definition of Cognitive Tools 

 

Cognitive tools are a design scheme where the objective is the continuous active 

manipulation of domain content in the hypermedia problem space in order to gather 

information, test hypotheses, and progressively develop a solution (Jonassen, 2000; 

Jonassen & Reeves, 1996; Kozma, 1987; Lajoie, 1993; Pea, 1985; Salomon, Perkins, & 
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Globerson, 1991). Jonassen (1996) defined cognitive tools as, "computer-based tools and 

learning environments that have been adapted or developed to function as intellectual 

partners with the learner in order to engage and facilitate critical thinking and higher-

order learning" (p. 9). In discussing factors that could inhibit learning such as limited 

capacity of working memory, difficulty in retrieving needed information from long-term 

memory, and ineffective use of cognitive strategies to restructure information, Kozma 

(1987) suggested using computers to facilitate the learning process and assist learners in 

accomplishing complex cognitive tasks. He believed computers could provide such aids 

as making large amounts of information immediately available for use to supplement 

limited short-term memory, enabling learners to retrieve prior knowledge and apply it 

more efficiently in a new situation, and allowing learners to represent ideas in multiple 

forms. Essentially, cognitive tools are components of a hypermedia learning environment 

that can enhance the cognitive powers of learners during their thinking and learning 

(Jonassen & Reeves, 1996; Pea, 1985; Salomon, Perkins, & Globerson, 1991). They are 

computer-based tools that can “amplify, extend, or enhance human cognition” (Kozma, 

1987). 

Cognitive tools are designed to engage specific cognitive processes that are more 

and less relevant at the particular stages of problem-solving associated hypermedia (Liu, 

Williams, & Pedersen, 2002; Pedersen & Liu, 2002). They focus on one or more of the 

following problem solving steps: identifying, organizing, and gathering information; 

evaluating information; integrating information; and understanding. Analyzing a 

problem, developing search strategies, locating relevant information, evaluating and 
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synthesizing information, and resolving the problem or question are all significant uses of 

critical thinking skills. These skills are leveraged in hypermedia through the use of 

cognitive tools. Use of cognitive tools is an extension of higher order thinking skills. 

Cognitive tools have been viewed as having the power to affect either how 

students work or how they think. Pea (1985) suggested that one may adopt an "amplifier" 

or a "reorganizer" perspective when thinking about cognitive tools. The amplifier 

perspective emphasizes how computers as cognitive technologies amplify and enhance 

human cognition, whereas the reorganizer perspective emphasizes how computers as 

cognitive technologies qualitatively alter the structure of human cognition. Similarly, 

Salomon (1991) distinguished between effects with and effects of computer tools. 

Accordingly, designers can elect to use cognitive tools as a means of developing a more 

constructivist based learning environment, or develop "intelligent systems" (Derry & 

LaJoie, 1993). Essentially, cognitive tools may be a foreground or background 

component of educational software. Derry and LaJoie (1993) believed these to be 

opposing views between student-centered and software-centered implementations of 

cognitive tools, between "non-modeling" on the one hand and "modeling" on the other. 

Non-modelers believe students should select and use appropriate cognitive tools during 

problem solving, while modelers believe that it is the role of "intelligent" computer 

systems to observe student progress and make appropriate inferences regarding what 

learning options be made available to the student. Both orientations access the power of 

the technologies and seek new ways to innovate. This study aligns itself with the 

constructivist implementation of cognitive tools. 
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The Nature of Cognitive Tool Use 
 

 

An essential quality that distinguishes cognitive tool use may be defined by 

contrasting cognitive tools with navigation tools. Hypermedia learning environments 

have different structural characteristics that allow the student to represent document 

structure, find information more readily, and make inferences (Rouet & Levonen, 1996). 

Early in the history of hypermedia it was thought that the lack of familiarity with the 

structural characteristics of a particular hypermedia lesson may create learning problems. 

Navigation tools provide document structure cues. Learners use navigation tools to 

construct interpretations of the structure of the hypermedia content. For example, 

hypermedia may have such navigational tools as overview maps, indexes, or guides 

(Calvi, 1997; Gay, Trumbull, & Mazur, 1991). Overview maps provide a visual 

representation of the hypermedia structure and content.  Indexes provide a textual 

reference for hypermedia content. Guides are online advisors which make navigation 

recommendations. Studies have shown that these navigational tools can familiarize 

learners with the structural characteristics of a hypermedia learning environment.  

Navigational tools cue access to different segments of content and resources 

within hypermedia. They provide information access cues. Students provided with the 

tools to form a global representation of the hypermedia terrain may be more strategic 

about the hyperlinks they follow, or moves they make, within hypermedia. Navigation 

tools allow students to effectively and efficiently "link," or move, from one information 
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location to another within the hypermedia system. This may facilitate the learning 

process (Small & Grabowski, 1992).  

Studies involving navigation tools have experimentally manipulated the design of 

these tools in an effort to identify the most effective design format. Researchers have 

created navigation tools that included either spatial information, conceptual information, 

some combination of both, or neither (Boechler & Dawson, 2002). Dias and Sousa (1997) 

found in general that students who visited a visual-spatial hypermedia content index 

frequently or for longer periods of time did not access more relevant hypermedia sections 

than those students who used this navigation tool less frequently or for less time. 

McDonald and Stevenson (1999) investigated the effects of a spatial navigation map (e.g. 

spatial concept map) versus a conceptual map (e.g. textual outline), and found that the 

conceptual map was important for learning and the spatial map was important for 

locating information.  Leventhal, Teasley, Instone, Rohlman, and Farhat (1993) found 

that location and access of information was not correlated with the use of a conceptual 

navigation tool. A study by Stanton, Taylor, and Tweedie (1992) found spatial navigation 

tools actually hurt students' performance in terms of information location and access. 

The studies have produced mixed findings. Some of the researchers have found 

strong effects of navigation tool design on learners' performance, but other researchers 

have found no effects or inconsistent effects. The underlying assumption was that the 

clearer the representation of the structure of a hypermedia learning environment's content 

students are encouraged to form, the more capable they become at navigating hyperlinks. 

Students  would be able to carefully link from information source to information source 
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for purposes of knowledge acquisition and integration. Overall, the findings suggest that 

navigation tools function primarily at the levels of efficiency and effectiveness (Boechler 

& Dawson, 2002; Dee-Lucas & Larkin, 1995; Dias & Sousa, 1997; McDonald & 

Stevenson, 1998). Efficiency was based on speed of hyperlinking and minimizing 

unproductive maneuvers. Effectiveness was based on accuracy in locating information 

and ability to represent the structure of hypermedia content.  

By effectively and efficiently linking hypermedia content navigation tools 

prescribe a serial cognitive processing strategy (Duchastel, 1986; Rouet & Levonen, 

1996). The page linking may impose linear processing demands because attention must 

be directed to separate concepts on separate pages, and the reader must encode individual 

concepts one at a time. The sequential encoding of hypermedia information quickly 

exhausts the limited capacity of an individual’s working memory as students struggle to 

make coherent transitions between isolated locations of hypermedia content (Foltz, 

1996). For example, as a student progresses through a hypermedia learning environment 

they arrive at one concept, hold it in working memory, continue reading on to the next 

concept, store it in working memory, etc. until they arrive at the end of the train of 

thought they were pursuing with a string of concepts held in working memory from 

which they will hopefully infer a main idea. Processing contrasts and comparisons is 

precluded by the serial presentation of concepts on separate pages as a student tries to 

retain what they have learned as they link from one page to another.  Thus associations 

among concepts elude the student; often facts about individual concepts are learned at the 

expense of implicit associations across several concepts (Jacobson & Spiro, 1991). 
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Navigation tools burden cognitive capacity. Navigation tools do not encourage the 

cognitive manipulation of concepts and may prevent students from making connections 

between concepts (Lee & Lehman, 1993). When navigational tools direct student's 

attention to separate pages of content, via hyperlinks, the links, as Erickson and Lehrer 

(2002) state, "signal to the reader 'and next'" (p. 200). In fact in a study by Erickson and 

Lehrer (1998), students' inclination was to view "good" links simply as helping users 

move from screen to screen in serial succession. Only when links also revealed how 

information was related only did students come to view links as "good." The relational 

information which supplemented the links encouraged users to think of hypermedia 

content as more than a "string of screens." As Sugrue (2000) suggests, "to qualify as a 

cognitive approach to instruction, strategies for supporting the cognitive processing of the 

information have to be embedded in either the structure of the hypertext or the activities 

that constrain and focus students' exploration of information" (p. 135). Based on the 

results of navigation tool research, Marchioninni (1988) suggested building systems that 

invite simple but highly interactive search strategies with tools that present greater 

opportunities for establishing relations between concepts and therefore contribute to 

better understanding. 

Hypermedia instruction may maximize the effectiveness and efficiency of a 

reader’s attentional capacity by attending to rather than contributing to cognitive burden. 

Rather than linking back and forth between pages of information, albeit aided by 

navigational tools, with cognitive tools the learner is encouraged to attend to and relate 

several pieces of information to infer main ideas, and the cognitive burden associated 
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with this is supported. What matters is not that content is "hypermediated" (e.g. 

immediate; mimics the connectionist quality of human cognitive processing), but that 

thus far cognitive tools are capable of accommodating cognitive load and directing 

attention, allowing students to cognitively manipulate content. This creates a scaffolding 

effect (Jacobson, Maouri, Mishra, & Kolar, 1996; Jonassen, 1992; Lajoie, 2000; Sugrue, 

2000). 

When complementary cognitive tools focus the learner’s attention and support 

their working memory, the learner's cognitive skills are scaffolded in favor of processing 

information rather than retaining information (Kim & Hirtle, 1995).  In a hypermedia 

learning environment rich in cognitive tools connections between concepts are promoted 

through the support and manipulation of content cognitive tools facilitate. Rather than 

directing a learner's attention to separate locations and exhausting working memory, 

cognitive tools focus a learner's attention and support their working memory. In this way 

cognitive tools are able to reveal a field of  possible associations for the learner. This 

scenario roughly indicates to the learner what is important. The learner's attention and 

working memory are freed up to encode interconnected conceptual information. Whereas 

navigation tools target lower level cognitive skills, cognitive tools target higher level 

cognitive skills. 

One  view on the design of hypermedia is driven by a tradition based on effective 

and efficient navigation to retrieve and retain information. Another view is driven by a 

tradition based on encouraging learners to process information and produce new 

knowledge. And several factors contribute to the strength of both navigation tools and 
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cognitive tools as design strategies. A large amount of interconnected information may be 

quickly represented.  Different permutations of information may be discovered. Together 

these eliminate confusion regarding the underlying structure of hypermedia content. 

However, designing navigation tools for access to knowledge does not guarantee use of 

knowledge. Although navigation tools have helped learners link to specific information in 

a fast and economical fashion, they do little to encourage learners to process information. 

Providing tools to help learners process information may result in better learning.  

For example, one way cognitive tools achieve this is by means of a layered design 

(Liu, Williams, & Pedersen, 1992). Layers are a spatially economic arrangement of 

hypermedia content which provide simultaneous views of hypermedia content and 

resources. The main computer screen consists of several "windows," or layers. One layer 

presents information. A different layer may present different information. These 

alternative views of hypermedia content are available to students immediately and 

concurrently upon request. A concept in one layer may be concurrently cross-referenced 

with another concept in another layer.  Layers naturally cross-reference information. 

Layered cognitive tools focus a learner's attention and support their working memory, 

thus relieving the demands of linear processing imposed by linking from one source of 

information to another. The cognitive burden of linking to cross-referenced concepts is 

removed. This design strategy helps readers balance the cognitive demands of 

hypermedia. Through economy of design cognitive tools allude to possible relationships, 

providing a view to underlying patterns and themes within vast libraries of multimedia 

information. The learner may then encode configurations of key concepts which reflect a 
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single structure, pattern, theme, or main idea. Comprehension of the overriding structure 

or “big picture” is facilitated when the reader's attention is focused on several key points 

to the exclusion of extraneous information (see Figure 1) (Black, Wright, Black, & 

Norman, 1992).  

 

Figure 1. With navigation tools student's attention is directed 
to separate computer screens with corresponding burden on 
working memory (left), or with cognitive tools student's 
attention is focused on several windows within one computer 
screen with working memory supported (right). 
 

It appears navigation tools and cognitive tools elicit different cognitive responses. 

Navigation tools employ a design strategy that tries to optimally cue hypermedia 

document structure. Division of content is maintained. Learners are encouraged by the 

design of navigation tools to engage in lower level cognitive skills such as locating and 

retaining information. Alternatively, cognitive tools encourage learners to act on 

information. Students are encouraged to actively process information and infer main 

ideas. Learners are encouraged by the design of cognitive tools to engage in higher level 

thinking skills such as coordinating information sources in order to perceive underlying 

interconnections and infer main ideas. Cognitive tools attempt to enhance the inference of 

main ideas not at the expense of a learner's attention and memory, but through sensitive 
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accommodation. The value of cognitive tools may rest in their heightened ability to help 

students render the implicit themes of hypermedia content explicit. This may contribute 

to the development of learners' cognitive skills, and promote their application with further 

problem solving. Hypermedia learning environments incorporating cognitive tools may 

be approached differently psychologically. What is essential is the capacity for higher 

level thinking skills. Liu and Bera (2005) examined students’ tool use patterns in a 

hypermedia environment where inviting and intuitive cognitive tools were provided as a 

way to represent hypermedia content and manipulate the problem space. They found 

some evidence to support the notion that cognitive tools can guide, constrain, and 

determine cognitive behavior.  

In an extensive information rich hypermedia system cognitive tools are 

components that interact and collectively go beyond their individual utility. The design of 

cognitive tools allows the elements of a problem to productively interact, and hence 

facilitate learners’ processing of the problem (Sweller & Chandler, 1994). Student skill 

development is scaffolded by distributing the cognitive load of any one cognitive tool and 

leveraging the potential of complementary cognitive tools (Lajoie, 2000). This provides 

readers with a cognitive processing advantage. Although the precise purpose that 

individual cognitive tools serve is different, their strength lies in their ability to provide 

learners with just enough assistance to help them construct their own answer to a 

problem. As Spiro and Jehng (1990) state: 

 

There is considerable variability in the way knowledge has to be used across the 
set of potential knowledge application situations. Correspondingly there is a 
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greater burden of learners to be able to independently apply their knowledge, 
rather than relying on prepackaged "prescriptions" for knowledge application 
provided by teachers and textbooks (p. 203).  
 
 

Currently a variety of design strategies are consistently used to construct different 

types, or categories, of constructivist cognitive tools. Lajoie (1993) identified four types 

of cognitive tools according to the functions they serve. These include tools that:  (a) 

support cognitive and metacognitive processes; (b) share cognitive load by providing 

support for lower level cognitive skills so that resources are left for higher order thinking 

skills; (c) allow learners to engage in cognitive activities that would be out of their reach 

otherwise; and (d) allow learners to generate and test hypotheses in the context of 

problem solving. Specific examples of cognitive tools in each of these categories and 

research on them follows. 

 

Research on Cognitive Tools 

 

Currently, evidence of the facilitative effects of cognitive tools is robust.  

Research on cognitive tools has shed some light on how these tools are used, and 

demonstrated a clear advantage to their use over their absence (Lajoie, Lavigne, 

Guerrera, & Munsie, 2001; Lajoie & Lesgold, 1992; Lajoie, Azevedo, & Fleiszer, 1998; 

Liu, Bera, Corliss, Svinicki, & Beth, 2005; Liu & Bera, 2005; Bera & Liu, 2004; Harper, 

Hedberg, Corderoy, & Wright, 2000). This study focused on the most immersive 

hypermedia learning environments. These hypermedia environments incorporate all four 
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categories of cognitive tools into their computer systems: tools that support cognitive 

processes, tools that support cognitive load, tools that support activities that would not be 

possible otherwise, and tools that support hypothesis testing (Lajoie, 1993; Lajoie, 2000). 

Collectively  these four categories of cognitive tools comprise the "rich information 

landscapes" of hypermedia learning environments (Harper, Hedberg, Corderoy, & 

Wright, 2000) (p. 231). These four categories of cognitive tools are not mutually 

exclusive; indeed their instructional power is derived from their ability to scaffold 

learners' cognitive skills. Lajoie (1993) defines as scaffolding as "providing learners with 

just enough assistance to help them construct their own answer to a problem" (p. 262).  

An elaborate hypermedia program incorporating all four categories of cognitive 

tools was developed by Lajoie (1993) in an investigation examining how these four 

categories of cognitive tools could assist traditional classroom instruction. The author 

conducted a pilot study examining learning processes, particularly students' performance 

and level of confidence as they progressed through a hypermedia learning environment. 

The hypermedia learning environment, Bio-world, was designed to teach high 

school students to diagnose infections. The structure of the computer program included 

support for cognitive processes; specifically, at any point during the problem solving 

process students could consult an online medical library to access a database of medical 

knowledge and the Bio-world computer program would respond with both textual and 

visual representations of medical terms, concepts, and processes. Beyond this Bio-world 

supported metacognitive processes by providing a visual representation summarizing the 

students' previous problem solving steps at students' request. In addition the computer 
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program relieved the cognitive load in order to promote use of higher level cognitive 

skills. By automating tasks students typically complete with the use of lower level 

cognitive skills, such as performing diagnostic tests, Bio-world allowed students to 

interpret the test results in the context of their diagnosis. By simulating diagnostic tests 

the computer program provided students with a realistic problem space wherein it was 

possible to manipulate conditions and learn of consequences, the real-world equivalent 

not being an option. Finally,  within the hypermedia lesson students could consult any of 

a number of experts (physicians) who provided contextually relevant assistance given the 

students' stage of diagnosing the infection. 

The participants in this study were 83 high school students. The students worked 

in groups of three and worked on diagnosing an infection for 25 minutes. The student 

groups were deliberately constructed to contain one low ability, one medium ability, and 

one high ability student as determined by grade level. The compatibility of the student 

groups was ensured through teacher recommendations.  

A program recorded students' actions as they worked in the Bio-world 

hypermedia learning environment. These "problem solving record traces," or log files, 

were gathered at the end of students' work. In addition the researcher collected 

information on students' level of confidence as they progressed through Bio-world; each 

time a student entered a diagnosis the computer solicited a response as to how confident 

they were in that diagnosis.  

There was a significant difference in confidence ratings between the first 

diagnosis entered and the last diagnosis entered (Friedman ANOVA, test statistic = 7.0, p 
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= .01). Students' confidence increased as they used the cognitive tools to learn about and 

diagnose infections. In addition, there was a significant relationship between how 

confidence students were and how accurate they were on a series of problems the 

computer presented at the end of the lesson (Friedman ANOVA, test statistic = 20.57, p = 

.01); confidence in the student groups' ability to diagnose infections increased as a 

function of the knowledge they acquired from Bio-world.  

Another elaborate hypermedia program incorporating all four categories of 

cognitive tools was developed by Lajoie (1993) in an investigation examining the extent 

to which and how cognitive tools assist learning. The author wanted to determine not 

only whether differences in test performance existed between an experimental and a 

control group, but for the experimental group what, if any, evidence emerged illustrating 

qualitative changes in their knowledge construction and knowledge integration. 

The hypermedia learning environment, Sherlock I, was designed for avionics 

troubleshooting. The structure of the computer program included support for cognitive 

and metacognitive processes; specifically, at any point during the problem solving 

process individuals could request assistance and Sherlock I would provide a visual 

representation summarizing the individual's previous problem solving steps  

up to the point where the individual reached an impasse. In such an environment higher 

level and lower level skills compete for valuable cognitive resources. The computer 

program relieved the cognitive load associated with this. Students did not have to 

interrupt their train of thought to manually carry out such operations as sifting through 

extensive circuit diagrams, a lower level cognitive skill; the computer program provided 
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immediate reference to such information. The computer program also provided 

individuals with a realistic problem space wherein it was possible to manipulate 

conditions and learn of consequences with the assistance of simulations, an option often 

not available due to physical limitations or safety considerations. Finally,  the problem 

space the computer program provided was an open problem space; individuals were free 

to explore any of a number of possible solution paths that were programmed in. 

The participants in this study were 63 avionics test equipment and technical 

orders trainees. The participants in the study were located at two Air Force F-15 bases 

and were separated into matched control and experimental groups. The experimental 

group received 20 hours of instruction with Sherlock I over a 3-week period consisting of 

practice on realistic troubleshooting problems. The control group of participants went 

about their daily duties in the avionics shop.  

Structured interviews were administered as a test of troubleshooting proficiency. 

These interviews were conducted as both pre- and post-tests for both groups of 

participants. First, comparisons between the groups were made on number of correct 

problems solved on the post-test interview. Then, a coding scheme was developed to 

reduce the interview transcripts to a "problem solving trail," and the resulting trail of 

problem solving actions was scored on a scale of 1 to 4 (expert, good, redundant, 

inappropriate). The interview transcriptions of both the control and experimental group 

were examined to determine whether any differences emerged between these groups, and 

then the interview transcriptions of just the experimental group were examined to 

determine whether any differences emerged between individuals in this group.  
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There were no significant differences between the control and experimental 

groups on the pre-test for number of correct problems solved (X 2 (1,N=63) = 0.00, 

p=1.0). There was a significant difference on the post-test for number of correct problems 

solved (X 2 (1,N=62) = 10.29, p<.001); the experimental group solved more problems 

(M=30) than the control group (M=21). Using the coding scheme to score the two groups' 

problem solving actions revealed significant differences between the experimental and 

control groups; specifically, the experimental group displayed a higher proportion of 

expert-like actions on the post-test (M = 19.33) than the control group (M = 9.06) 

(F(1,27) = 28.85, P< .01), and a lower proportion of inappropriate actions on the post-test 

(M = 1.89) than the control group (M = 4.19). Finally, examining the performance of just 

the experimental group, participants' performance on three problems was examined at 

three points in time (early, middle, and late). The percent of expert-like actions increased 

over time as revealed through a repeated measures analysis of variance (F(2,45) = 7.20, p 

< .002). 

A hypermedia program incorporating all four categories of cognitive tools  was 

developed by the Interactive Multimedia Learning Laboratory and the Faculty of 

Education, University of Wollongong, Australia. Brickell, Ferry, and Harper (2002) 

conducted a qualitative study examining the strategies used by students working in this 

hypermedia learning environment. The authors wanted to investigate how the four 

categories of cognitive tools provided within a hypermedia learning environment interact 

to scaffold students' cognitive skills. Specifically, the authors wanted to more precisely 
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identify how students search for information, build conceptual relationships, and integrate 

their knowledge to form a solution. 

The hypermedia learning environment, Exploring the Nardoo, was designed to 

engage students in learning in the general domain of ecology. Students are asked to 

conduct investigations on a simulated river, the Nardoo, and then report their findings by 

writing newspaper articles, hosting class discussions, writing reports, or preparing 

multimedia. The structure of the computer program included support for cognitive 

processes. At any point during the problem solving process students could collect and 

manage multimedia information in a multimedia notebook, or "personal digital assistant 

(PDA)," or take and manage notes in a "text tablet." The structure of the computer 

program also included support for cognitive load. At any point during the problem 

solving process students could consult an online encyclopedia, television and radio news 

reports and interviews, and a filing cabinet to access a database of knowledge pertinent to 

their investigations, and the computer program would respond with textual information, 

visual representations, and animations of ecology-related history, terms, concepts, and 

processes.  By providing several types of "what-if" simulations the computer program 

provided students with a realistic problem space wherein it was possible to explore cause 

and effect relationships. Finally,  within the hypermedia environment students could 

consult any of a number of "genre templates," or writing tutors, that provided assistance 

in building and completing effective solutions.  

The participants in this study were 32 undergraduate students. The students 

worked individually. In an attempt to provide cognitive support for problem solving and 
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the development of higher-order thinking skills, students were separated into one of four 

"support framework" groups: "Concept Mapping," "Venn Diagrams," "Critical 

Thinking," and "Six Thinking Hats." These four support frameworks were alternative 

learning strategies. They assisted learners in processing and analyzing information. The 

frameworks helped the participants evaluate the information they identified, gathered, 

and organized  through cognitive tool use. The authors believed that the support 

frameworks would facilitate more efficient problem clarification, together with better 

reasoning and argumentation outcomes.  

The primary sources of data were researchers' observations and students’ think-

aloud protocols. In an effort to identify common categories of cognitive processing 

strategies the data were first qualitatively analyzed based on a constant comparative 

method of analysis (Glaser & Strauss, 1967). The authors used the constant comparative 

method of analysis to identify common categories of cognitive processing strategies. This 

analysis resulted in five global cognitive strategies: clarification, application, analysis, 

synthesis, and evaluation. These common categories of cognitive processing strategies 

were used to break down students' problem solving actions. The authors then analyzed 

each of the four support framework groups in light of these five global cognitive 

strategies.  

The authors found that, while identifying pertinent information and evaluating 

resources a majority of the students failed to focus their solution on precise aspects of 

their investigations. For these students it appeared as though they had not clearly 

identified the purpose of their investigation. In addition, it appeared that students with 
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limited domain knowledge engaged in more primitive search strategies. With respect to 

the four support frameworks, the authors found both that the "Venn Diagram" and 

"Concept Mapping" frameworks channeled students' thinking towards the organization of 

concepts and themes once they had been identified, while the "Six Thinking Hats" and 

the "Critical Thinking" not only encouraged students to seek out information, but that 

these students presented clearer representation of their knowledge and justified their 

solutions more effectively. In general the authors found that students used a variety of 

strategies in their approach to problem solving; however some students were able to 

articulate the problem space and identify different opinions and perspectives on the 

problem, while other students appeared to have few clear goals or objectives in their 

strategies. 

All of the hypermedia lessons discussed have incorporated a diverse set of 

cognitive tools in their design. Research on cognitive tools has provided definitions of 

tools, classifications of tools, and has identified instructional benefits of using these tools. 

However, as Iiyoshi and Hannafin (2002) stated, "we need to better understand the use of 

multiple tools" (p. 835). Currently only a small amount of empirical research exists 

investigating specifically how cognitive tools derive their usefulness. As mentioned 

previously, the information that is represented to students through cognitive tools may be 

in the form of text, audio, simulations, animations, or video. And students use the 

cognitive tools in different combinations to compare and contrast the information 

presented and make inferences. Therefore tool use profiles may be identified based on 

students' cognitive tool use. These profiles are meaningful in that they may reflect 
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different cognitive processing styles, or media preferences when attempting to coordinate 

information in order to infer main ideas. How might students' tool-based cognitive 

processing styles be evaluated in terms of the cognitive scaffolding they are associated 

with? To answer this question tool use profiles may be evaluated in terms of frequency of 

tool use co-occurrence, because when two tools are appropriately paired for use they 

serve to focus and constrain a student's exploration. Thus tool use co-occurrence 

represents a measure of cognitive scaffolding. But, how might students' tool-based 

cognitive processing style be evaluated in terms of the information search behaviors 

students with different cognitive processing styles perform to identify, gather, and 

organize information? To answer this question a new research paradigm is needed, and 

the educational research literature on search in documents provides a theoretical 

foundation. 

  

Search in Documents 

 

Basic performance measures indicate that learners' ability to problem solve is 

enhanced by cognitive tools. However, these measures do not identify the search 

behaviors learners display as they go about coordinating information to generate 

inferences. Consulting a theory on how students search documents is important. The 

cognitive components of search are responsible for structuring, selecting, and 

transforming information (Guthrie & Dreher 1990; Guthrie & Kirsch,1987; Guthrie & 

Mosenthal, 1987). Structuring, selecting, and transforming information all underlie 
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cognitive processing in hypermedia learning environments containing cognitive tools. 

Therefore, the cognitive components of search may be seen as underlying the cognitive 

processing of hypermedia content. Applying a conceptual framework from the literature 

on search in documents to the research on cognitive tools should prove useful is 

describing cognitive tool use and contribute significantly to our understanding of tool 

use.  

Guthrie and associates (1987, 1990) developed a model of search that focuses on 

five distinct cognitive components: goal formation, category selection, information 

extraction, integration, and recycling. The goal formation component consists of forming 

a goal; the learner encodes the features of a question. The category selection component 

consists of inspecting an appropriate category of information; not all categories of 

information will be relevant to the immediate task at hand, and the learner must 

selectively attend to the most pertinent category of information. The information 

extraction component consists of extracting relevant details from the appropriately 

selected category of information. The integration component consists of combining 

details and concepts obtained from appropriate categories of information to contribute to 

the ongoing synthesis of goal related objectives. Finally, the recycling component 

consists of returning to a sequence of categories, with necessary extractions and 

integrations, in an effort to fill any gaps in understanding. 

Guthrie and associates' (1987, 1990) model of search provides a useful framework 

to apply to research on cognitive tools. Students employ different forms of cognitive 

processing at the many decision-making points throughout hypermedia problem solving. 
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Theory on search in documents provides a cognitive processing model that describes five 

cognitive components learners may display during this process. The important 

contribution of such a theory towards research on cognitive tools concerns the cognitive 

components involved. Evaluating cognitive tool use in terms of the cognitive components 

of search permits an additional level of precision in terms of describing how cognitive 

tools provide support. No research has been done to investigate this. 

Although Guthrie et. al's (1987, 1990) model of search provides a set of 

theoretical components, it does not operationalize them in a way that is applicable to 

hypermedia instruction. As mentioned previously, many hypermedia applications can 

track students' access of cognitive tools. This tracking information is stored in the form of 

log data. Log data provides an account of students' moment-to-moment tool selections. 

How might researchers carefully scrutinize tracking data to operationalize the cognitive 

components of search? Research on hypermedia browsing constructs provides a method 

to extract "psychologically meaningful" segments from the vast hypermedia navigation 

sequences that students exhibit as they work with hypermedia over time (Cantor, Rivers, 

& Storrs, 1985). This research provides the necessary methodological link between 

theory on search in documents on  the one hand, and research on cognitive tool use on the 

other.  

Hypermedia Browsing Constructs 

 

Cantor, Rivers, and Storrs (1985) believed that as the complexity of information 

rich environments grew the types of skills a user would need to successfully peruse and 
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manipulate the resources therein would also grow. In order to anticipate search skill 

requirements they attempted to classify different types of navigation. Specifically, they 

were interested in developing a measure which characterized the structure of hypermedia 

navigation sequences. This measure would take into account the relational property of 

hypermedia content as well as the control options available by the hypermedia design. 

Researchers may begin to more precisely measure the cognitive components learners 

exhibit while working with these tools. This could be a significant aid to the evaluation of 

cognitive tool use in hypermedia.  

Cantor et. al. (1985) identified four hypermedia browsing constructs: spike, ring, 

loop, and path. These four browsing constructs provided a new approach to hypermedia 

evaluation. They also present an advancement,  for they are similar to the cognitive 

components of search described by Guthrie and associates (1987, 1990). The four 

browsing constructs may be defined in relation to Guthrie and associates' cognitive 

components of search. With respect to the goal formation component, the learner encodes 

the features of the hypermedia lesson's problem statement. With respect to category 

selection, there are three or more consecutive occurrences of the same tool (spike) as the 

learner inspects an appropriate tool  as not all tools will be relevant to the immediate task 

at hand. With respect to extraction, there is repetition of a series of two, three, or four 

tools (ring) as the learner returns to immediately relevant tools and extracts pertinent 

details. With respect to integration, one tool is accessed, then other tools are accessed, 

with a return visit to the one tool again (loop) as the learner combines details and 

concepts to contribute to the ongoing construction of a solution to the hypermedia 
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problem statement. Finally with respect to recycling, a number of different tools in a 

sequence are accessed (path) in an effort to fill any gaps in understanding with necessary 

extractions from different tools and integrations for a more complete understanding. 

Hypermedia browsing constructs break up the ongoing problem solving process inherent 

to learning from hypermedia into cognitive components that correspond with those of 

search in documents.  

Research on hypermedia browsing constructs has just recently been addressed by 

Mullier, Hobbs, and Moore (2002). The hypermedia application used in this study was 

called Hypernet, a hypermedia learning environment organized around the domain of 

astronomy. The hypermedia lesson consisted of 113 nodes, or self-contained locations, of 

information. This information was organized into superordinate and subordinate 

categories of hypermedia information. Information on planets and satellites comprised 

superordinate categories, while detailed information on local geology and weather 

comprised subordinate categories. Participants linked to various nodes to access text, 

graphics, and animations. 

Participants were recruited from astronomy related news groups on the internet. 

Each participant was supplied with a copy of the software via email, and set up the 

hypermedia application on their home computer. The hypermedia application recorded all 

browsing information in the form of a log file, and stored this information on the 

participant's hard drive. Participants were asked to identify themselves as either expert, 

intermediate, or novice with respect to the domain of astronomy, particularly their 

knowledge of the solar system. Participants were given two tasks to complete: first they 
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were asked to seek out specific information, and second they were allowed to freely 

browse the hypermedia content as they pleased. When the participant finished working 

with the hypermedia application they emailed the log data to the researchers, and the 

researchers analyzed the log files for the frequency of browsing constructs.  

The results of their study showed that novice participants exhibited a high 

frequency of the spike (category selection) browsing construct, whereas the more expert 

participants exhibited a higher frequency of the ring (information extraction) and loop 

(integration) browsing constructs. The researchers surmised that more expert participants 

display higher ring and loop browsing behavior because they are more certain of the 

structure of the domain and know which categories or subcategories of information to 

turn to in order to complete the task and browse the domain content. This study not only 

provides some empirical evidence of the existence of these browsing constructs, but 

alludes to the evolutionary nature of their use. 

A set of procedures for researchers to consider when attempting to measure 

browsing constructs was presented by Mullier et. al. (2002). First, the hypermedia content 

should be designed to be used as curriculum for more than one 30-minute session; 

second, the research design should be expanded to include more than eleven participants; 

third, learners should interact with the instructional software for a longer period of time; 

and finally, browsing behavior should be measured at a few points throughout the lesson. 

Although this methodology has not yet been specifically employed in the area of 

cognitive tools, there seems to be reasonable validity to its use in the evaluation of a 

hypermedia application consisting of: a vast amount of domain-relevant content, where a 
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large number of students would spend several hours rather than several minutes with the 

hypermedia application, and the hypermedia application would collect behavioral data on 

students' actions throughout the lesson. This would permit assessment of students' 

browsing behavior at more than one point over the course of the hypermedia lesson; thus 

allowing researchers the time and data necessary to become thorough in their 

investigation of the meaningful use of cognitive tools embedded in instructional 

hypermedia.  
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Chapter 3:  Research Questions 

 

Designing tools simply for efficient access to information may not guarantee use 

of knowledge. Providing tools to help learners process information may result in better 

learning. A way of helping students process the information contained within hypermedia 

lessons is by using cognitive tools to enhance the cognitive capabilities of learners during 

their thinking and learning. Consequently, whether or not a student performs well may be 

traced back to collections of tool preferences that support individual learning and 

cognition. Overall tool use may be characterized by preferred relations and associations 

among tools. Thus cognitive processing style may underlie these tool configurations. 

Research is needed to identify the forms of cognitive processing style different tool use 

profiles may display, and investigate whether these styles are associated with different 

forms of tool co-occurrence, a measure of cognitive scaffolding, and/or hypermedia 

browsing constructs, measures of the cognitive components of search.  

The purpose of this study was to develop a methodology that could measure 

cognitive tool use. Analyses were conducted to identify tool use profiles, and evaluate 

these tool use profiles in terms of tool use co-occurrence and browsing constructs in 

general and over time. With respect to cognitive scaffolding and browsing constructs this 

study examined participants' overall behavior, and their behavior at five stages during 

hypermedia instruction. Learning performance and learning experience were also 

examined in an effort to replicate and extend previous research in connection with tool 

use profiles (Liu & Bera, 2005; Bera & Liu, 2004). Thus this research attempted to 
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address both process variables and outcome variables. One reason for this approach 

relates to Hmelo, Gotterer, & Land's (1997) suggestion that "problem solving processes 

as well as products need to be assessed" (p. 387). Research requires that the process of 

learning and the products of learning be examined to achieve an analysis that will be 

beneficial to both. Table 1 presents a summary of the research design. 

 

Table 1. Summary of independent and dependent variables. 

Independent
Variable

Dependent Variables Measures

Tool use profiles Frequency of tool use
co-occurrence

Overall frequency of tool use
co-occurrence

Frequency of tool use
co-occurrence at each of 5  stages

Frequency of browsing
constructs

Overall frequency of browsing
constructs

Frequency of browsing
constructs at each of 5 stages

Performance Science knowledge test:
multiple choice

Performance Student recommendations:
open-ended

Experience Hypermedia learning
experience questionnaire

This study was guided by the following five research questions: 

 

1. Can meaningful tool use profiles be identified based on students' cognitive tool  

     use?  
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2. If tool use profiles emerge, do differences exist between these profiles in terms  

    of their frequency of tool use co-occurrence? 

 

3. If tool use profiles emerge, do differences exist between these profiles in terms  

    of their frequency of browsing constructs? 

 

4.  If tool use profiles emerge, do differences exist between these profiles in terms  

     of their performance on content tests? 

 

5.  If tool use profiles emerge, do differences exist between these profiles in  

     terms of their hypermedia learning experience? 
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Chapter 4:  Research Method 

 

A combination of data collection strategies was used. First, there was an analysis 

of the cognitive tool access patterns of the students using a hypermedia lesson. These 

data were obtained from students’ log files. A log file consists of time and date stamped 

entries for each action a student took while using the hypermedia application. Tool use 

profiles were identified from these data through cluster analysis. In order to identify tool 

use co-occurrence and browsing constructs, a Browsing Constructs Recognizer (BCR) 

computer program was designed (Liu, Bera, & Karandika, 2003). The BCR was 

constructed to analyze student log files and record frequency of tool co-occurrence and 

frequency of four browsing constructs. At the end of the hypermedia lesson students 

completed two tests and a short questionnaire evaluating their experience of learning with 

hypermedia. Thus, to address the five research questions presented in Chapter 3 log data 

were used to identify the tool use profiles of students and these tool use profiles were 

evaluated in terms of tool use co-occurrence, browsing constructs, test performance, and 

hypermedia learning experience. The data sources were as follows. 

 

Participants 

 

Participants were 163 sixth graders from two classrooms of a middle school in a 

mid-sized southwestern city. All the necessary tools for students to work on the lesson 

were embedded in the hypermedia environment. Two experienced science teachers taught 
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the participating sixth grade science classes. The teachers did not do any direct teaching 

during student use of the program. Instead, they circulated around the room answering 

students’ questions and led regular but short class discussions at the beginning and end of 

each class session. 

 
Hypermedia Application 

 
 

 
Students worked in a computer lab equipped with Dell desktop computers with 

Pentium 4 processors. Each student had a computer for his or her use. The hypermedia 

application used in this study is called Alien Rescue (Liu, Williams, & Pedersen, 2002). 

Alien Rescue is guided by the theories and research on problem-based learning in its 

design. It engages 6th grade students in scientific investigations with the intention of 

finding solutions to complex and meaningful problems. The software is CD-based, and 

designed to be used as the science curriculum for approximately fifteen 45-minute class 

sessions.  Alien Rescue begins with a video presentation of an ill-structured problem for 

students to solve: a group of six species of aliens, different in their characteristics, have 

arrived in Earth orbit, due to the explosion of their home planets.  Students work to find 

new homes that can support the aliens’ life forms before they die. The students act as 

scientists in this rescue operation to determine the most suitable relocation site for each 

alien species. The students must engage in a variety of problem-solving activities to solve 

this problem. Students need to research the aliens’ needs as well as planets in our solar 

system to find possible homes. They must also engage in planning and decision-making 

as they determine how to use the resources of the solar system effectively.  
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The primary tasks a student might progressively perform during the entire 

hypermedia lesson consists of: exploring to get familiar with the environment and to 

define the problem, conducting research and refining the problem, continuing to research 

and generate hypotheses, testing their hypotheses and conducting further research, and 

finally completing their solution to the problem by writing up their recommendation  

 

Figure 2. Screen shots (from left to right) showing extension and display of layer 2 
cognitive tool (concept database) over layer 1 cognitive tool (control room), provided in 
Alien Rescue. 
 

using the solution form. To assist the students’ learning, 13 cognitive tools are provided 

in the program which students use to navigate the problem space and solve the problem. 

These tools can be classified into Lajoie's (1993) four categories: (1) tools that share 

cognitive load, (2) tools that support cognitive processes, (3) tools that support cognitive 

activities that would be out of reach otherwise, and (4) tools that allow hypotheses 

generation and testing. See Appendix A for a description of each tool under each 

category.  
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These tools are available through a two-layered interface in Alien Rescue (see 

Figure 2). The first layer is the virtual space station itself, which consists of five rooms,  

each containing an instrument for students to use. The five rooms are the conference 

room (serving as the starting point for navigation); the research room, which houses the 

alien database; the probe builder room, where probes are designed; the launcher room, 

where probes are launched; and the control room, where new information gathered 

through launched probes is displayed. The probe builder and the launch room are two 

tools that support cognitive activities that would be out of reach otherwise. They allow 

students to equip probes with various scientific instruments, such as mass spectrometers, 

thermometers, infrared cameras, and more.  Each of these instruments can provide the 

students valuable information about the worlds they are interested in. The launch room 

allows the students to launch their probes to the intended planet or moon. Finally, the 

probe builder, the control room and solution form are examples of the tools allowing 

hypotheses testing. In the control room, students study the data coming back from probes 

to test their hypothesis and then write up their solution using the solution form. 

The second layer of the interface is a retractable overlay. It consists of a collection 

of tools. The collection of tools contained in the overlay lines the sides and bottom of the 

screen. These tools are available to the students wherever they go from room to room. 

Students simply click on a tool to access it. The tools included in this overlay include a 

notebook, bookmark feature, solar system database, mission database, concepts database, 

and charts. The four databases provided in Alien Rescue are examples of tools that share 

cognitive load. These are carefully constructed and well-organized knowledge databases 
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enhanced through graphics, animations, and 3-D videos. If a student wants to know what 

a species looks like, where they live, the atmosphere and gravity on a planet, or past 

NASA missions, they can find such information readily in the alien database, solar 

database, and mission database respectively. If they come across a scientific concept that 

they are unfamiliar with, they can look it up in the concept database that provides visually 

illustrated tutorials on various science topics. Such tools help reduce the memory burden 

for the students and put the multimedia-enriched information at students’ fingertips.  

 

Figure 3. Screen shot (left) showing extension and display of two complementary layer 2 
cognitive tools (notebook & concept database) over layer 1 cognitive tool (control room), 
and screen shot (right) showing extension and display of three complementary layer 2 
cognitive tools (notebook, concept database, & spectrogram) (right) over layer 1 
cognitive tool (control room), provided in Alien Rescue. 
 
 

Tools in each of these layers are not mutually exclusive (see Figure 3). The 

notebook tool, for example, allowing students to take notes and organize them into 

different sections, can both help relieve the memory burden as well as direct students to 

process the information. Using the tools in layer 2, students use reference resources, 
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search and research knowledge databases, select relevant information, and make effective 

comparisons and decisions. With the tools in layer 1, students collect new data, interpret 

and organize data, build the rationale for their decisions and present their solution plan.  

Students have access to all the tools and information needed to develop a solution plan, 

however the program is structured in such a way as not to suggest solutions. Students are 

encouraged to explore the environment and select appropriate tools as they determine for 

themselves the information they need, and the process they will use to develop a solution 

plan.  

 

Independent Variable 

 

Tool Use Profiles 

 

A student's navigation through the hypermedia lesson is based entirely on how 

they use the cognitive tools. A computer program within the hypermedia lesson tracked 

and recorded students' navigation. Students’ navigation while using Alien Rescue was 

logged to a data file. The resulting log file consisted of running time and date stamped 

entries for each tool selection across 15 days (see Appendix B). The log data consisted of 

the number of times a student accessed each of the 13 cognitive tools, and the amount of 

time they stayed in each tool for each day of use over a fifteen-day period. These log files 

were collected at the end of the study.  Log data were analyzed by means of a cluster 

analysis to examine whether tool use profiles emerged.  
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Dependent Variables 

 

Overall frequency of tool use co-occurrence. As mentioned previously the 

cognitive tools are available to students through a two-layered interface. One layer is the 

computer screen and the other layer consists of computer display "windows." Thus, tools 

may either be "screen tools" or "windows tools."  

Again, the screen tools are the research room which houses the alien database, the 

probe builder room where probes are designed, the launcher room where probes are 

launched, and the control room where new information gathered through launched probes 

is displayed (refer to Figures 2 and 3). They are referred to as "screen" tools because they 

occupy a student's entire computer screen. The windows tools are the notebook, 

bookmark feature, solar system database, mission database, concepts database, charts, 

messages and experts (refer to Figures 2 and 3). The "windows" tools are accessed from a 

retractable overlay that lines the right and left sides, and bottom of any room (screen). 

They are referred to as "windows" tools because once activated the tool appears in a 

separate computer display window on a student's computer screen. A display window 

does not occupy a student's entire computer screen. Rather, a student may have several 

display windows open on their computer screen simultaneously. 

For example, a student may be in the probe builder room (occupying the full 

computer screen), and in the process of designing a probe they may choose to activate the 

mission database (a window floating on the screen) to review how scientists designed 

probes for past space missions. In this case use of a screen tool (probe builder room) is 
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co-occurring with use of a window tool (mission database). Or , in other words, there 

exists a Screen-to-Window tool use co-occurrence. As a further example, consider a 

student who has activated the solar database for use (a window), and in the process of 

reviewing information on the planet Venus chooses to activate the notebook for use (a 

window) to enter information they have learned about Venus into their electronic 

notebook. In this case use of a window tool (solar database) is co-occurring with use of  

another window tool (notebook). Or in other words, there exists a Window-to-Window 

tool use co-occurrence. Appendix C illustrates the different forms of cognitive tool use 

co-occurrence in Alien Rescue. 

The Browsing Constructs Recognizer (BCR) computer program analyzed student 

log files. This study examined participants' overall behavior, and their behavior at five 

stages during hypermedia instruction. Thus, the BCR calculated frequency of overall tool 

use co-occurrence and stage-specific frequency of tool use co-occurrence. These data 

used for analysis were displayed in a data matrix (see Appendix D). For example, 

consider the number in the cell defined by the "aliendb" row and the "ntbk" column. This 

means that while the alien database tool remained open for use the notebook tool was 

activated for use at the same time, and that this type of situation occurred 98 times. The 

BCR calculated the number of times when one tool was accessed and available in the 

presence of another tool for each of the 13 tools (see Figure 2).  

Data from the tool use co-occurrence matrix were collapsed to generate the two 

types of tool use co-occurrence: "Screen-to-Window" and "Window-to-Window." Eight 

window tools (bookmark, notebook, expert, mission database, concept database, solar 

 43 
 



database, periodic chart, and spectrogram) were collapsed into one category referred to as 

"Window." Four screen tools (alien database room, probe builder room, probe launcher 

room, and control room) were collapsed into another category referred to as "Screen"  

(see Figure 4). 

Screen-to-Window and Window-to-Window tool use co-occurrence are 

theoretically important because screen tools and windows tools are designed to support 

alternative forms of cognitive functioning. Therefore, tool use co-occurrence supports 

students' cognitive load while at the same time directing their attention to the task at 

hand. In this way tool use co-occurrence provides a way to scaffold students' thinking and 

problem solving. Window tools and screen tools comprise a design scheme that is 

particular to Alien Rescue. A description of the specific cognitive behaviors window and 

screen tools were designed to target, along with the implications for cognitive scaffolding 

follows. 

For example, consider Window-to-Window tool use co-occurrence. The window 

tools consist of two categories of cognitive tools: tools that support cognitive load and 

tools that support cognitive processing. Collectively the window tools include the 

notebook, bookmark, expert, alien database, concept database, mission database, solar 

database, periodic chart, and spectrogram. They are used primarily to search, locate and 

select relevant information, and research. Any pair of tools in these two categories 

provides scaffolding in the form of: understanding the problem, and identifying, 

gathering, and organizing information. For example, a student may be searching to select 

information, or may be searching to locate information. Using tools that support cognitive 
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load in conjunction with tools that support cognitive processing, or even tools that 

support cognitive processing in connection with each other, would indicate that students 

are engaged in problem definition and problem structuring. The cognitive skills of 

problem definition and problem structuring are pertinent early in the problem solving 

process. Thus, Window-to-Window tool use co-occurrence provides scaffolding for early 

problem solving skills. 

On the other hand, consider Screen-to-Window tool use co-occurrence. The 

screen tools consist of two categories of cognitive tools: tools that support activities 

otherwise not possible and tools that support hypothesis testing. Collectively the screen 

tools include the alien database, probe builder room, probe launcher room, control room 

and solution form. These tools are primarily used to interpret, collect new data, test 

hypotheses, and build a rationale. These tools enable students to perform activities that 

they would not have access to in a regular classroom.  For example, students equip 

probes with various scientific instruments and launch them. In the control room, students 

may then study the data coming back from probes to test their hypothesis and then write 

up their solution using the solution form. Using tools that support activities otherwise not 

possible and tools that support hypothesis testing (Screen tools), in conjunction with tools 

that support cognitive load and tools that support cognitive processing (Window tools), 

would indicate that students are engaged in integration and evaluation. In other words, a 

student may be collecting new data to test hypotheses, or collect new information to build 

a rationale. Thus, use of any pair of tools in these four categories provides scaffolding in 

the form of: integrating information, and evaluating learning processes and outcomes. 
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The cognitive skills of integrating information/evaluating learning outcomes and 

processes are pertinent late in the problem solving process. Thus, Screen-to-Window tool 

use co-occurrence provides scaffolding for late problem solving skills. 
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Figure 4. Cognitive tool use co-occurrence in Alien Rescue. 

 

Stage-specific frequency of tool use co-occurrence. The 15-day process involved 

in solving the central problem of the hypermedia lesson can be grouped into five stages. 

These stages are based on the primary tasks a student performs as they progress through 

the hypermedia lesson. Stage 1 (Exploration) consists of days 1-2, during which students 
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explore to get familiar with the environment and define the problem. Stage 2 (Research 

Phase I) consists of days 3-6, during which students generate ideas about the process 

required to solve the problem and identify the needs of the alien species. Stage 3 

(Research Phase II) consists of days 7-9, when students develop hypotheses by 

researching the databases and launching probes. Stage 4 (Hypothesis Testing) consists of 

days 10-12, when students test their hypotheses and conduct further research. Finally, 

stage 5 (Solution Generation) consists of days 13-15, when students finalize their solution 

to the problem and write up their rationale using the solution form.  

 The log data were recorded for each day of use and grouped into the above 

mentioned five stages. Frequency of tool use co-occurrence was extracted from students' 

log files for each of the five stages.  

 

Overall frequency of browsing constructs. Operational definitions of the 

hypermedia browsing constructs proposed by Cantor et. al. (1985) were adapted to 

cognitive tool use in Alien Rescue. Students' log files contained extensive hypermedia 

navigation sequences (tool selections). These extensive hypermedia navigation sequences 

were characterized in terms of the frequency of each of the four browsing constructs. The 

BCR identified and tallied the number of segments which conformed to each of the 

following four browsing construct rules: 

 

 

 47 
 



SPIKE. Three or more consecutive occurrences of the same tool. For example, 
consider the following navigation sequence: Tool 4 >>Tool 9 >>Tool 7 >>Tool 3 
>>Tool 3 >>Tool 3 >>Tool 3 >>Tool 3 >>Tool 3 >>Tool 8 >>Tool 10 >>Tool 2. 
Tool 3 occurs six times consecutively; this is an example of spike behavior. 

 
RING. Repetition of a series of two, three, or four tools. For example, consider 
the following navigation sequence: Tool 6 >>Tool 9 >>Tool 4 >>Tool 8 >>Tool 
6 >>Tool 7 >>Tool 8 >>Tool 6 >>Tool 7 >>Tool 5 >>Tool 10 >>Tool 12. The 
series of tools (8,6,7) occurs consecutively twice; this is an example of ring 
behavior. 

 
 

LOOP. Accessing one tool, then accessing other tools, and returning to the one 
tool again. If the one tool is accessed again with either three, four, or five different 
tools in between, then it is considered a loop. For example, consider the following 
navigation sequence: Tool 2 >>Tool 7 >>Tool 5 >>Tool 12 >>Tool 6 >>Tool 4 
>>Tool 3 >>Tool 8 >>Tool 12 >>Tool 9 >>Tool 1 >>Tool 13. The tool (12) is 
accessed again with four different tools in between (6,4,3,8); this is an example of 
loop behavior. 

 
 

PATH. A minimum of five different tools and a maximum of thirteen different 
tools in a navigation sequence. For example, consider the following navigation 
sequence: Tool 6 >>Tool 9 >>Tool 4 >>Tool 8 >>Tool 7 >>Tool 12 >>Tool 7 
>>Tool 12. The series of tools (6,9,4,8,7,12) occurs; this is an example of path 
behavior. 
 

 

Stage-specific frequency of browsing constructs. Frequency of each of the four 

browsing constructs were extracted from students' log files at each of the five stages.  

 

Science Knowledge Test 

 

At the end of using Alien Rescue, each student completed a content knowledge 

test. A twenty-five item multiple-choice test, created and used in previous studies with 

similar populations, was used (see Appendix E) (Liu & Bera, 2005; Bera & Liu, 2005; 
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Liu, M., Bera, S., Corliss, S., Svinicki, M., & Beth, A., 2005). This test was constructed 

to measure knowledge of astronomy concepts introduced in Alien Rescue. The test has an 

internal consistency reliability of .73. Examples of the questions follow.  

 

Which of these worlds is a planet (not a moon)?  

a. Charon 

b. Io 

c. Phobos 

d. Uranus 

 

You need to design a probe to go to Titan to find out if it has a magnetic field or 
earthquakes. Which of the following would you choose to include on your probe? 
 

a. a battery and a solar panel 

b. an infrared camera and a magnetometer 

c. a barometer and a seismograph 

d. a magnetometer and a seismograph 

 

Recommendation Scores 

 

At the end of using Alien Rescue, each student provided their solutions to the 

problem of finding the alien species new homes. Students completed a recommendation 

for each species indicating their choice of a new world for the species, and a rationale for 

why this world was well suited for the species. The software program was developed in 
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such a way that there is more than one good choice for each alien species. Some choices 

are more appropriate than others, and some choices meet more and some choices meet 

fewer of the requirements for each species.  

Students' recommendations for two species were used in this study. A rubric, 

created for a previous study with a similar population, was adopted for this study (see 

Appendix F) (Bera & Liu, 2004). The recommendation for each species was graded 

separately, and the scores for two recommendations were averaged. Recommendations 

were graded according to the following criteria: students gave appropriate reasons for 

their choice of new home for the alien species and supported these reasons with specific 

details, students included specific challenges the alien species had to adapt to on their 

new world, and students used correct grammar, punctuation, and spelling. 

 

Hypermedia Learning Experience Questionnaire 

 

At the end of using Alien Rescue the students completed a twenty-five item 

questionnaire, created and used in a previous study with a similar population (see 

Appendix G) (Bera & Liu, 2004). This questionnaire was constructed to measure how 

students experience learning with Alien Rescue. 
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Analyses of Data 

 

Independent Variable 
 
 
 

Tool use profiles. The statistical procedure used to identify tool use profiles was 

cluster analysis. Cluster analysis is a data reduction technique that classifies subjects or 

variables. Cluster analysis is often used when no a priori groups are known to exist. For 

the cluster analysis the 13 variables were the 13 tool choices of each student. Each 

student had a score on each of the 13 variables. This score was frequency of tool use. All 

the variables were converted to z scores prior to the analysis. Collectively, these variables 

comprised the dependent vector in a Ward's hierarchical cluster analysis. The scale of 

measurement was identical across all variables, therefore the method used to compute 

similarities in tool use was Rosenberg's profile dissimilarity distance (Davison, 1992; 

Rosenberg & Jones, 1972). 

Interpretation of the appropriate cluster solution should be based on parsimony 

(Aldenderfer & Blashfield, 1984). To determine the number of clusters to extract, 

information presented in the agglomeration schedule was used to graph a scree-plot. The 

scree-plot was a graph of the average distance between the clusters by the number of 

clusters (Barab, Bowdish, & Lawless, 1997). Greater distances between clusters indicate 

that dissimilar clusters are being merged. Smaller distances between clusters indicate 

relatively similar clusters are being merged. The scree-plot was inspected to identify the 

point at which the distance between subsequent numbers of clusters decreased. This 
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"elbow" in the graph (Stevens, 1997) indicates a cluster solution where the distance 

between subjects within clusters is minimized and the distance between clusters is 

maximized. Previous research has shown that cluster analysis is useful in identifying 

hypermedia profiles (Barab et al., 1997; Lawless & Kulikowich, 1996).  

 

Dependent Variables 

 

Overall frequency of tool use co-occurrence. Data from fifteen days of use 

collectively were analyzed using a one-way MANOVA. The MANOVA was performed 

with cluster membership (tool use profile) as the independent variable, and average 

frequency Screen-to-Window tool use co-occurrence and average frequency of Window-

to-Window tool use co-occurrence as the dependent variables. These analyses were 

conducted to answer the second research question, "If tool use profiles emerge, do 

differences exist between these profiles in terms of their frequency of tool use co-

occurrence?" Specifically, these analyses addressed whether the average frequency of 

Screen-to-Window tool use co-occurrence differed as a function of tool use profile, and 

whether the average frequency of Window-to-Window tool use co-occurrence differed as 

a function of tool use profile. 

 

Stage-specific frequency of tool use co-occurrence. To analyze differences 

between clusters in terms of stage-specific frequency of tool use co-occurrence a repeated 

measures MANOVA was performed with cluster membership (tool use profile) as a 
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between-groups factor and time of measurement (time 1, time 2, time 3, time 4, time 5) of 

Screen-to-Window tool use co-occurrence and Window-to-Window tool use co-

occurrence as within-subjects factors. These analyses were also conducted to answer the 

second research question. These analyses addressed whether: the average frequency of 

Screen-to-Window tool use co-occurrence differed over time, the average frequency of 

Screen-to-Window tool use co-occurrence differed over time as a function of tool use 

profile, the average frequency of Window-to-Window tool use co-occurrence differed 

over time, and average frequency of Window -to-Window tool use co-occurrence differed 

over time as a function of tool use profile. 

 

Overall frequency of browsing constructs. Data from fifteen days of use 

collectively were analyzed using a one-way MANOVA. The MANOVA was performed 

with cluster membership (tool use profile) as the independent variable, and average 

frequency of each of the four browsing constructs as the dependent variables. This 

analysis was conducted to answer the third research question, " If tool use profiles 

emerge, do differences exist between these profiles in terms of their frequency of 

browsing constructs?" Specifically, this analysis addressed whether the average 

frequency of each of the four browsing constructs differed as a function of tool use 

profile. 

Stage-specific frequency of browsing constructs. To analyze differences between 

clusters in terms of stage-specific frequency of browsing constructs a repeated measures 

MANOVA was performed with cluster membership (tool use profile) as a between-
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groups factor and time of measurement (time 1, time 2, time 3, time 4, time 5) of each of 

the four browsing constructs as within-subjects factors. This analysis was also conducted 

to answer the third research question. Specifically, this analysis addressed whether the 

average frequencies of each of the four browsing constructs differed over time, and 

whether the average frequencies of each of the four browsing constructs differed over 

time as a function of tool use profile. 

 

Science Knowledge Test 

 

Differences between clusters of students (tool use profiles) were examined with 

respect to students’ science knowledge test scores to determine if differences exist in 

students' performance as a function of their tool use profile. A one-way analysis of 

covariance (ANCOVA) was performed with cluster membership (tool use profile) as the 

independent variable, pre-test score on the science knowledge test as the covariate, and 

students' post-test score on the science knowledge test as the dependent variable. This 

analysis was conducted to answer the fourth research question, " If tool use profiles 

emerge, do differences exist between these profiles in terms of their performance on 

content tests?" 
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Recommendation Scores 

 

Differences between clusters of students (tool use profiles) were examined with 

respect to students’ recommendation scores to determine if differences exist in students' 

performance as a function of their tool use profile. A one-way analysis of variance 

(ANOVA) was performed with cluster membership (tool use profile) as the independent 

variable and recommendation score as the dependent variable. This analysis was also 

conducted to answer the fourth research question, "If tool use profiles emerge, do 

differences exist between these profiles in terms of their performance on content tests?" 

 

Hypermedia Learning Experience Questionnaire 

 

Differences between clusters in terms of students' experience of the hypermedia 

lesson was examined.  First, a factor analysis was conducted and used to identify 

underlying dimensions explaining students' responses to the Hypermedia Learning 

Experience Questionnaire. Once data reduction was achieved by factor analysis, students' 

factor scores were then retained as dependent variables for an analysis in connection with 

students' tool use profile. A one-way MANOVA was performed with students' tool use 

profile as the independent variable, and their factor scores as the dependent variables. 

This analysis was conducted to answer the fifth research question, "If tool use profiles 

emerge, do differences exist between these profiles in terms of their hypermedia learning 

experience?" 
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When post-hoc analyses needed to be performed to identify which dependent 

variable was contributing to the significant multivariate difference, independent t-tests 

were conducted on the dependent variables separately and the ∝ was adjusted to take into 

account the number of analyses  performed (Stevens, 1997). 
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Chapter 5:  Results 

 

This chapter presents the findings related to the research questions presented in 

Chapter 3.  

Research Question 1 

 

The navigational profiles of all 163 students were reduced to five general profiles 

to account for the variation in the frequency of navigational choices. The cluster analysis 

results are presented in Tables 2 and 3. Table 2 presents the unstandardized means of  

Table 2.  Means (and Standard Deviations) for Tool Access for 15 Days of Use by
Clusters.

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Tools That (n= 45) (n= 32) (n= 12) (n= 56) (n= 18)

Share Cognitive Load

Alien database 18.24 (7.12) 30.97 (10.77) 18.67 (6.05) 16.61 (6.36) 27.22 (7.83)
Solar database 23.71 (7.04) 29.81 (12.47) 29.25 (12.74) 22.64 (11.18) 46.72 (17.67)
Concept database 12.11 (6.57) 10.34 (5.02) 10.67 (4.96) 7.93 (5.15) 10.44 (7.46)
Mission database 34.40 (13.00) 38.09 (16.82) 45.92 (20.00) 32.34 (16.45) 72.22 (26.40)
Periodic chart 7.62 (6.72) 12.59 (7.86) 9.33 (4.75) 4.79 (3.14) 12.56 (6.06)
Spectrogram 11.69 (5.83) 20.09 (8.03) 14.50 (5.82) 11.59 (6.63) 25.50 (6.27)

Support Cognitive Processing

Notebook 71.89 (31.03) 71.97 (28.78) 96.42 (38.14) 57.79 (26.04) 117.67 (40.88)
Bookmark 2.09 (1.79) 1.72 (1.87) 11.00 (4.09) 1.29 (1.26) 2.61 (2.17)
Expert 6.76 (3.68) 11.78 (6.71) 18.17 (9.62) 6.64 (5.24) 7.50 (5.23)

Support Activities Not Possible Otherwise

Probe builder 36.38 (10.88) 48.47 (15.84) 27.17 (7.54) 19.27 (8.60) 35.67 (8.31)
Probe launcher 25.91 (9.57) 37.06 (14.90) 20.25 (9.12) 11.21 (5.47) 21.61 (9.61)

Support Hypothesis Testing

Control room 23.40 (7.95) 37.81 (12.64) 17.58 (8.74) 10.93 (6.58) 25.11 (7.42)
Solution form 24.62 (9.87) 27.91 (15.71) 28.00 (13.18) 21.77 (13.39) 34.44 (14.66)
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Table 3.  Means (and Standard Deviations) for Tool Access Time (Hours) for 15 Days of
Use by Clusters.

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Tools That (n= 45) (n= 32) (n= 12) (n= 56) (n= 18)

Share Cognitive Load

Alien database 2.79 (1.26) 2.47 (0.80) 2.57 (1.01) 3.14 (1.48) 3.00 (0.99)
Solar database 1.52 (0.73) 1.12 (0.47) 1.84 (0.88) 1.67 (0.79) 1.87 (0.85)
Concept database 0.98 (0.70) 0.75 (0.69) 0.90 (0.84) 0.75 (0.76) 0.45 (0.54)
Mission database 0.14 (0.15) 0.19 (0.15) 0.12 (0.07) 0.15 (0.21) 0.22 (0.13)
Periodic chart 0.04 (0.05) 0.06 (0.04) 0.04 (0.03) 0.02 (0.02) 0.06 (0.04)
Spectrogram 0.08 (0.07) 0.13 (0.08) 0.07 (0.03) 0.11 (0.14) 0.19 (0.22)

Support Cognitive Processing

Notebook 2.82 (1.20) 2.18 (1.19) 3.29 (1.75) 2.76 (1.44) 3.58 (1.39)
Bookmark 0.01 (0.04) 0.00 (0.01) 0.06 (0.06) 0.01 (0.03) 0.01 (0.02)
Expert 1.19 (0.62) 1.54 (0.83) 1.62 (0.78) 1.01 (0.59) 1.33 (0.77)

Support Activities Not Possible Otherwise

Probe builder 1.34 (0.49) 1.68 (0.60) 1.18 (0.48) 1.06 (0.69) 1.45 (0.68)
Probe launcher 0.37 (0.22) 0.42 (0.29) 0.31 (0.25) 0.15 (0.15) 0.21 (0.15)

Support Hypothesis Testing

Control room 0.77 (0.55) 0.92 (0.62) 0.52 (0.37) 0.43 (0.45) 0.89 (0.55)
Solution form 1.18 (0.60) 1.13 (0.62) 1.35 (0.44) 1.27 (0.55) 1.46 (0.57)

 

accessing each cognitive tool. Table 3 presents the unstandardized means of the total 

amount of time spent using each cognitive tool. Appendix H presents descriptive statistics 

of accessing each cognitive tool and descriptive statistics of the total amount of time 

spent using each cognitive tool, for each of the five stages. 

To interpret the student clusters frequency of tool access by student cluster, and 

time spent with tools by student cluster were plotted. Standard scores for the frequency of 

tool access by cluster were plotted for overall frequency of tool access, and tool access at 

each of five stages. Standard scores for time spent with tool by cluster were similarly 

plotted (see Appendix I1-I12). With respect to time spent with the tools, clusters did not 
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deviate substantially from one another.  With a few noted exceptions, the standard scores 

for all clusters rarely deviated ± .05 standard deviation units from the mean. With respect 

to time spent with the tools the standard scores for all five clusters remained in the center  

of the standard score distribution. This was true whether data were considered for the 

entire 15 days of use, or stage by stage. Therefore, tool access frequencies were used to 

interpret the clusters. In particular, tool access frequencies with standard scores near or 

above one standard deviation were used in defining tool use profiles. Such a result 

represented a substantial deviation. 

  

Research Question 2 

 

Tool Use Co-occurrence: Overall 

 

The means for tool use co-occurrence for each of the five clusters are presented in 

Table 4. The analysis of tool use co-occurrence yielded a significant multivariate result 

(F(2, 8)=8.648, p<.001). The results of the one-way MANOVA are presented in Table 5. 

Univariate ANOVAs, performed for each of the dependent variables, indicated that 

differences in both categories of tool use co-occurrence contributed to this overall 

significance: Screen-to-Window tool use co-occurrence (F(4, 155)=8.147, p<.001) and 

Window-to-Window tool use co-occurrence (F(4, 155)=18.203, p<.001). Post-hoc 

comparisons were performed using a Bonferroni adjustment of α = .05 divided by the 

number of comparisons (10) to maintain the experimental Type I error rate at α = .05. 
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Table 4.  Means (and Standard Deviations) of Tool Use Co-occurrence for 15 days of use.

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Tool Use
Co-occurrence

(n= 45) (n= 32) (n= 12) (n= 56) (n= 18)

Screen-to-
Window

181.57 (93.82) 193.26 (92.92) 230.67 (96.95) 151.86 (80.06) 286.41 (98.16)

Window-to-
Window

129.61 (51.82) 135.84 (68.07) 227.00 (78.77) 97.98 (53.82) 206.12 (72.14)

 

Table 5. Analysis of Variance for Tool Use Co-occurrence across Clusters.

Sum of
Squares df Mean

Square F Prob.

Screen-to-
Window

Between Groups 262308.121 4 65577.030 8.147 0.000

Within Groups 1247578.372 155 8048.893
Total 1509886.493 159

Window-to-
Window

Between Groups 265580.372 4 66395.093 18.203 0.000

Within Groups 565361.372 155 3647.493
Total 2223.227 162

 

According to this strict criteria a variable needed to have a significance level of p < .005 

to be considered statistically significant. 

Post-hoc analyses indicated there were significant differences between cluster 4 

and cluster 5 (p < .001) with respect to Screen-to-Window tool use co-occurrence. Thus, 

with respect to Screen-to-Window tool use co-occurrence, the students in cluster 5 
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exhibited significantly greater tool use co-occurrence (M=286.41, SD=98.16) than the 

students in cluster 4 (M=151.86, SD=80.06). Post-hoc analyses indicated there were 

significant differences between cluster 1 and cluster 3 (p < .001), between cluster 1 and 5 

(p < .001), between cluster 2 and cluster 3 (p < .001), between cluster 3 and cluster 4 (p < 

.001), and between cluster 4 and cluster 5 (p < .001) with respect to Window-to-Window 

tool use co-occurrence. Thus, with respect to Window-to-Window tool use co-

occurrence, students in cluster 3 (M=227.00, SD=78.77) and cluster 5 (M=206.12, 

SD=72.14) both exhibited significantly higher tool use co-occurrence than students in 

cluster 1 (M=129.61, SD=51.82). Students in cluster 3 also exhibited significantly higher 

tool use co-occurrence (M=227.00, SD=78.77) than students in cluster 2 (M=135.84, 

SD=68.07), and students in cluster 3 and cluster 5 (M=206.12, SD=72.14) both exhibited 

significantly greater Window-to-Window tool use co-occurrence than students in cluster 

4 (M=97.98, SD=53.82). 

 

Tool Use Co-occurrence: Stage-by-Stage 

 

The means for tool use co-occurrence at each of the five stages for each of the 

five clusters are presented in Tables 6-7, and Figures 5-6. Multivariate analysis yielded a 

significant result for the within-subjects factor of time of measurement (F(8, 

147)=28.135, p<.000), and a significant result for the cluster membership by time 

interaction (F(32, 543.704)=2.143, p<.001). However, the cell sizes used for the analysis 

were unequal. An issue with unequal cell sizes can be unequal variances/covariances  
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Table 6.  Means (and Standard Deviations) of Screen-to-Window Tool Use Co-occurrence
by Clusters Across

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
Cluster

Cluster 1
(n=45) 41.09 (47.83) 74.59 (57.54) 30.52 (34.82) 27.07 (30.25) 8.3 (11.21)

Cluster 2
(n=32) 42.03 (56.77) 60.48 (41.72) 43.26 (41.48) 28.61 (24.20) 18.87 (19.83)

Cluster 3
(n=12) 70.83 (55.62) 63.33 (56.08) 45.83 (63.66) 35.08 (35.62) 15.58 (15.52)

Cluster 4
(n=56) 36.09 (40.48) 56.88 (46.05) 25.54 (32.25) 21.96 (24.19) 13.34 (23.08)

Cluster 5
(n=18) 43.71 (72.02) 87.53 (61.91) 82.71 (63.60) 40.76 (26.81) 31.71 (28.97)

 

 

Table 7.  Means (and Standard Deviations) of Window-to-Window Tool Co-occurrence
by Clusters Across Stages.

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
Cluster

Cluster 1
(n=45) 35.75 (37.01) 44.43 (26.11) 22.89 (16.80) 17.39 (14.63) 9.16 (10.55)

Cluster 2
(n=32) 36.55 (45.00) 42.71 (27.78) 25.77 (23.29) 15.61 (13.94)  15.19 (25.17)

Cluster 3
(n=12) 55.50 (41.19) 53.42 (25.01) 52.75 (53.50) 53.92 (60.56)  11.42 (10.13)

Cluster 4
(n=56)

22.21 (23.16) 33.18 (26.99) 21.02 (19.61) 15.57 (18.11) 7.56 (9.83)

Cluster 5
(n=18) 33.41 (39.15) 71.29 (46.20) 53.41 (44.87) 22.12 (11.98) 25.88 (21.52)

 62 
 



Stage

54321

E
st

im
at

ed
 M

ar
gi

na
l M

ea
ns

100

80

60

40

20

0

Cluster

              1

              2

              3

              4

              5

 

Figure 5. Estimated marginal means of frequency of Screen-to-Window tool use co-
occurrence for clusters by stage. 
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Figure 6. Estimated marginal means of frequency of Window-to-Window tool use co-
occurrence for clusters by stage. 
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between groups. Rather than visually inspecting all the matrices to determine which ones 

tend to have larger variances and covariances in general, Stevens (1996) suggests 

calculating the determinant for each group and then comparing them between groups. 

Thus, to see how unequal cell sizes might affect analyses in this study, the determinant 

for each group was calculated and then compared between groups. Smaller groups with 

larger determinants indicates liberal F-tests, larger groups with larger determinants 

indicates conservative F-tests (Stevens, 1996). The determinant for group 1 (n=45), group 

2 (n=32), group 3 (n=12), group 4 (n=56), and group 5 (n=18) respectively were:  61.508, 

61.166, 60.810, 59.907, 66.063. On average the smaller groups tended to have larger 

determinants, therefore the multivariate F-test may be liberal. The sphericity assumption 

was not met so the Huynh-Feldt correction was used with univariate ANOVAs (Screen-

to-Window, Window-to-Window). 

With respect to Screen-to-Window tools use co-occurrence the main effect of 

time of measurement was significant (F(2.982, 459.252)=26.864, p<.001). In other 

words, there was a statistically significant difference in the frequency of Screen-to-

Window tool use co-occurrence across stages. Post-hoc comparisons were performed 

using the Bonferroni adjustment for multiple comparisons. There was a significant 

increase between stage 1 and stage 2 (p<.020) and a significant decrease between stage 1 

and stage 5 (p<.001). For each of the remaining stages there were significant decreases 

between a stage and subsequent stages. There was a significant decrease between stage 2, 

and stage 3 (p<.001), stage 4 (p<.001), and stage 5 (p<.001). There was a significant 

decrease between stage 3, and stage 4 (p<.006) and stage 5 (p<.001). There was a 
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significant decrease stage 4, and stage 5 (p<.001). With respect to Screen-to-Window tool 

use co-occurrence the interaction of time by cluster membership was not significant 

(F(11.929, 459.252)=1.403, p<.161). Frequency of Screen-to-Window tool use co-

occurrence did not vary significantly by cluster membership. 

With respect to Window-to-Window tool use co-occurrence the main effect of 

time of measurement was significant (F(3.251, 500.693 )=28.597, p<.001). There was a 

statistically significant difference in the frequency of Window-to-Window tool use co- 

occurrence across stages. Post-hoc comparisons were performed using the Bonferroni 

adjustment for multiple comparisons. There was a significant increase between stage 1 

and stage 2 (p<.027), and a significant decrease between stage 1 and stage 5 (p<.001). 

For each of the remaining stages there were significant decreases between a stage and 

subsequent stages. There was a significant decrease between stage 2, and stage 3 

(p<.003), stage 4 (p<.001), and stage 5 (p<.001). There was a significant decrease 

between stage 3, and stage 4 (p<.012) and stage 5 (p<.001). There was a significant 

decrease between stage 4, and stage 5 (p<.001). 

With respect to Window-to-Window tool use co-occurrence the interaction of 

time by cluster membership was significant (F(13.005, 500.693)=2.197, p<.009). In other 

words, frequency of Window-to-Window tool use co-occurrence did vary significantly by 

cluster membership. Post-hoc comparisons were performed to decompose interactions. 

Rather than analyzing all pair-wise comparisons, I determined in advance to focus on 

sixteen comparisons after reviewing the results. Because this was an exploratory study 

this decision was based simply on visual inspection of the results. At stage 1 I was 
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interested in comparing cluster 3 versus cluster 4. At stage 2 I was interested in clusters 1, 

2, and 3 versus cluster 5. At stage 3 I was interested in clusters 1, 2, and 4 versus clusters 

3 and 5. At stage 4 I was interested in clusters 1, 2, 4, and 5 versus cluster 3. At stage 5 I 

was interested in clusters 1 and 4 versus cluster 5. Post-hoc comparisons were performed 

using a Bonferonni adjustment of α = .05 divided by the number of comparisons (16) to 

maintain the experimental Type I error rate at α = .05. According to these strict criteria a 

variable needed to have a significance level of p < .003 to be considered statistically 

significant. At stage 1 the frequency of Window-to-Window tool use co-occurrence was 

significantly greater for cluster 3 than cluster 4 (p<.003). At stage 2 the frequency of 

Window-to-Window tool use co-occurrence was significantly greater for cluster 5 than 

cluster 1 (p<.002), cluster 2 (p<.002), and cluster 4 (p<.001). At stage 3 the frequency of 

Window-to-Window tool use co-occurrence was significantly greater for cluster 3 than 

cluster 1 (p<.001) and cluster 4 (p<.001), but not cluster 2 (p<.004). And the frequency of  

Window-to-Window tool use co-occurrence was greater for cluster 5 than cluster 1 

(p<.001), cluster 2 (p<.001), and cluster 4 (p<.001). At stage 4 the frequency of Window-

to-Window tool use co-occurrence was greater for cluster 3 than cluster 1 (p<.001), 

cluster 2 (p<.001), cluster 4 (p<.001), and cluster 5 (p<.001). At stage 5 the frequency of 

Window-to-Window tool use co-occurrence was greater for cluster 5 than cluster 1 

(p<.001) and cluster 4 (p<.001). 
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Research Question 3 

 

Frequency of Browsing Constructs: Overall 

 

The overall means for browsing constructs for each of the five clusters are 

presented in Table 8. The results of the one-way MANOVA are presented in Table 9. 

Table 8.  Means (and Standard Deviations) of Browsing Constructs for 15 Days of Use.

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5

Browsing
Construct

(n= 45) (n= 32) (n= 12) (n= 56) (n= 18)

Spike 13.67 (5.60) 16.00 (6.13) 17.58 (6.65) 10.50 (5.07) 17.39 (7.90)

Ring 5.96 (2.98) 7.97 (3.75) 5.25 (3.02) 4.32 (2.90) 9.28 (4.56)

Loop 7.02 (3.64) 9.63 (5.07) 8.67 (4.60) 5.34 (3.62) 10.89 (4.59)

Path 5.73 (2.16) 8.47 (3.89) 7.67 (2.53) 4.77 (2.32) 8.33 (3.45)

 

The analysis of browsing constructs yielded a significant multivariate result (F(4, 

16)=5.482, p<.001). Univariate ANOVAs, performed for each of the dependent variables, 

indicated that differences in all categories of browsing construct contributed to this 

overall significance: spike (F(4, 158)=8.384, p<.001), ring (F(4, 158)=10.884, p<.001), 

loop (F(4, 158)=9.382, p<.001) and path (F(4, 158)=12.489, p<.001. Post-hoc 

comparisons were performed using a Bonferroni adjustment of α = .05 divided by the 
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number of comparisons (10) to maintain the experimental Type I error rate at α = .05. 

According to this strict criteria a variable needed to have a significance level of p < .005  

to be considered statistically significant. Post-hoc analyses indicated there were 

significant differences between cluster 2 and cluster 4 (p < .002) and cluster 5 and cluster 

4 (p < .001) with respect to frequency of spikes; between cluster 2 and cluster 4 (p < 

.001) and cluster 5 and cluster 4 (p < .001) with respect to frequency of rings; between 

cluster 2 and cluster 4 (p < .001) and cluster 5 and cluster 4 (p < .001) with respect to 

frequency of loops; and between cluster 1 and cluster 2 (p < .002), cluster 2 and cluster 4  

Table 9. Analysis of Variance for the Browsing Constructs across Clusters.

Sum of
Squares df Mean

Square F Prob.

Spike Between Groups 1168.462 4 292.115 8.384 0.000
Within Groups 5505.194 158 34.843
Total 6673.656 162

Ring Between Groups 480.272 4 120.068 10.884 0.000
Within Groups 1742.955 158 11.031
Total 2223.227 162

Loop Between Groups 639.273 4 159.818 9.382 0.000
Within Groups 2691.476 158 17.035
Total 3330.748 162

Path Between Groups 392.497 4 98.124 12.489 0.000
Within Groups 1241.418 158 7.857
Total 1633.914 162

(p < .001), and cluster 5 and cluster 4 (p < .001) with respect to frequency of paths. 
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Thus, with respect to the four browsing constructs, students in clusters 2 

(M=16.00, SD=6.13) and 5 (M=17.39, SD=7.90) executed a greater number of spikes 

than cluster 4 (M=10.50, SD=5.07). Students in clusters 2 (M=7.97, SD=3.75) and 5 

(M=9.28, SD=4.56) executed a greater number of rings than cluster 4 (M=4.32, SD=2.90). 

Students in clusters 2 (M=9.63, SD=5.07) and 5 (M=10.89, SD=4.59) executed a greater 

number of loops than cluster 4 (M=5.34, SD=3.62). Students in clusters 2 (M=8.47, 

SD=3.89) and 5 (M=8.33, SD=3.45) executed a greater number of paths than cluster 4 

(M=4.77, SD=2.32). Finally, students in cluster 2 (M=8.47, SD=3.89) also executed a 

greater number of paths than students in cluster 1 (M=5.73, SD=2.16). Furthermore, 

compared to all the clusters, the students in cluster 2 executed the greatest number of 

paths; the students in cluster 5 executed the greatest number of rings and loops; and 

cluster 4 executed the least number of all four browsing constructs. 

 

Frequency of Browsing Constructs: Stage-by-Stage 

 

The means for each of the four browsing constructs at each of the five stages for 

each of the five clusters are presented in Tables 10-13. 

  The multivariate analysis yielded a significant result for the within subjects factor 

(time of measurement) (F(16, 140)=17.355, p<.001), and a significant result for the 

cluster membership by time interaction (F(64, 550.351)=1.955, p<.001). However, the 

cell sizes used for the analysis were unequal. Again, to see how unequal cell sizes might 

affect my analyses, I calculated the determinant for each group and then compared them  
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* p< .003

Table 10.  Means (and Standard Deviations) of Spikes by Clusters Across Stages.

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
Cluster

Cluster 1
(n=45) 3.36 (2.36) 4.18* (2.96) 2.27 (1.89) 2.16* (1.78) 2.00 (1.74)

Cluster 2
(n=32)

3.52 (2.53) 4.26* (2.10) 3.42* (2.35) 2.77 (2.51) 2.55* (2.06)

Cluster 3
(n=12)

3.33 (2.71) 3.83 (3.49) 3.25* (2.22) 4.75* (3.82) 2.42 (1.93)

Cluster 4
(n=56) 2.27 (1.84) 4.12 (2.52) 1.32* (1.54) 1.68* (1.88) 1.11* (1.30)

Cluster 5
(n=18) 3.06 (3.46) 6.88* (4.33) 3.94* (2.46) 2.82 (1.67) 1.71 (1.21)
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Figure 7. Estimated marginal means of frequency of spikes for clusters by stage. 
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Table 11.  Means (and Standard Deviations) of Rings by Clusters Across Stages.

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
Cluster

Cluster 1
(n=45) 0.68 (0.77) 1.61 (1.37) 1.30 (1.29) 1.66 (1.33) 1.52 (1.49)

Cluster 2
(n=32) 0.52 (0.85) 1.74 (1.41) 2.16 (1.49) 2.23 (2.11) 2.10 (2.10)

Cluster 3
(n=12) 0.50 (0.52) 1.33 (1.37) 1.25 (1.87) 1.33 (1.37) 1.33 (0.89)

Cluster 4
(n=56) 0.25 (0.44) 1.09 (1.27) 1.02 (1.26) 1.57 (1.40) 0.64 (0.84)

Cluster 5
(n=18) 1.41 (1.62) 2.76 (1.72) 2.24 (1.60) 2.47 (2.38) 2.35 (1.66)
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Figure 8. Estimated marginal means of frequency of rings for clusters by stage. 
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Table 12.  Means (and Standard Deviations) of Loops by Clusters Across Stages.

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
Cluster

Cluster 1
(n=45) 0.50 (0.76) 1.50 (1.91) 2.09 (1.57) 2.09 (1.95) 1.00 (1.29)

Cluster 2
(n=32) 1.19 (1.20) 1.61 (1.87) 2.35 (1.68) 2.39 (1.65) 2.39 (2.36)

Cluster 3
(n=12) 1.42 (1.56) 1.92 (2.35) 2.00 (0.95) 1.50 (1.31) 1.83 (1.70)

Cluster 4
(n=56) 0.34 (0.64) 0.96 (1.35) 1.04 (1.35) 1.96 (1.66) 1.04 (1.35)

Cluster 5
(n=18) 1.24 (1.60) 2.00 (1.84) 2.71 (1.72) 2.59 (1.81) 3.00 (2.45)
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Figure 9. Estimated marginal means of frequency of loops for clusters by stage. 
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Table 13.  Means (and Standard Deviations) of Paths by Clusters Across Stages.

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
Cluster

Cluster 1
(n=45) 0.86 (0.91) 1.14 (1.11) 1.45 (1.00) 1.52 (1.21) 0.89 (0.95)

Cluster 2
(n=32) 1.26 (1.18) 1.61 (1.38) 2.23 (1.80) 1.87 (1.28) 1.77 (1.69)

Cluster 3
(n=12) 1.00 (1.13) 1.00 (1.04) 1.92 (1.38) 2.17 (1.03) 1.58 (1.38)

Cluster 4
(n=56) 0.70 (0.93) 0.79 (0.85) 0.84 (0.83) 1.48 (1.18) 0.96 (1.08)

Cluster 5
(n=18) 0.71 (0.99) 1.94 (1.44) 1.76 (0.97) 2.18 (1.43) 2.24 (1.64)
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Figure 10. Estimated marginal means of frequency of paths for clusters by stage. 
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between groups. The determinant for group 1 (n=45), group 2 (n=32), group 3 (n=12), 

group 4 (n=56), and group 5 (n=18) respectively were:  6.351, 12.496, (singular variance-

covariance matrix), 0.597, 10.959. On average the smaller groups tended to have larger 

determinants, therefore the multivariate F-test may be liberal. The sphericity assumption 

was not met so the Huynh-Feldt correction was used with univariate ANOVAs (spike, 

ring, loop, path). 

Spikes. With respect to the spike browsing construct the main effect of time of 

measurement was significant (F(3.454, 535.340)=23.409, p<.001). In other words, there 

was a statistically significant difference in the frequency of spikes across stages. Post-hoc 

comparisons were performed using the Bonferroni adjustment for multiple comparisons. 

There was a significant increase between stage 1 and stage 2 (p<.001), and a significant 

decrease between stage 1 and stage 5 (p<.001). For each of the remaining stages there 

were significant decreases between a stage and subsequent stages. There was a significant 

decrease between stage 2, and stage 3 (p<.001), stage 4 (p<.001), and stage 5 (p<.001). 

There was a significant decrease between stage 3, and stage 5 (p<.001). There was a 

significant decrease between stage 4 and stage 5 (p<.002). 

With respect to spikes the interaction of time by cluster membership was 

significant (F(13.815, 535.340)=2.478, p<.002). Frequency of spikes did vary 

significantly by cluster membership. Post-hoc comparisons were performed to 

decompose interactions. Rather than analyzing all pair-wise comparisons, I determined in 

advance to focus on fifteen comparisons after reviewing the results. Again, because this 

was an exploratory study this decision was based simply on visual inspection of the 
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results. At stage 1 I was not interested in comparing clusters. At stage 2 I was interested 

in clusters 1, 2, 3, and 4 versus cluster 5. At stage 3 I was interested in clusters 2, 3, and 5 

versus cluster 4; and cluster 1 versus cluster 5. At stage 4 I was interested in clusters 1, 2, 

and 4 versus cluster 3. At stage 5 I was interested in clusters 1, 2, 3, and 5 versus cluster 

4. Post-hoc comparisons were performed using a Bonferonni adjustment of α = .05 

divided by the number of comparisons (15) to maintain the experimental Type I error rate 

at α = .05. According to this strict criteria a variable needed to have a significance level 

of p < .003 to be considered statistically significant. At stage 2 the frequency of spikes  

was significantly greater for cluster 5 than cluster 1 (p<.001), cluster 2 (p<.003), and 

cluster 4 (p<.001), but not cluster 3 (p<.006). At stage 3 the frequency of spikes was 

significantly lower for cluster 4 versus cluster 2 (p<.001), cluster 3 (p<.002), and cluster 

5 (p<.001); and significantly lower for cluster 1 versus cluster 5 (p<.003). At stage 4 the 

frequency of spikes was significantly higher for cluster 3 versus cluster 1 (p<.001) and 

cluster 4 (p<.001), but not cluster 2 (p<.008). At stage 5 the frequency of spikes was 

significantly lower for cluster 4 versus cluster 2 (p<.001), but not cluster 1 (p<.008), 

cluster 3 (p<.013), or cluster 5 (p<.189). 

Rings. With respect to the ring browsing construct the main effect of time of 

measurement was significant (F(3.854, 597.378)=13.596, p<.001). In other words, there 

was a statistically significant difference in the frequency of rings across stages. Post-hoc 

comparisons were performed using the Bonferroni adjustment for multiple comparisons. 

There was a significant increase between stage 1 and stage 2 (p<.001), stage 3 (p<.001), 

stage 4 (p<.001), and stage 5 (p<.001). For stages 2-5 there were no significant increases 
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or decreases between a stage and subsequent stages. With respect to rings the interaction 

of time by cluster membership was not significant (F(15.416, 597.378)=1.007, p<.447). 

Frequency of rings did not vary significantly by cluster membership. 

Loops. With respect to the loop browsing construct the main effect of time of 

measurement was significant (F(3.723, 576.993)=11.230, p<.001). In other words, there 

was a statistically significant difference in the frequency of loops across stages. Post-hoc 

comparisons were performed using the Bonferroni adjustment for multiple comparisons. 

There was a significant increase between stage 1 and stage 2 (p<.005), stage 3 (p<.001), 

stage 4 (p<.001), and stage 5 (p<.001). For stages 2-5 there were no significant increases 

or decreases between a stage and subsequent stages. With respect to loops the interaction 

of time by cluster membership was not significant (F(14.890, 576.993)=1.627, p<.063). 

Frequency of loops did not vary significantly by cluster membership. 

Paths. With respect to the path browsing construct the main effect of time of 

measurement was significant (F(4.000, 620.000)=11.060, p<.001). In other words, there 

was a statistically significant difference in the frequency of paths across stages. Post-hoc 

comparisons were performed using the Bonferroni adjustment for multiple comparisons. 

There was a significant increase between stage 1 and stage 2 (p<.025), stage 3 (p<.001), 

stage 4 (p<.001), and stage 5 (p<.003); and between stage 2 and stage 4 (p<.004). For 

stages 3-5 there were no significant increases or decreases between a stage and 

subsequent stages. With respect to paths the interaction of time by cluster membership 

was not significant (F(16.000, 620.000)=1.565, p<.073). Frequency of paths did not vary 

significantly by cluster membership.  
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Summary: Research Questions 1-3 

 

Table 14 summarizes the main findings from research questions 1-3. This 

summary will be revisited and updated in Chapter 6 to reflect further interpretation of 

results. Cognitive tool use resulted in five tool use profiles. The cognitive tools 

scaffolded (Window-to-Window tool use co-occurrence) cluster 3 and cluster 5 in the 

form of understanding the problem/identifying, gathering, and organizing information. 

The cognitive skills of understanding the problem/identifying, gathering, and organizing 

information are pertinent early in the problem solving process. Furthermore, while 

students in cluster 5 experienced scaffolding in early problem solving skills at stage 2, 

students in cluster 3 experienced scaffolding in early problem solving skills at stages 1, 3, 

and 4. In addition, the cognitive tools scaffolded (Screen-to-Window tool use co-

occurrence) the students in cluster 5 in the form of integrating information/evaluating 

learning outcomes and processes. The cognitive skills of integrating 

information/evaluating learning outcomes and processes are pertinent late in the problem 

solving process. With respect to information search behavior, cluster 2 and cluster 5 

displayed the greatest frequency of all four search behaviors (browsing constructs): 

category selection (spikes), information extraction (ring), information integration (loop), 

and information recycling (path). Furthermore, information search behavior indicative of 

category selection was associated with students in cluster 5 early in the problem solving 

process, was associated with students in cluster 2 near the middle of the problem solving 
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process, and was associated with students in cluster 3 closer to the end of the problem 

solving process.  

Early Problem 
Solving Skills 

(Window-to-Window)

Late Problem Solving 
Skills (Screen-to-

Window)

Category 
Selection 
(Spikes)

Information 
Extraction 

(Rings)

Information 
Extraction 
(Loops)

Information 
Recycling 
(Paths)

Yes / Middle of 
problem solving Yes Yes Yes

Yes / Stages 1, 3, 4
Middle-to-late in 
problem solving

Yes / Stage 2
Yes / Early in 
problem solving Yes Yes Yes

4

5

Cluster

1

2

3

Tool Use Profile?

Research Question 1

Associated with Cognitive Scaffolding (Tool 
Use Co-occurrence)? Associated with Information Search Behavior (Browsing Constructs)?

Research Question 2 Research Question 3

 

 

Table 14. Summary of main findings from research questions 1-3. 

 

Research Question 4 

 

The means for scores on the Science Knowledge Test and Recommendations for 

each of the five clusters are presented in Table 15 and Table 16. 

The results of the analysis of covariance are contained in Table 17. The covariate, 

pre-test, was significantly related to the independent variable of cluster membership (F(1, 

140)=48.370, p<.001).  There was no significant effect of cluster membership after 

controlling for the effect of pre-test score (F(4, 140)=2.404, p<.053). Results did not 

indicate a significant difference between clusters with respect to performance on the 

multiple choice post-test. The results of the analysis of variance are contained in Table 
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18. The results of the ANOVA did not indicate a significant effect (F(4, 138)=1.550, 

p<.191). Results did not indicate a significant difference between clusters with respect to 

performance on the open-ended recommended solutions. 

Table 14. Means (and Standard Deviations) of Post-test Scores across Clusters.

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
(n= 45) (n= 32) (n= 12) (n= 56) (n= 18)

Post-test score 83.07 (13.55) 83.50 (10.54) 85.70 (8.87) 76.20 (13.86) 88.75 (10.93)

Table 15. Means (and Standard Deviations) of Post-test Scores by Cluster 
 

ters.

T

 
 

Table 15. Means (and Standard Deviations) of Solution Scores across ClusTable 16. Means (and Standard Deviations) of Solution Scores by Cluster 
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
(n= 45) (n= 32) (n= 12) (n= 56) (n= 18)

Solution
score

88.67 (8.05) 85.93 (6.86) 89.70 (8.98) 87.91 (7.93) 91.50 (5.53)

able 17. Analysis of Covariance for Students' Post-test Scores across Clusters. 

      

Source Sum of 
Squares df Mean Square F Prob. 

 
 

Corrected Model 8430.156 5 1686.031 14.146 0.000 
Intercept 48351.485 1 48351.485 405.684 0.000 
Pre-test 5765.014 1 5765.014 48.370 0.000 
Cluster 1146.294 4 286.573 2.404 0.053 
Error 16685.906 140 119.185  
Total 996189.000 146  
Corrected Total 25116.062 145  
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Table 18. Analysis of Variance for Students' Solution Scores across Clusters. 
 
      

Source Sum of 
Squares df Mean 

Square F Prob. 

  
  
Between Groups 358.854 4 89.713 1.550 0.191
Within Groups 7987.048 138 57.877
Total 8345.902 142
  
 

 

Research Question 5 

 

For the factor analysis, intercorrelations among the 163 students were computed across 

the 25 items of the questionnaire. Principal components analysis was applied followed by 

a varimax rotation to derive the factors.  Since this was an exploratory factor analysis, 

and for purposes of parsimony, any item which failed to load significantly on any factor 

was removed. Consequently thirteen questionnaire items were removed. A second factor 

analysis was conducted on the remaining twelve questionnaire items, and 

intercorrelations among all the students were computed across these items. Again, 

principal components analysis was applied followed by a varimax rotation. 

To determine the optimal number of factors, a scree test was used (Stevens, 

1997). For this sample of 163 students, a four-factor solution accounted for over half 

(53%) of the variance, a relatively high percentage. After varimax rotation the first factor 

accounted for 23% of the variance, the second for 12%, the third for 9%, and the fourth 
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factor for 8%. To examine the degree to which the varimax rotation achieved simple 

structure, questionnaire items were classified into four non-overlapping groups based on 

their factor loadings. Items were considered clear exemplars of a factor only if they met 

three criteria: (a) their highest loading on one factor was greater than or equal to .40, (b) 

the next highest loading was at least .20 below the highest one, and (c) if the subjects' 

loadings did not exceed .30 on more than one factor. Questionnaire items not meeting 

these criteria were not included in the interpretation of factors (Table 19). 

The resulting empirical factors were interpreted in terms of Yang's (2002) 

taxonomy of cognitive processes. In studying how hypermedia can be used as a tool to 

guide students’ cognitive behavior, Yang (2002) studied learners’ cognitive processes 

while solving an ill-structured problem using a hypermedia learning environment called 

Perseus. Based upon the findings, Yang created a multidimensional taxonomy to describe 

the specific cognitive processes that learners used. The eight categories of processes in 

the taxonomy are (1) executive control; (2) information-seeking; (3) interpreting; (4) 

intertextuality; (5) reflexivity; (6) reasoning; (7) structuring; and (8) affective responses. 

Each category consists of additional processes. The results showed that cognitive 

processes can be task specific and therefore “although there were some core functional 

characteristics of the cognitive process involved, the scheme is contingent upon a variety 

of thinking processes” (p. 62).  

The attributes of the first factor in our analysis fell into Yang's (2002) affective 

category, specifically positive affect. Items in the first factor include "Alien Rescue was 

fun because you had to figure it out yourself," "Alien Rescue was good because it looked  
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Table 19.  Items and Factor Loadings for the Hypermedia Learning Experience 
Questionnaire. 
_____________________________________________________________________________________________

Item     Factor 1        Factor 2        Factor 3        Factor 4

                                                                         Positive    Information     Negative   Intertextuality
                                                                          Affect          Seeking         Affect 
______________________________________________________________________________

Because it gives you a little bit 
of everything Alien Rescue software
helps you when you are figuring things out. 0.62            -0.02                0.24            -0.06

Alien Rescue was fun because you had
to figure it out yourself. 0.66              0.34                0.02            -0.11

Alien Rescue was good because it 
looked so interesting. 0.75               0.11              -0.06              0.02

When working on Alien Rescue I knew where
to look. 0.55             -0.09              -0.32             -0.27

Alien Rescue was fun because the teacher
didn't do it for you. 0.66               0.24              -0.15              0.08

Before doing what needs to be done, a person
who does a good job on Alien Rescue checks
everything out and explores.                               0.21 0.61              -0.14             -0.20

A person who does a good job researching in
Alien Rescue gets a little information from
everywhere.                                                         0.05 0.81                0.02              0.08

It took me a while since I didn't know the
controls to move around.                                   -0.04                0.12 0.72               0.15

Since I didn't know how to bring up the
research pages it took me a while.                       0.03              -0.17 0.79              -0.04

A difficult part was that you had to search
through every subject (magnetic fields,
craters, etc.) to find  an answer.                         -0.11              -0.11               0.27 0.65

Because a lot of the planets didn't have what
most aliens needed finding which aliens go
where was hard.                                                   0.04               0.18              -0.02 0.78

Because it was easy to match up the
information between planets and aliens I
was good at finding out which planets the
aliens could live on.                                             0.07               0.42                0.16 -0.55
_____________________________________________________________________________________________

 

 82 
 



so interesting," and "Alien Rescue was fun because the teacher didn't do it for you." 

Yang's affective category of cognitive processes refers to students' feelings, motivations, 

and self-perceptions, such as: expressing emotion, appraising the software, concentrating, 

positive or negative commenting, and evaluative commenting on the software. The 

attributes for the second factor fell into Yang's information-seeking category. Items in the 

second factor include "Before doing what needs to be done, a person who does a good job 

on Alien Rescue checks everything out and explores" and "A person who does a good job 

researching in Alien Rescue gets a little information from everywhere." Yang's 

information seeking category of cognitive processes refers to the process of searching for, 

evaluating, gathering, and managing relevant information. The attributes for the third 

factor fell into Yang's affect category, specifically negative affect. Items in the second 

factor include "It took me a while since I didn't know the controls to move around" and 

"Since I didn't know how to bring up the research pages it took me a while." Again, 

Yang's affective category of cognitive processes refers to appraising the software and 

evaluative commenting on the software. Finally, the attributes for the third factor fell into 

Yang's intertextuality category, as evidenced by the following items: "Because a lot of 

the planets didn't have what most aliens needed finding which aliens go where was hard," 

and " Because it was easy to match up the information between planets and aliens I was 

good at finding out which planets the aliens could live on" (negative factor loading). 

Yang's intertextuality category of cognitive processes refers to the process of making 

connections, generating relationships and integrating relevant material. 
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Students' Positive Affect, Information-seeking, Negative Affect, and 

Intertextuality factor scores were analyzed to determine whether they differed as a 

function of cluster membership (tool use profile). A one-way MANOVA was performed 

with cluster membership (tool use profile) as the independent variable, and students' 

factor scores as the dependent variables (Positive Affect, Information-seeking, Negative 

Affect, and Intertextuality). Table 20 provides the means for the factor scores for each 

cluster. The results indicated there was no significant multivariate difference in students' 

factor scores based on cluster membership (F(4,121) = 0.989, p < .852). 

 

Table 20. Means (and Standard Deviations) of Factor Scores by Cluster 
 T

 

 

 

 

 

 

 

 

 

able 19.  Means (and Standard Deviations) of Factor Scores by Clusters.

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Factor (n= 45) (n= 32) (n= 12) (n= 56) (n= 18)

Factor 1 0.06 (0.93) -0.14 (1.14) -0.12 (0.52) 0.05 (1.02) 0.45 (0.91)
(Positive
Affect)

Factor 2 0.04 (0.93) -0.07 (1.10) 0.07 (1.09) -0.10 (1.02) 0.29 (0.99)
Information-
seeking)

Factor 3 0.18 (0.92) 0.15 (1.17) -0.20 (0.57) -0.15 (0.92) -0.45 (0.95)
(Negative
Affect)

Factor 4 0.23 (0.85) -0.02 (1.14) -0.22 (0.91) -0.06 (1.05) 0.02 (1.01)
(Intertextuality)
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Chapter 6: Discussion 

 

The goal of this study was to develop a methodology which could measure the 

nature of cognitive processing facilitated by cognitive tool use. Analyses were conducted 

to determine if different tool use profiles emerged. These profiles were then evaluated in 

terms of tool use co-occurrence and browsing constructs, and in terms of students' 

hypermedia learning performance and experience. This chapter will discuss the results of 

the study by responding to each of the research questions presented in Chapter 3. 

 

Research Question 1 

 

Definition of Student Clusters 

 

 The order of these clusters corresponds to the order of the clusters mentioned in 

the analyses in Chapter 5. 

The first cluster of students (n=45) used all the tools moderately. With respect to 

the other clusters, this cluster of students did not exhibit tool preferences through 

particularly frequent or infrequent tool use. This was true overall, and stage by stage. The 

cognitive processing style of students in this tool use profile may be labeled “non-

allegiant.” 
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The second cluster of students (n=32) frequently accessed the following set of 

tools with respect to the other clusters: alien database, periodic chart, spectrogram, probe 

builder room, probe launcher room, and control room. The alien database was frequently 

accessed during stages 1, 4, and 5. The periodic chart was frequently accessed during 

stages 1, 2, and 4. The spectrogram was frequently accessed during stages 2, 4, and 5. 

The probe builder room was frequently accessed during all stages. The probe launcher 

room was frequently accessed during all stages. The control room was frequently 

accessed during all stages. It appears this cluster of students was thoroughly engaged in 

the hands-on work of scientific inquiry permitted through simulations. Collectively these 

tools offer an exciting opportunity for sixth graders to physically emulate the work of 

professional scientists. The cognitive processing style of students in this tool use profile 

may be labeled “kinesthetic.” 

The third cluster of students (n=12) frequently accessed the following set of tools: 

expert, bookmark, and notebook. The expert was frequently accessed during stages 1, 2, 

3, and 4. This cluster of students also spent much more time than the other clusters with 

the expert at stage 4. The bookmark was frequently accessed during all stages. In 

addition, this cluster of students spent considerably more time with the bookmark than 

the other clusters during stages 1, 2, 3, and 4. The notebook was frequently accessed 

during stages 1 and 4, and for longer periods of time than any other cluster at stage 1. The 

expert provides video clips in which expert scientists explain how they would address 

aspects of a problem, the bookmark allows student to store images from any part in the 

hypermedia program in the notebook, and the notebook allows students to record 
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information. It appears this cluster of students sought extensive visual guidance through 

video-based and image-based information sources. The cognitive processing style of 

students in this tool use profile may be labeled “visual.” 

The fourth cluster of students (n=56) accessed all the cognitive tools the least in 

comparison with the other clusters. This was true overall, and stage by stage. The 

cognitive processing style of students in this tool use profile may be labeled “infrequent.” 

The fifth cluster of students (n=18) frequently accessed the following set of tools: 

solar database, mission database, spectrogram, and notebook. The solar database was 

frequently accessed during stages 3, 4, and 5. This cluster of students also spent more 

time than the other clusters with the solar database at stage 5. The mission database was 

frequently accessed at stages 2, 3, 4, and 5. This cluster also spent more time than the 

other cluster with the mission database at stage 2. The spectrogram was frequently 

accessed at stages 1, 2, 3, and 5. This cluster also spent more time than the other clusters 

with the spectrogram at stage 3. The notebook was frequently accessed during stages 2, 3, 

4, and 5. This cluster also spent more time than the other clusters with the notebook 

during stages 3 and 5. The solar database contains primarily textual information about our 

sun, the nine planets, and ten of the moons in our solar system. The mission database also 

contains primarily textual information on five landmark probe missions by NASA to 

show how scientists designed probes to collect specific types of data in the past. The 

spectrogram is a chart for use in analyzing data. The notebook is used for collecting and 

organizing written information. It appears this cluster of students was engaged in much 

reading and reflection, earnestly sifting through and analyzing the knowledge databases. 
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The cognitive processing style of students in this tool use profile may be labeled 

“verbal.” 

Before moving on to the remaining research questions, consider the summary of 

the main findings from research questions 1-3 in light of the above interpretation of tool 

use profiles (Table 14). Cognitive tool use resulted in five tool use profiles. Each of these 

tool use profiles was defined by a distinct style of cognitive processing: non-allegiant, 

kinesthetic, visual, infrequent, and verbal. The tool-based cognitive processing style for 

cluster 1 is non-allegiant, for cluster 2 is kinesthetic, for cluster 3 is visual, for cluster 4 is 

infrequent, and for cluster 5 is verbal. The cognitive tools scaffolded (Window-to-

Window tool use co-occurrence) "visual" and "verbal" students in the form of 

understanding the problem/identifying, gathering, and organizing information. The 

cognitive skills of understanding the problem/identifying, gathering, and organizing 

information are pertinent early in the problem solving process. Thus "visual" and "verbal" 

students experienced scaffolding in early problem solving skills through cognitive tool 

use. Furthermore, while "verbal" students experienced scaffolding in early problem 

solving skills at stage 2, "visual" students experienced scaffolding in early problem 

solving skills at stages 1, 3, and 4. In addition, the cognitive tools scaffolded (Screen-to-

Window tool use co-occurrence) the "verbal" students in the form of integrating 

information/evaluating learning outcomes and processes. The cognitive skills of 

integrating information/evaluating learning outcomes and processes are pertinent late in 

the problem solving process. Thus, "verbal" students also experienced scaffolding in late 

problem solving skills through cognitive tool use. Finally, using cognitive tools to search 
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for information may be indicative of category selection (spikes), information extraction 

(rings), information integration (loops), or recycling (paths). The "kinesthetic" and 

"verbal" students displayed the greatest frequency of all four search behaviors (browsing 

constructs). Furthermore, information search behavior indicative of category selection 

was associated with "verbal" students early in the problem solving process, was 

associated with "kinesthetic" students near the middle of the problem solving process, 

and was associated with "visual" students closer to the end of the problem solving 

process.  

 

Research Question 2 

 

 The second research question examined whether there were differences between 

clusters with respect to frequency of tool use co-occurrence. Here the attempt was to 

better understand how two cognitive tools from two categories were used in pairs thereby 

operating as scaffolding mechanisms to focus and constrain a student's exploration. 

 

Window-to-Window Tool Use Co-occurrence: Overall 

 

In terms of the overall frequency of Window-to-Window tool use co-occurrence 

there were essentially two main findings. First, the "visual" (cluster 3) cluster and the 

"verbal" (cluster 5) cluster displayed the highest frequency with respect to this form of 
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tool co-occurrence. Recall that the visual tool use profile was defined by the extensive 

visual guidance; and the verbal tool use profile was defined by a high level of 

engagement in the reading of and reflection on the knowledge databases. Visual cognitive 

processing and verbal cognitive processing both appear to be particularly associated with 

scaffolding in the form of understanding the problem, and identifying, gathering, and 

organizing information. Overall, "visual" and "verbal " students were significantly more 

willing and able to experience cognitive assistance specifically for purposes of problem 

definition and problem structuring. Exhibiting infrequent, non-allegiant, or kinesthetic 

cognitive processing appears to be less related to this form of scaffolding.  

 

Window-to-Window Tool Use Co-occurrence: Stage-by-Stage 

 

With respect to Window-to-Window tool use co-occurrence, there was a 

significant main effect for time, and a significant time by cluster membership interaction. 

In other words, the frequency of Window-to-Window tool use co-occurrence differed 

significantly across stages, and differed significantly across stages by cluster. Across all 

tool use profiles the frequency of this form of scaffolding increased from stage 1 to stage 

2, then decreased thereafter from stage to stage. In terms of significant differences across 

stages by cluster the differences were essentially between two tool use profiles: visual 

and verbal. The nature of the difference lay in when the frequency of this form of 

scaffolding peaked. For the visual tool profile scaffolding in the form of understanding 
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the problem, and identifying, gathering, and organizing information, peaked at stages 1, 

3, and 4; for the verbal profile it peaked at stage 2. Students with a visual cognitive 

processing style appear significantly more dependent upon scaffolding in the form of 

problem definition and problem structuring.  

 

Screen-to-Window Tool Use Co-occurrence: Overall 

 

There was essentially one main finding in terms of the overall frequency of Screen-

to-Window tool use co-occurrence. Students in the verbal tool use profile displayed the 

highest frequency with respect to this form of tool use co-occurrence. Exhibiting an 

infrequent, non-allegiant, kinesthetic, or visual cognitive processing style does not appear 

to be associated with scaffolding in the form of problem integration or problem 

evaluation.  

 

Screen-to-Window Tool Use Co-occurrence: Stage-by-Stage 

 

Finally, with respect to Screen-to-Window tool use co-occurrence, there was a 

significant main effect for time, but no significant time by cluster membership 

interaction. The frequency of Screen-to-Window tool use co-occurrence differed 

significantly across stages, but did not differ significantly across stages by cluster. 

 91 
 



Similar to Window-to-Window tool use co-occurrence, across all tool use profiles the 

frequency of this form of tool co-occurrence increased from stage 1 to stage 2, then 

decreased thereafter from stage to stage. 

 

Summary 

 

Results suggest that a hypermedia learning environment outfitted with four 

categories of cognitive tools encourages students to use multiple tools and in the process 

experience cognitive scaffolds, particularly for verbal cognitive processing. Overall, it 

appears a verbal form of cognitive processing experiences both forms of scaffolding: that 

associated with Window-to-Window tool use co-occurrence, and that associated with 

Screen-to-Window tool use co-occurrence. Verbal cognitive processing appears to be 

significantly associated with the cognitive assistance cognitive tools provide by: 

scaffolding for purposes of understanding the problem/identifying, gathering, organizing 

information, and scaffolding for purposes of integrating information/evaluating learning 

processes and outcomes.  

The availability of complementary tools throughout problem-solving is important. 

As these results suggest tool use co-occurrence may be important in providing two forms 

of scaffolding for students' problem solving. Each of the 13 tools performs a specific 

function and is needed at different times during the entire problem-solving process. The 

tools are relevant to different problem-solving stages, but are not presented in any 
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prescribed order. At any time while they are interpreting information and building a 

rationale for their solutions students may use any single tool to search for, locate, select, 

and research required information. The selection of tools is the students’ decision. Such a 

design creates an opportunity in which students must continuously exercise their 

decision-making and evaluation skills to see which tools to use, when, and why. 

However, such a design also provides opportunities in which students may spontaneously 

experience scaffolding of their decision-making and evaluation skills. With a 

complementary suite of tools it seems sixth-graders not only became comfortable using 

the tools in general, but also experienced cognitive assistance to solve the problem. 

Instructionally strategic tool use co-occurrence may enhance the encoding of multiple 

contrasts and comparisons for problem solving purposes. By providing complementary 

tools that may be strategically paired for use the program makes an extensive reservoir of 

information more manageable, placing more potential connections within the student's 

grasp. 

Using cognitive tools to externalize problems may and often does mediate a 

learner's conception of a problem (Jonassen, 2003). These external representations can 

guide how students conceive of and interpret a problem (Zhang, 1997; Zhang & Norman, 

1994). They can also “constrain the range of possible cognitive behaviors in the sense 

that some behaviors are allowed and others prohibited” (Zhang, 1997, p. 3). Previous 

research found that students selected individual tools relevant to problem solving stages 

(Liu & Bera, 2004). These results provide further support, extending this to co-occurring 

tool use. 
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Research Question 3 

 

The third research question examined whether there were differences between 

clusters with respect to the frequency of four information search behaviors (browsing 

constructs): category selection (spike), information extraction (ring), information 

integration (loop), and information recycling (path). These four browsing constructs were 

analyzed  overall and at each of five stages. The purpose was to more precisely identify 

which search behaviors were associated which tool use profiles. 

Goal formation, category selection, information extraction, integration, and 

recycling are five cognitive components of search behavior involved in the cognitive 

processing of information. (Guthrie & Dreher, 1990; Guthrie & Kirsch, 1987; Guthrie & 

Mosenthal, 1987). The browsing constructs operationalize these cognitive components of 

search behavior. Encoding features of the hypermedia lesson's problem statement 

approximates goal formation, stable access of the same information and/or resource 

(spike) approximates category selection, repeat access to a small subset of tools (ring) 

approximates information extraction, return visits to one tool after accessing a set of 

different tools (loop) approximates integration, and accessing a number of different tools 

(path) approximates recycling. This provides a measure for researchers to characterize 

tool use profiles in terms of cognitive components.  

The results indicated a significant difference between tool use profiles in the 

overall frequency of browsing constructs. The results also indicated significant 
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differences in the frequency of browsing constructs across stages. There were significant 

differences between tool use profiles across stages only for the frequency of spikes. 

 

Overall Frequency of Browsing Constructs 

 

In terms of the overall frequency of browsing constructs there was essentially one 

main finding. The "kinesthetic" (cluster 2) and "verbal" (cluster 5) tool use profiles 

displayed the most frequency with respect to all four browsing constructs, both 

significantly greater than the "infrequent" (cluster 4) tool use profile. Non-allegiant, 

visual, kinesthetic, and verbal cognitive processing elicit category selection, information 

extraction, integration, and recycling more frequently than infrequent cognitive 

processing. Only kinesthetic and verbal are significantly greater. Students in the 

kinesthetic tool use profile were defined by their the hands-on work of scientific inquiry 

permitted through simulations that provided students with the opportunity to physically 

emulate the work of professional scientists. Students in the verbal tool use profile were 

defined by their sifting through and analyzing primarily textual information. Kinesthetic 

and verbal tool use profiles may exhibit more category selection, information extraction, 

integration, and recycling, because through physical exploration and earnest reading and 

reflection these tool use profiles developed clearer representations of the hypermedia 

environment. Alternatively these tool use profiles may exhibit greater cognitive 

components of search behavior because through kinesthetic and verbal cognitive 
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processing students became more knowledgeable of the domain content. Or, because 

these tool use profiles developed clearer representations of the hypermedia environment, 

they learned more, therefore they exhibited significantly greater spike, ring, loop, and 

path behavior overall. As these results suggest, regardless of their preferred method of 

cognitively processing information with the tools provided in Alien Rescue, students all 

practice the full range of cognitive components greater than "infrequent" students. 

 

Stage-by-Stage Frequency of Browsing Constructs 

 

In terms of stage-by-stage frequency of browsing constructs, the frequency of each of 

the four browsing constructs did differ significantly across stages, and only spikes 

differed significantly across stages by cluster. 

Spikes. In general, the frequency of spikes increased from stage 1 to stage 2, then 

decreased thereafter from stage to stage. There were some exceptions. In terms of 

significant differences across stages by tool use profile the differences were between 

three tool use profiles: kinesthetic, visual, and verbal. The nature of the difference lay in 

when the frequency of spikes peaked. For the kinesthetic tool use profile spikes peaked in 

the middle of lesson (stage 3). For the visual tool profile spikes peaked in the middle and 

near the end of the lesson (stages 3 and 4). For the verbal profile spikes peaked early in 

the lesson (stage 1). It appears students with kinesthetic, visual, and verbal cognitive 

processing vary in terms of timing. "Verbal" students discriminated among competing 
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sources of information to locate stable sources of information at the beginning, whereas 

the "kinesthetic" and "visual" students did so near the middle and end of the lesson. 

Category selection is important. Students must inspect appropriate categories of lesson 

content.  Not all categories or subcategories of domain content are relevant to the task at 

hand, and students must selectively attend to the most pertinent categories or 

subcategories. Tool use characterized by verbal cognitive processing may facilitate early 

category selection. 

Rings. As for the frequency of rings, there was a significant increase between the 

first stage and all subsequent stages. Thereafter there were no significant increases or 

decreases, yet in general ring behavior increases over time. Rings did not differ 

significantly across stages by tool use profile. Ring behavior is important because 

students must extract relevant information from appropriately selected categories.  All 

students appear to make stage appropriate choices, continuing to extract relevant 

information throughout the lesson. 

Loops. Similarly, the frequency of loops significantly increased between the first 

stage and all subsequent stages. Thereafter there were no significant increases or 

decreases, yet in general loop behavior increases over time as well. Loops did not differ 

significantly across stages by tool use profile. Loop behavior is important because 

students must combine information and concepts from appropriate categories of domain 

content. Again, all students appear to make stage appropriate choices, continuing to make 

contributions to their ongoing synthesis of problem related objectives. 
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Paths. Finally, the frequency of paths significantly increased between the first two 

stages and subsequent stages. Thereafter there were no significant increases or decreases, 

yet in general path behavior increases then declines during the final stage. Paths did not 

differ significantly across stages by tool use profile. Path behavior is important because 

later in the lesson students must return to different categories of domain content and 

resources to make any necessary extractions and integrations. All students appear to 

make stage appropriate choices, returning to different sources of information later in the 

lesson in order to address any deficiencies in their solutions. 

 

Research Question 4 

 

The fourth research question of this study investigated whether differences existed 

between tool use profiles in terms of their performance on content tests. Differences 

between tool use profiles in terms of performance on the Science Knowledge Test and 

Recommendations were analyzed. The students within the five tool use profiles did not 

significantly differentiate themselves with respect to academic performance. Again, 

although students have access to all the tools and information needed to develop a 

solution plan, the program is structured in such a way as not to prescribe particular forms 

of tool use. Students are encouraged to explore the environment and select appropriate 

tools as they determine for themselves how they will connect information to strengthen 

their knowledge and understanding. Based on these results we cannot conclude that 

alternative forms of cognitive processing lead to better or worse performance on tests. 
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However there are a few things to consider. The hypermedia program used in this 

study covered a broad range of content over an extended period of time. If students were 

tested earlier, or if the hypermedia lesson was used for learning smaller amounts of 

information, tool use profiles (non-allegiant, kinesthetic, visual, infrequent, verbal) may 

have differentiated themselves from one another with respect to learning outcomes. For 

example, had students been tested half way through the lesson, or received instruction 

covering only a smaller segment of the content, different results may have occurred. Such 

results could help tease apart the tool profiles' relative instructional contributions to 

learning performance. Alternatively, significant differences may have been found if 

students were tested later, or if instruction in this study had lasted longer. Such situations 

would present students with an even more complex and difficult learning situation, or it 

could also be possible that with a longer exposure to the tools students may become more 

proficient at their use and thus more knowledgeable. In these cases a longer lesson may 

have produced significant differences, and in this way teased apart the respective 

instructional capabilities of the tool profiles. Finally, it may simply be possible that the 

cognitive tools had a general positive effect. The diverse range of tools permitted all 

students, regardless of patterns of tool use, to succeed. 

 

Research Question 5 

 

 The fifth research question examined whether differences exist between the tool 

use profiles in terms of their hypermedia learning experience. Four factors underlying 
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students' hypermedia learning experience were identified: positive affect, information 

seeking, negative affect, and intertextuality. Because use of Alien Rescue comprised most 

of the class time in this study, it is reasonable to assume much of the learning experience 

emerged from students interacting with the tools provided in the environment. One may 

then more strongly conclude that any factors which emerge are due to cognitive tool use. 

The ways in which such tool rich hypermedia applications shape students' learning 

experience remains to be empirically examined. Students are provided an opportunity to 

apply such higher-level thinking skills as focusing, researching, organizing, analyzing, 

generating, integrating, and evaluating, in self-directed ways. And during the entire 

problem-solving process students rely exclusively on the use of cognitive tools. Research 

on cognitive tools has not addressed how such strictly tool-mediated learning contributes 

to students' hypermedia learning experience. Four factors defined students’ tool mediated 

learning experience: positive affect, information seeking, negative affect, and 

intertextuality. Positive affect and negative affect comprise an evaluation orientation. 

Information seeking and intertextuality comprise a task orientation (Table 18). Thus, 

these results indicate that such strictly tool-mediated instruction creates a learning 

environment that is evaluation oriented and task oriented.  

Furthermore, additional results revealed that while four factors of hypermedia 

learning experience emerged, there was no significant variation with respect to tool use 

profile. Students who displayed non-allegiant, kinesthetic, visual, infrequent, and verbal 

cognitive processing did not differ from one another with respect to their experience of 

positive affect, information seeking, negative affect, or intertextuality. Had students 
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within the five tool use profiles differed significantly this may have indicated that certain 

forms of cognitive processing also differ significantly with respect to evaluation 

orientation or task orientation. Such a pattern of results suggests that regardless of 

cognitive processing preferences students share similar reactions to their experience. 

However, as mentioned previously in connection with tool use co-occurrence, if 

students are able to seamlessly coordinate information they may put more effort into 

doing so. Related to this is students' sense of satisfaction with the hypermedia software. 

Positive and negative affect were two underlying factors to students' learning experience 

with Alien Rescue. Yet the two tool use profiles associated with significantly greater 

frequency of tool use co-occurrence, namely cluster 3 ("visual") and cluster 5 ("verbal"), 

did not differentiate themselves from the other clusters with respect to positive or 

negative affect. This is surprising. However it is important to point out that some of the 

Hypermedia Learning Experience Questionnaire items may be interpreted as "double-

barreled." More discrete items may be constructed to address hypermedia learning 

experiences. Maybe a significant difference would have been found between tool use 

profiles if the items had been less ambiguous. This finding on the relationship between 

students' hypermedia learning experience and tool use profile is preliminary. More 

research is needed to replicate and further investigate this issue. 
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Limitations 

 

The findings reported in this study are limited in a number of respects. One 

limitation of this study is that with natural instructional settings it is very difficult to 

conclude that any differences found between tool use profiles are definitely due to the use 

of cognitive tools. The lack of any tightly controlled experimental conditions precludes 

this. Lack of rigorously controlled conditions does not make it possible to determine 

causal relationships between variables. On the other hand tightly controlled experimental 

conditions make it very difficult to recreate some aspects of true-to-life instructional 

situations. This study was conducted in a naturally occurring setting with no artificial 

manipulations. The learning process was studied as it naturally occurs. And the design of 

this study remains consistent with the current trend of using more authentic learning 

environments. For this reason, it may in fact be appropriate to generalize the results of 

this study to similar populations of students in similar instructional settings. 

There is another limitation of the study related to instructional setting. All the 

participants completed the lesson in a computer lab where students sat next to each other. 

Although students each had their own machine, and students were not assigned 

cooperative work groups, they may have informally collaborated more than students who 

might complete the lesson entirely on their own. It is possible that such collaboration 

among students sitting next to one another could have either served as a hindrance or a 

support. This study did not explicitly address how informal collaborative groups accessed 

cognitive tools and in what ways such interactions may have affected students' individual 
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behavior and performance. Also, to be thorough, teachers encouraged their students to at 

least visit all the features of the hypermedia lesson regardless of the cognitive tools they 

ultimately chose to focus on. Under different circumstances, students completing the 

lesson entirely by themselves could conceivably focus only on those features they 

consider especially interesting and relevant.  

The nature of the study's participants limits the conclusions. The population was 

limited to sixth graders, which is the target audience for Alien Rescue. Perhaps different 

patterns of results would occur with elementary, high school, college, or vocational 

students. Differences between participants in the study and the general population of 

sixth graders may affect the results. Participants in this study came from a school with 

excellent educational technology resources. The participants in this study were probably 

less polarized, with respect to use of educational technology, than students in poorly 

equipped schools. In general the study participants may have been more open to a 

hypermedia-based lesson. It is also possible that computer literacy and other factors that 

were not systematically assessed, such as students' need for cognition, may have 

contributed to the results. Such individual differences were not assessed or controlled for. 

Another limitation of this study was the nature of the data. Log data were used to 

examine students’ use of tools. Log data provided an objective and unobtrusive way for 

observing student behavior. Yet one can only infer the thinking processes students were 

engaged in while selecting the tools. Log data were used to operationalize the concepts of 

cognitive scaffolding and information search. Tool use co-occurrence is not a perfect 

measure of cognitive scaffolding and  browsing constructs are not a perfect measure of 
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information search behaviors. Therefore the nature of these operationalizations is 

tentative. Despite this limitation this study did extend previous research using log data as 

an objective and useful way to investigate students’ cognitive tool use profiles (Liu & 

Bera, 2003; Bera & Liu, 2004). Another limitation of this study was reliance on students’ 

self-reports to elicit their perceptions of the learning experience. With self-report data it is 

possible that students only report what they think the teacher, their friends, or the 

investigator consider desirable and not their actual practices.  

Other aspects of this study limit the conclusions. For example, the success of a 

hypermedia lesson rests to some degree upon the role of the teacher. Hypermedia 

applications are not designed to eliminate entirely student-teacher interaction. The 

teacher facilitates students' interaction with the application. A successful hypermedia 

application may be accepted and promoted by the teacher. Furthermore, teachers have 

differing opinions about the proper form of facilitation. In addition, it is not clear how 

teachers' personal preferences, in terms of educational technology in general, could 

influence the success of the hypermedia lesson. One of the teachers in this study was 

quite familiar with Alien Rescue, and both teachers were comfortable facilitating 

students' interactions with Alien Rescue. Despite their limited role, teachers do play a 

role in the facilitation of hypermedia lessons. 

Additionally, it could be argued that technical difficulties present in the 

hypermedia software could be a factor. Although rare, issues of computer crashes were 

reported. However, neither of the teachers indicated this was of any major instructional 
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consequence. Entirely eliminating the potential for any technical difficulties could 

enhance hypermedia instruction. 

No general-purpose psychometrically validated instrument was used for this 

study. Development of such an instrument(s) would be desirable. For example, the 

Hypermedia Learning Experience Questionnaire (HLEQ) was an initial attempt in this 

direction. The HLEQ items employed in this study were developed specifically for this 

study, based on student responses in a similar study with the same population and 

hypermedia application (Bera & Liu, 2004). Although the items have face validity, lack 

of rigorous psychometric development increases the potential for measurement error. The 

issue of "double-barreled" items, mentioned in the discussion of Research Question 5, 

may also be noted here. If such errors were systematic rather than random, results could 

be skewed in a particular direction. 

 

Summary 

 

The results of this study are consistent with the results of previous studies using 

cluster analysis to analyze student hypermedia profiles. For example, hypermedia profile 

research involving undergraduates identified a cluster of students who were faithful to the 

hypermedia lesson and deliberate in their interactions with it. This cluster of students was  

alternatively labeled "model users" and "knowledge seekers" (Barab, Bowdish, & 

Lawless, 1997; Lawless & Kulikowich, 1996). The results of this study identified similar 

clusters of students: the visual and verbal tool use profiles. Thus the results of this study 
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extend previous findings in two respects, identifying similar profiles among a grade 

school population as well as uncovering the forms of cognitive processing associated 

with them. Results concerning browsing constructs extend the work of hypermedia 

browsing constructs to research on tool use profiles (Mullier et. al, 2002). Whereas 

Mullier et. al (2002) identified the browsing constructs for those novice, intermediate, 

and expert in subject matter, this study did so for different styles of cognitive processing. 

The results suggest that, in general, cognitive tools elicit a full range of information 

search behaviors. Barring infrequent tool use, a range of information search behaviors are 

expressed by the alternative styles of cognitive processing which emerge from cognitive 

tool use. The results did not indicate that for particular cognitive processing styles a 

subset of information search behaviors was operated on to the exclusion of others. Such 

results would have suggested that the cognitive processing styles associated with 

particular configurations of tool use result in less than comprehensive cognitive 

engagement.  

The interaction of cognitive processing style with learning outcomes and 

experience attempted to extend previous research. The results concerning performance 

were not as clear or consistent as results of previous research on hypermedia profiles. For 

example, Barab et. al. (1997) and Lawless and Kulikowich (1996) found that model users 

and knowledge seekers distinguished themselves not only by their behavior but by their 

academic performance. Similar profiles were identified in this study. If their use of 

cognitive tools indicated earnest processing and analysis of hypermedia content, then it 

would be reasonable to expect these students to perform higher on content tests. As 
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mentioned previously, the fact that students were tested at the end of the hypermedia 

lesson and not some time earlier or later, may explain the results. As far as hypermedia 

learning experience, the results suggest that four factors contribute: positive affect, 

information seeking, negative affect, and intertextuality. Strictly tool-mediated 

instruction creates a learning environment that is evaluation oriented and task oriented. 

These results extend previous research on collaborative hypermedia learning. For 

example, a previous study on hypermedia learning experiences in collaborative work 

groups found that tool-mediated instruction created a learning environment that was 

metacognitively oriented in addition to evaluation and task oriented (Bera & Liu, 2004). 

This difference between individual and collaborative work groups is suggestive and 

noteworthy. Cognitive tool use in collaborative work groups may create an environment 

where developing awareness and control are an additional result of tool-mediated 

hypermedia instruction. 

However, these results are only suggestive. This research should be repeated to 

see if the same results are obtained. Additional research may also help to more 

thoroughly examine this issue. For example, attempts should be made to examine self-

efficacy factors. Do students who display "visual" and "verbal"  cognitive processing 

styles maintain greater motivation to succeed or higher expectations, than those who 

display "non-allegiant," "kinesthetic," or "infrequent" cognitive processing styles? 

Students more open to learning with graphical representations or through reading and 

analysis, may be more motivated to succeed and may have higher expectations in 

hypermedia learning environments. These students may have been able to more easily 
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coordinate information and put more effort into doing so. Alternatively though, they may 

have been more in need of these forms of cognitive scaffolding. Research should be 

conducted to more thoroughly address how suites of cognitive tools conspire to support 

hypermedia-based learning. Although the measures in this study were not perfect, 

measures do not have to be perfect to be useful. Continuous research on the topic will 

further enhance our understanding the role cognitive tools can play in scaffolding 

students’ cognitive processes. Given recent theoretical, pedagogical, and technological 

advances in the area of hypermedia the question we must ask regarding hypermedia 

design is not "Does learner attitude and performance improve?" but "Under what 

conditions do learners develop a stronger knowledge of content and fulfilling educational 

experience as they navigate a hypermedia environment?" (Park & Hannifin, 1993; 

Hannifin & Land, 1997, Land, 2000). 

The study presented here responds to Iiyoshi and Hannafin's (2002) call to better 

understand the use of multiple cognitive tools. Complex learning environments such as 

hypermedia are likely to have embedded within them different categories of cognitive 

tools to enhance learning. Such a suite of instructional variables creates the conditions for 

learning by extending a learner's ability to cognitively combine information and produce 

new knowledge, as well as qualitatively altering their critical thinking skills. A 

complementary suite of cognitive tools serves to extend what students can do and how 

they think. A single cognitive tool is one component among several that interact and 

collectively go beyond their individual utility. Over time their use contributes to skill 

development. Whether or not a student performs well may not necessarily be traced back 
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to the independent contribution of the individual, or any one instructional variable, but 

how a system of instructional variables may or may not combine to support individual 

learning and cognition. This notion is important to overcome the limitations of the 

traditional cognitivist view of cognition as taking place "in the head."  

When the results from research questions 1-3 are considered together with the 

results from research questions 4-5, the picture that emerges is one in which different 

students expressed their cognitive processing preferences through a subset of cognitive 

tools, and created individual paths to learning, yet did not significantly distinguish 

themselves from each other with respect to academic performance or their hypermedia 

learning experience. Collectively, the results suggest that a hypermedia learning 

environment designed with four categories of cognitive tools that is oriented toward 

cognitive processing of information gives rise to learning contexts where students with 

diverse styles of cognitive processing all develop good problem-solving and critical 

thinking skills. Cognitive tool use appears to foster a democratic learning environment 

where the learner can influence what is learned, how it is learned, and the order in which 

it is learned. Diversifying the ways in which content is presented and processed is a 

critical component of hypermedia learning environments. A complementary suite of 

cognitive tools with representation from each of four categories of cognitive tools 

provides this diversification. Diversification allows instruction to address different 

learning styles and motivate students to learn in different ways.  

Furthermore, these results begin to more precisely measure the nature of cognitive 

processing facilitated through cognitive tool use. Consider the results concerning the 
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frequency of tool use co-occurrence in connection with the results concerning the 

frequency of browsing constructs. The tool use co-occurrence analyses dealt with how 

cognitive tools may operate as scaffolding mechanisms. The browsing construct analyses 

dealt with cognitive components of search behavior that are elicited. Taken together one 

may begin to infer whether the two forms of scaffolding students experience encourage a 

range of cognitive components associated with search behavior, and for which types of 

cognitive processing. Most notably in this study, high frequencies of Window-to-Window 

and Screen-to-Window tool use co-occurrence are associated with high frequencies of 

spike, ring, loop, and path behavior for the "verbal" cluster of students. Scaffolding in 

both areas (understanding the problem/identifying, gathering, and organizing 

information, and evaluating learning processes and outcomes/ integration) is associated 

with category selection, information extraction, integration, and recycling with respect to 

verbal cognitive processing. In other words, "verbal" students experience two forms of 

cognitive scaffolding that tap a range of cognitively purposeful search behaviors. 

Students with a verbal cognitive processing style in particular, who are able to express 

this cognitive processing style through a subset of cognitive tools that match their media 

use preference, experience a full range of cognitive benefits technology enhanced 

learning environments provide. 

It is well accepted that cognitive tools are an important factor in hypermedia 

learning (Lajoie, Lavigne, Guerrera, & Munsie, 2001; Lajoie & Lesgold, 1992; Lajoie, 

Azevedo, & Fleiszer, 1998; Liu, Bera, Corliss, Svinicki, & Beth, 2005; Liu & Bera, 2005; 

Bera & Liu, 2004; Harper, Hedberg, Corderoy, & Wright, 2000). It is also the case that 
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research on cognitive tools lacks methodologies that precisely measure how students use 

such tools contained in hypermedia software applications. Given these observations, and 

the results of this study, it appears educational psychology theory and research may 

indeed help researchers in the area of cognitive tools interpret and understand how such 

tools derive their usefulness. This study represents one successful attempt. Use of 

theoretical and methodological constructs were solicited from the previously untapped 

areas of search in documents and hypermedia browsing constructs to develop a method to 

more precisely measure the nature of cognitive tool use. Based on these results it would 

seem a good idea to continue pursuing such interdisciplinary efforts.  
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Appendix A 

Descriptions of Each Cognitive Tool Under Each Tool Category 
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Table A1. Tool Categories, Names, and Functions within Alien Rescue. 
 
 
Tool Category 

 
Tool Name 

 
Tool Function 
 

Tools sharing 
cognitive 
overload 

Research Room  
 

It houses the Alien database, containing information about the 
aliens, their physiology, technology, homeworlds, and history.  

 Solar System 
Database 

It contains information about our sun, the nine planets, and ten of 
the moons in our solar system.  
 

 Mission 
Database 

It has information on five landmark probe missions by NASA to 
show how scientists designed probes to collect specific types of data 
in the past. 
 

 Concepts 
Database 

It contains key scientific concepts useful for solving the problem. 

 Periodic Table It is provided for use in analyzing data students collect. 
 

 Spectrogram A spectrogram chart is provided for use in analyzing data. 
 

Tools supporting 
cognitive process 

Notebook This is for collecting and organizing information. It was deliberately 
designed without a cut-and-paste function. Students must think what 
is important enough to record. 
 

 Bookmark It is a part of the notebook, allowing students to drag still images 
from any part of the program to store in the notebook. These 
bookmarked images can be used for making Powerpoint 
presentations later. 
 

 Expert 
Modeling  

Video clips in which expert scientists explain how they would 
address aspects of the problem and share stories about their 
experiences.  
 

Tools supporting 
otherwise out-of-
reach activities 

Probe Builder 
Room  

This contains information on real scientific equipment used in both 
past and future probe missions. Students construct probes by 
deciding probe type, communication, power source, and 
instruments.  It also contains experts’ stories in video on how they 
designed probes in the past. 
 

 Launcher Room Students review the probes built in Probe Builder, and decide which 
probe(s) to actually launch considering the budget. 
 

Tools supporting 
hypothesis testing 

Control Room  Raw data collected by the probes are displayed. Students must 
interpret this data in order to turn it into information that they can 
use in developing the solution. Malfunctions are possible, and poor 
planning can result in mission failure. 
 

 Solution Form An online form to provide a structure for students to submit their 
solution and rationale for each of the species.  
 

 113 
 



Appendix B 

Excerpt From Student Log File 
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Figure B1. Example Logfile. 
 
_______________________________________________________________________ 
 
3/22/2003 9:53:40 AM SYS Group Log Created.3/22/2003 9:53:40 AM
 SYS *****  
3/22/2003 9:53:40 AM SYS LOGIN Logged in as Group:  McGinty3 [3  | 
McGinty]  
3/22/2003 9:53:45 AM LEVEL1 BEGIN Lab Movie (Version 1.0a)  
3/22/2003 9:53:45 AM LEVEL1 SYS ProgBegin Lab 
3/22/2003 9:53:46 AM LEVEL1 NAV   
3/22/2003 9:53:46 AM LEVEL1 NAV Goggles  
3/22/2003 9:53:46 AM LEVEL2 NOTEBOOK View New Section  
3/22/2003 9:53:46 AM LEVEL1 BOOKMARKS Close  
3/22/2003 9:53:46 AM LEVEL1 NOTEBOOK Close  
3/22/2003 9:53:46 AM LEVEL1 NAV   
3/22/2003 9:53:46 AM LEVEL1 NAV Center Facing Conf Room  
3/22/2003 9:53:48 AM LEVEL1 NAV In Between Empty Room and 
Conference Room  
3/22/2003 9:53:49 AM LEVEL1 NAV Empty Room  
3/22/2003 9:53:49 AM LEVEL1 NAV In Between Alien DB and Empty 
Room  
3/22/2003 9:53:50 AM LEVEL1 NAV Center Facing Alien DB  
3/22/2003 9:53:51 AM LEVEL1 NAV In Between Probe Builder and 
Alien DB  
3/22/2003 9:53:52 AM LEVEL1 NAV Center Facing Control Room  
3/22/2003 9:53:52 AM LEVEL1 NAV Near Probe Builder  
3/22/2003 9:54:00 AM LEVEL1 NAV Probe Builder  
3/22/2003 9:54:00 AM LEVEL1 PROBEBUILDER Open  
3/22/2003 9:54:07 AM LEVEL1 PROBEBUILDER Close  
3/22/2003 9:54:07 AM LEVEL1 NAV Near Probe Builder  
3/22/2003 9:54:07 AM LEVEL1 NAV Center Facing Control Room  
3/22/2003 9:54:10 AM LEVEL1 NAV In Between Probe Builder and 
Alien DB  
3/22/2003 9:54:11 AM LEVEL1 NAV Center Facing Alien DB  
3/22/2003 9:54:11 AM LEVEL1 NAV Near Alien DB  
3/22/2003 9:54:11 AM LEVEL1 NAV Alien Database  
3/22/2003 9:54:11 AM LEVEL1 ALIENDB Open  
3/22/2003 9:54:23 AM LEVEL1 MEDIA Open Eolani Body 
3/22/2003 9:54:27 AM LEVEL1 MEDIA Close  
3/22/2003 9:56:34 AM LEVEL1 PERIODIC OPEN  
3/22/2003 9:56:47 AM LEVEL1 SPECTROGRAM OPEN  
3/22/2003 9:56:51 AM LEVEL1 MESSAGETOOL OPEN  
3/22/2003 9:56:55 AM LEVEL1 MESSAGETOOL CLOSE  
3/22/2003 9:56:56 AM LEVEL1 SPECTROGRAM CLOSE  
3/22/2003 9:56:59 AM LEVEL1 PERIODIC CLOSE  
3/22/2003 9:57:03 AM LEVEL1 ALIENDB Close  
3/22/2003 9:57:04 AM LEVEL1 NAV Near Alien DB  
3/22/2003 9:57:04 AM LEVEL1 NAV Center Facing Alien DB  
3/22/2003 9:57:05 AM LEVEL1 NAV In Between Probe Builder and  
_____________________________________________________________________
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Appendix C 
 

Forms of Cognitive Tool Use Co-occurrence in Alien Rescue
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Appendix D 

Browsing Constructs Recognizer Output
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Figure C1. Browsing Constructs Recognizer Sample Output. 
__________________________________________________________________________________________________________________________ 
 
toolname         ntbk       bkmk      mndb    slrdb  cncptdb      msg    spctrgm     prdc      alndb   prbbldr   cntrlrm prblnchr      media    exprt    sltnfrm  
notebook 0 81 4 2 0 0 7 0 0 0 0 0 14 1 0 
bookmarks 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 
missiondb 1 0 0 0 0 0 0 0 0 0 0 0 3 0 1 
solardb  10 7 0 0 0 0 0 0 0 0 0 0 6 0 1 
conceptdb 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 
messagetool 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
spectrogram 3 2 1 0 0 0 0 0 1 0 0 0 0 0 0 
periodic  0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
aliendb  98 51 34 4 2 3 17 0 0 0 0 0 102 7 7 
probebuilder 14 9 0 0 0 0 0 3 0 0 0 0 0 0 2 
controlroom 2 0 8 0 6 0 1 0 0 0 0 0 0 1 0 
probelauncher 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
media  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
expert  14 7 17 4 0 0 3 0 1 6 0 4 2 0 2 
solutionform 18 7 2 1 0 0 0 0 0 0 0 0 0 0 0 
 
session spike ring loop path 8 6 0 0 1 
0 0 0 0 0 session spike ring loop path 
session spike ring loop path 9 2 0 0 0 
1 0 0 0 0 session spike ring loop path 
session spike ring loop path 10 3 1 0 0 
2 0 0 0 0 session spike ring loop path 
session spike ring loop path 11 0 1 0 1 
3 1 0 0 1 session spike ring loop path 
session spike ring loop path 12 2 0 0 0 
4 1 0 0 0 session spike ring loop path 
session spike ring loop path 13 6 0 0 1 
5 1 0 0 0 session spike ring loop path 
session spike ring loop path 14 3 2 2 0 
6 1 0 0 0 session spike ring loop path 
session spike ring loop path 15 1 0 0 0 
7 0 0 0 0       
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Teacher: _______  Period: ______ Name:_________________________ 
 
 

Alien Rescue Science Test 
 
Circle the letter of the correct answer. 
 
1. Which of these worlds is a planet (not a moon)? 
 A.  Charon 
 B.  Io 
 C.  Phobos 
 D.  Uranus 
 
2. Which of these worlds is a gas giant? 
 A.  Venus 
 B.  Saturn 
 C.  Earth 
 D.  Pluto 
 
3. Which of the following worlds is a moon of Jupiter? 
 A.  Europa 
 B.  Mars 
 C.  Charon 
 D.  Titan 
 
4. Which of these worlds is farther from the sun than Saturn? 
 A.  Mars 
 B.  Earth's moon 
 C.  Mercury 
 D.  Charon 
 
5. Venus 
 A.  is the third planet from the sun. 
 B.  has two moons. 
 C.  has an atmosphere denser than earth's. 
 D.  is very cold because of a greenhouse effect. 
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6. Io 
 A.  is a moon of mars. 
 B.  has active volcanoes. 
 C.  has a solid core. 
 D.  is as cold as Pluto. 
 
7. Which of these worlds has higher surface gravity than Earth? 
 A.  Mars 
 B.  Jupiter 
 C.  Triton 
 D.  Pluto 
 
8. What is the difference between a moon and a planet? 
 A.  Moons are closer to the sun than planets. 
 B.  Moons are smaller than planets. 
 C.  Planets have plant life and moons do not. 
 D.  Moons orbit planets but planets do not orbit moons. 
 
9. Which of the following does an atmosphere do for a world? 
 A.  Causes volcanoes to erupt. 
 B.  Pushes heat out into space so the world doesn't get too hot. 
 C.  Protects it from meteors. 
 D.  Gives it a magnetic field. 
 
10. Which of the following does a magnetic field do for a world? 
 A.  Protects it from the solar wind. 
 B.  Lowers it temperature. 
 C.  Holds an atmosphere around the world. 
 D.  Gives it seasons. 
 
11. Craters are caused by 
 A.  water flowing over the surface of a world. 
 B.  earthquakes. 
 C.  magnetic fields. 
 D.  meteor impacts. 
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12. What would we expect to find on the surface of a world that did not 
have an atmosphere? 

 A.  No craters. 
 B.  Temperatures higher than on Earth. 
 C.  A dark sky even of the side of the world facing the Sun. 
 D.  Plant life. 
 
 13. Which of the following is NOT the name of a temperature scale? 
 A.  Kelvin 
 B.  Fahrenheit 
 C.  Calvin 
 D.  Celsius 
 
14. Ice 
 A.  can be made of many substances, not just water. 
 B.  covers most of the surface of Io. 
 C.  melts at 32K. 
 D.  is an element. 
 
15. Which of these instruments can be used to learn about temperature 

on a world? 
 A.  Barometer 
 B.  RADAR 
 C.  Infrared camera 
 D.  Mass spectrometer 
 
16. Imagine you need to determine whether or not a moon's surface has 

carbon. What instrument would you use? 
 A.  Wide angle camera 
 B.  Mass spectrometer 
 C.  Seismograph 
 D.  Barometer 
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17. Scientists want to measure the pressure of Mars' atmosphere. What 
instrument would they use? 

 A.  Barometer 
 B.  Thermometer 
 C.  Magnetometer 
 D.  Infrared camera 
 
18. Suppose that you want to take closeup pictures of features on the 

surface of Callisto, but you can only afford to send an orbiter. What 
instrument would you include? 

 A.  Infrared camera 
 B.  Narrow angle camera 
 C.  Mass spectrometer 
 D.  Barometer 
 
19. You need to design a probe to go to Titan to find out if it has a 

magnetic field or earthquakes. Which of the following would you 
choose to include on your probe? 

 A.  A battery and a solar panel 
 B.  An infrared camera and a magnetometer 
 C.  A barometer and a siesmograph 
 D.  A magnometer and a siesmograph 
 
20. Scientists want to gain more accurate information about the 

atmosphere of Neptune, especially what it's made of. What type of 
probe would they use and what instrument would they include? 

 A.  An orbiter with an infrared camera 
 B.  A flyby with a mass spectrometer 
 C.  A lander with a mass spectrometer 
 D.  A lander with a barometer 
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21. Scientists want to send a probe mission to take pictures of two of the 
outer planets and their moons. What probe type and communication 
device would they use? 

 A.  A flyby with a high gain antenna 
 B.  A flyby with  a low gain antenna 
 C.  An orbiter with a high gain antenna 
 D.  A lander with a thermometer 
 
22. At a temperature of absolute zero 
 A.  water melts. 
 B.  atoms stop moving. 
 C.  carbon changes from a liquid to a solid. 
 D.  matter is destroyed. 
 
23. Water boils at which of the following temperatures? (Remember to 

think about the different temperature scales.) 
 A.  32 degrees C 
 B.  100 degrees C 
 C.  100 degrees F 
 D.  200 K 
 
24. Which of these could be considered a "signature" for an element? 
 A.  A seismograph 
 B.  Barometric pressure 
 C.  An infrared picture 
 D.  A spectrogram 
 
25. A world will have a magnetic field if 
 A.  it has a thick atmosphere. 
 B.  it has liquid water. 
 C.  it has a core made of liquid metal. 

D.  it is close to the sun. 
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Recommendation Expectations

2

3

4

5

3- 73

3 76

3+ 79

2- 65

2 68

2+ 70

4- 83

4 86

4+ 90

5- 93

5 96

5+ 100

State the world you are recommending for the alien species and
why that is your first choice. The world should have at least one of
the requirements for the alien.

Give at least one reason for your choice and back that reason up
with facts you have gathered.

Write with mostly correct grammar, punctuation, and spelling.

State the world you are recommending for the alien species and
why that is your first choice. The world should have some of the
requirements for the alien.

Give at least two specific reasons for your choice and back those
reasons up with facts you have gathered.

Write with proper grammar, punctuation, and spelling.

State the world you are recommending for the alien species and
why that is your first choice. The world must be very well suited
for the alien.

Give at least four specific reasons for your choice and back those
reasons up with facts you have gathered.

Write with proper grammar, punctuation, and spelling.

State the world you are recommending for the alien species and
why that is your first choice. The world must be reasonably
suitable for the alien.

Give at least three specific reasons for your choice and back those
reasons up with facts you have gathered.

Write with proper grammar, punctuation, and spelling.
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Teacher: _________________________   Period: _____   Name: ______________________________________________

Please write how well each sentence below describes what you think by writing a number between 1 and 5 in the space provided. 

Not at all true                   Somewhat true                   Extremely true
1        2                                  3                                    4                                5

___________________________________________________________________________________________________

____ 1.     Because it gives you a little bit of everything Alien Rescue software helps you when you are figuring things out.

____ 2.     Alien Rescue was fun because you had to figure it out yourself.

____ 3.     Because there are so many things to do I sometimes don't know what to do.

____ 4.     I like that Alien Rescue involves computers.

____ 5.     A difficult part was that you had to search through every subject (magnetic fields, craters, etc.) to find an answer.

____ 6.     Alien Rescue was good because it looked so interesting.

____ 7.     Before doing what needs to be done, a person who does a good job working with Alien Rescue checks everything out and   
                 explores.

____ 8.     It took me a while since I didn't know the controls to move around.

____ 9.     When working on Alien Rescue I could just read and gather information.

____ 10.   Because a lot of the planets didn't have what most aliens needed finding which aliens go where was hard.

____ 11.   A person who does a good job researching in Alien Rescue gets a little information from everywhere.

____ 12.   When working on Alien Rescue I knew where to look.

____ 13.   Since I didn't know how to bring up the research pages it took me a while.

____ 14.   I don't think that there should be passwords.

____ 15.   I learned to take my time with the computer.

____ 16.   Because it was easy to match up the information between planets and aliens I was good at finding out which planets the aliens  
                 could live on.

____ 17.   I learned that it is not easy to find everything.

____ 18.   Most of the Alien Rescue software helps me learn to problem-solve which I use in everyday life.

____ 19.   It is easy for me to find things on the computer because when I click on things Alien Rescue brings things up for me to read.

____ 20.   I am really good at reading and comparing information.

____ 21.   Alien Rescue helped me become more responsible and organized.

____ 22.   I learned to slow down.

____ 23.   I learned that you have to really think about "Where could it be?"

____ 24.   I could have learned a lot more if there were no passwords.

____ 25.   Alien Rescue was fun because the teacher didn't do it for you.
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Appendix H 

Stage-specific Descriptive Statistics
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Table H1.  Means (and Standard Deviations) for Tool Access Frequency by Clusters at
Stage 1 (Days 1-2).

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Tools That (n= 45) (n= 32) (n= 12) (n= 56) (n= 18)

Share Cognitive Load

Alien database 4.55 (2.87) 8.58 (5.84) 5.92 (2.94) 4.07 (2.92) 5.65 (3.39)
Solar database 2.59 (2.35) 3.06 (4.21) 3.25 (2.45) 2.14 (1.95) 3.76 (2.66)
Concept database 2.50 (2.82) 2.06 (1.98) 2.25 (1.29) 1.48 (1.61) 1.82 (1.74)
Mission database 5.57 (3.78) 5.48 (4.68) 6.83 (4.24) 4.14 (3.05) 6.24 (4.60)
Periodic chart 0.95 (0.96) 2.03 (1.56) 1.50 (1.00) 1.20 (1.09) 0.76 (1.15)
Spectrogram 4.07 (3.78) 5.55 (4.73) 6.25 (4.79) 3.52 (3.26) 7.00 (5.12)

Support Cognitive Processing

Notebook 18.32 (15.07) 16.10 (16.29) 25.17 (13.78) 13.59 (11.45) 20.53 (23.39)
Bookmark 0.68 (0.86) 0.52 (0.63) 3.17 (4.61) 0.23 (0.43) 0.53 (0.62)
Expert 1.55 (1.61) 2.94 (3.03) 3.08 (2.91) 1.55 (2.15) 0.94 (1.09)

Support Activities Not Possible Otherwise

Probe builder 1.59 (2.57) 3.90 (4.62) 2.50 (2.24) 1.04 (1.55) 2.06 (2.16)
Probe launcher 1.98 (3.05) 4.00 (4.02) 1.33 (1.44) 0.84 (1.25) 1.88 (2.32)

Support Hypothesis Testing

Control room 1.23 (1.45) 2.68 (2.60) 1.42 (1.38) 1.11 (1.55) 1.00 (1.17)
Solution form 0.39 (0.84) 0.74 (1.21) 0.92 (1.51) 0.41 (0.76) 1.24 (1.35)
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Table H2.  Means (and Standard Deviations) for Tool Access Frequency by Clusters at
Stage 2 (Days 3-6).

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Tools That (n= 45) (n= 32) (n= 12) (n= 56) (n= 18)

Share Cognitive Load

Alien database 5.00 (3.83) 5.77 (4.32) 4.08 (2.39) 4.14 (2.60) 6.35 (3.16)
Solar database 6.95 (3.75) 5.42 (4.77) 6.00 (5.44) 4.73 (5.01) 9.12 (8.75)
Concept database 2.91 (2.53) 2.48 (2.25) 1.83 (1.59) 2.04 (2.44) 3.00 (3.14)
Mission database 8.77 (5.45) 7.00 (6.10) 8.17 (6.15) 7.38 (7.88) 14.59 (12.08)
Periodic chart 1.09 (1.55) 2.10 (3.43) 1.08 (1.78) 0.66 (0.96) 1.88 (2.50)
Spectrogram 5.43 (3.96) 6.58 (4.98) 3.75 (4.27) 4.20 (4.69) 9.47 (4.38)

Support Cognitive Processing

Notebook 24.30 (15.03) 20.94 (9.39) 21.83 (15.70) 20.38 (14.02) 34.88 (15.30)
Bookmark 0.48 (1.02) 0.48 (0.93) 1.00 (1.21) 0.61 (0.91) 0.53 (0.62)
Expert 2.52 (2.03) 3.48 (3.93) 4.50 (4.38) 1.77 (2.62) 2.59 (2.37)

Support Activities Not Possible Otherwise

Probe builder 5.68 (6.53) 6.42 (5.71) 3.25 (3.02) 1.80 (2.43) 3.06 (3.77)
Probe launcher 3.25 (5.20) 4.35 (4.94) 2.25 (4.37) 1.09 (1.73) 1.88 (3.12)

Support Hypothesis Testing

Control room 1.57 (2.18) 3.13 (3.79) 1.00 (1.35) 0.84 (1.52) 1.82 (2.83)
Solution form 1.41 (1.76) 2.23 (3.39) 2.17 (3.56) 1.82 (3.50) 3.53 (6.16)
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Table H3.  Means (and Standard Deviations) for Tool Access Frequency by Clusters at
Stage 3 (Days 7-9).

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Tools That (n= 45) (n= 32) (n= 12) (n= 56) (n= 18)

Share Cognitive Load

Alien database 4.07 (4.12) 5.90 (4.38) 2.75 (2.22) 2.98 (2.36) 6.35 (3.26)
Solar database 6.66 (4.52) 8.39 (4.62) 6.25 (4.67) 6.05 (4.54) 12.24 (5.61)
Concept database 2.86 (2.87) 2.29 (1.92) 1.58 (0.90) 1.54 (1.56) 2.76 (2.41)
Mission database 8.75 (5.99) 10.45 (6.03) 10.08 (6.59) 8.50 (6.73) 19.76 (11.04)
Periodic chart 2.61 (4.12) 2.39 (3.39) 2.00 (1.65) 0.70 (1.03) 3.71 (3.60)
Spectrogram 1.11 (1.83) 3.58 (3.78) 1.67 (2.46) 1.73 (2.41) 5.29 (5.06)

Support Cognitive Processing

Notebook 12.70 (11.46) 14.48 (12.19) 17.67 (17.74) 8.79 (8.07) 27.65 (19.24)
Bookmark 0.20 (0.82) 0.32 (0.83) 3.17 (3.04) 0.29 (0.71) 0.71 (0.92)
Expert 1.43 (1.37) 3.71 (3.38) 4.83 (4.93) 1.86 (1.86) 2.59 (2.58)

Support Activities Not Possible Otherwise

Probe builder 10.27 (4.88) 13.39 (8.92) 6.50 (3.53) 6.07 (5.13) 11.53 (6.42)
Probe launcher 7.27 (4.28) 9.26 (7.36) 4.08 (2.61) 2.32 (2.94) 5.35 (5.06)

Support Hypothesis Testing

Control room 6.34 (4.80) 8.35 (8.28) 2.83 (2.89) 1.64 (2.34) 6.12 (5.15)
Solution form 5.20 (5.30) 5.00 (5.00) 4.42 (3.48) 3.46 (4.83) 5.35 (6.27)
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Table H4.  Means (and Standard Deviations) for Tool Access Frequency by Clusters at
Stage 4 (Days 10-12).

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Tools That (n= 45) (n= 32) (n= 12) (n= 56) (n= 18)

Share Cognitive Load

Alien database 2.73 (2.56) 5.52 (3.82) 3.08 (2.47) 3.09 (3.50) 4.41 (2.72)
Solar database 4.80 (3.20) 7.35 (5.88) 8.08 (6.10) 5.96 (4.50) 10.94 (7.69)
Concept database 2.61 (2.07) 1.97 (1.40) 3.50 (3.71) 1.73 (1.67) 1.82 (2.60)
Mission database 6.98 (4.88) 7.65 (6.39) 11.42 (6.99) 7.32 (5.06) 16.18 (12.30)
Periodic chart 2.11 (2.76) 3.55 (4.30) 3.00 (3.30) 1.02 (1.46) 2.88 (2.60)
Spectrogram 0.68 (1.10) 2.48 (2.61) 1.92 (1.98) 1.07 (1.72) 1.18 (1.63)

Support Cognitive Processing

Notebook 10.82 (9.73) 10.65 (7.29) 22.17 (23.87) 8.86 (6.98) 16.18 (8.64)
Bookmark 0.50 (1.25) 0.26 (0.58) 2.83 (3.43) 0.04 (0.27) 0.18 (0.39)
Expert 0.84 (1.64) 1.06 (1.75) 5.08 (7.48) 0.95 (1.65) 1.00 (1.32)

Support Activities Not Possible Otherwise

Probe builder 9.57 (6.35) 14.35 (7.95) 7.50 (5.27) 6.00 (3.75) 10.65 (5.51)
Probe launcher 6.95 (6.39) 10.65 (6.35) 7.25 (6.03) 3.96 (3.51) 6.65 (4.44)

Support Hypothesis Testing

Control room 7.48 (5.16) 11.65 (6.77) 6.75 (5.36) 3.50 (3.59) 7.29 (3.02)
Solution form 7.82 (6.51) 7.87 (5.87) 9.25 (5.93) 6.30 (6.08) 8.00 (7.50)
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Table H5.  Means (and Standard Deviations) for Tool Access Frequency by Clusters at
Stage 5 (Days 13-15).

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Tools That (n= 45) (n= 32) (n= 12) (n= 56) (n= 18)

Share Cognitive Load

Alien database 1.80 (2.25) 5.45 (5.06) 2.83 (2.66) 2.32 (2.30) 4.88 (3.62)
Solar database 2.73 (2.74) 5.26 (5.11) 5.67 (4.83) 3.75 (4.93) 11.47 (9.11)
Concept database 1.30 (1.61) 1.19 (1.25) 1.50 (1.62) 1.14 (1.33) 1.06 (1.44)
Mission database 4.25 (3.52) 6.03 (4.90) 9.42 (9.50) 5.00 (6.51) 16.18 (10.73)
Periodic chart 0.95 (2.01) 2.55 (4.11) 1.75 (1.82) 1.21 (1.80) 3.59 (4.93)
Spectrogram 0.39 (0.69) 2.23 (3.04) 0.92 (1.24) 1.07 (1.52) 2.65 (2.32)

Support Cognitive Processing

Notebook 6.68 (7.18) 8.87 (8.76) 9.58 (8.08) 6.18 (6.84) 19.12 (12.59)
Bookmark 0.20 (0.59) 0.13 (0.34) 0.83 (1.70) 0.13 (0.57) 0.53 (1.51)
Expert 0.41 (0.97) 0.58 (0.85) 0.67 (2.02) 0.52 (1.06) 0.29 (0.59)

Support Activities Not Possible Otherwise

Probe builder 9.36 (7.28) 10.97 (7.14) 7.42 (6.23) 4.36 (4.49) 8.00 (4.81)
Probe launcher 6.43 (5.57) 9.52 (7.46) 5.33 (3.47) 3.00 (3.23) 5.88 (4.18)

Support Hypothesis Testing

Control room 7.07 (5.21) 12.29 (8.93) 5.58 (5.37) 3.84 (3.63) 8.94 (5.60)
Solution form 9.68 (8.37) 11.68 (10.90) 11.25 (5.07) 9.77 (7.41) 16.71 (8.86)
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Table H6.  Means (and Standard Deviations) for Tool Access Time (Minutes) by Clusters
at Stage 1 (Days 1-2).

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Tools That (n= 45) (n= 32) (n= 12) (n= 56) (n= 18)

Share Cognitive Load

Alien database 50.10 (33.22) 38.83 (32.95) 53.44 (32.93) 38.66 (30.40) 35.38 (22.95)
Solar database 7.23 (11.61) 5.15 (10.68) 10.95 (15.82) 4.71 (8.39) 8.43 (9.03)
Concept database 3.60 (5.26) 2.71 (5.10) 3.01 (4.21) 3.36 (6.73) 0.66 (0.95)
Mission database 1.22 (2.19) 1.57 (2.80) 0.89 (1.06) 0.83 (1.18) 0.67 (0.63)
Periodic chart 0.26 (0.41) 0.39 (0.49) 0.17 (0.17) 0.26 (0.35) 0.11 (0.16)
Spectrogram 1.86 (2.15) 2.01 (1.66) 2.02 (1.73) 1.82 (2.75) 3.09 (3.58)

Support Cognitive Processing

Notebook 27.34 (24.88) 20.77 (25.02) 37.59 (29.64) 19.58 (20.63) 20.05 (18.30)
Bookmark 0.07 (0.21) 0.02 (0.03) 0.26 (0.61) 0.01 (0.04) 0.02 (0.03)
Expert 11.35 (16.23) 12.19 (17.62) 14.47 (17.99) 6.10 (10.25) 9.71 (13.39)

Support Activities Not Possible Otherwise

Probe builder 1.71 (3.96) 4.43 (9.66) 1.98 (5.00) 1.27 (6.86) 1.94 (2.97)
Probe launcher 0.66 (1.14) 1.49 (2.90) 0.44 (0.96) 0.30 (1.16) 0.54 (0.91)

Support Hypothesis Testing

Control room 0.28 (0.86) 0.43 (0.90) 0.17 (0.21) 0.21 (0.39) 0.18 (0.31)
Solution form 0.14 (0.34) 0.14 (0.29) 0.38 (0.57) 0.26 (0.90) 0.50 (1.00)
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Table H7.  Means (and Standard Deviations) for Tool Access Time (Minutes) by Clusters
at Stage 2 (Days 3-6).

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Tools That (n= 45) (n= 32) (n= 12) (n= 56) (n= 18)

Share Cognitive Load

Alien database 70.17 (37.41) 54.08 (25.79) 47.43 (30.04) 72.72 (37.34) 64.83 (29.67)
Solar database 34.21 (22.08) 16.61 (14.61) 35.74 (29.94) 30.79 (28.34) 24.20 (18.19)
Concept database 9.35 (8.18) 6.87 (7.32) 7.36 (7.48) 7.71 (10.48) 5.60 (7.24)
Mission database 1.36 (2.52) 1.87 (2.28) 1.09 (1.41) 1.03 (2.17) 3.19 (5.86)
Periodic chart 0.25 (0.49) 0.47 (1.02) 0.27 (0.77) 0.11 (0.27) 0.25 (0.42)
Spectrogram 2.38 (2.33) 2.62 (3.38) 1.02 (1.16) 2.42 (3.76) 3.08 (2.26)

Support Cognitive Processing

Notebook 62.55 (28.42) 39.63 (26.07) 55.51 (34.48) 54.70 (31.84) 49.85 (28.31)
Bookmark 0.09 (0.48) 0.03 (0.07) 0.29 (0.54) 0.08 (0.30) 0.06 (0.17)
Expert 25.68 (21.45) 28.61 (29.48) 17.71 (21.55) 14.81 (18.46) 22.32 (16.74)

Support Activities Not Possible Otherwise

Probe builder 16.47 (16.33) 18.02 (18.67) 11.20 (17.17) 4.66 (8.76) 9.23 (13.18)
Probe launcher 3.46 (5.42) 2.80 (3.78) 1.64 (4.92) 0.90 (2.50) 1.30 (2.88)

Support Hypothesis Testing

Control room 1.58 (3.92) 4.34 (9.26) 1.43 (4.62) 0.35 (1.25) 2.71 (7.56)
Solution form 2.21 (4.32) 2.42 (5.11) 1.45 (2.80) 2.96 (8.22) 3.64 (7.49)
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Table H8.  Means (and Standard Deviations) for Tool Access Time (Minutes) by Clusters
at Stage 3 (Days 7-9).

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Tools That (n= 45) (n= 32) (n= 12) (n= 56) (n= 18)

Share Cognitive Load

Alien database 23.03 (26.72) 25.65 (24.47) 22.48 (31.86) 32.26 (28.10) 40.13 (29.08)
Solar database 28.47 (24.66) 19.14 (13.28) 27.08 (27.83) 28.11 (20.78) 34.62 (19.30)
Concept database 15.60 (16.17) 9.25 (9.76) 5.15 (4.23) 9.94 (12.31) 6.34 (7.50)
Mission database 1.55 (2.59) 3.13 (4.89) 1.76 (2.33) 2.10 (3.17) 3.12 (3.02)
Periodic chart 1.10 (1.96) 0.68 (1.04) 0.54 (0.56) 0.22 (0.58) 1.27 (1.45)
Spectrogram 0.42 (0.82) 1.38 (1.92) 0.26 (0.53) 0.73 (1.17) 3.83 (9.96)

Support Cognitive Processing

Notebook 38.44 (28.11) 29.79 (26.15) 39.12 (28.10) 30.73 (27.12) 56.45 (29.31)
Bookmark 0.02 (0.07) 0.10 (0.33) 1.46 (2.56) 0.08 (0.37) 0.28 (0.51)
Expert 20.69 (26.82) 28.67 (26.23) 29.51 (29.20) 23.51 (23.66) 23.72 (28.73)

Support Activities Not Possible Otherwise

Probe builder 31.04 (23.36) 39.22 (25.31) 26.93 (12.85) 27.07 (27.81) 36.72 (23.37)
Probe launcher 7.88 (8.44) 7.88 (9.67) 5.96 (6.75) 3.15 (6.81) 3.99 (5.32)

Support Hypothesis Testing

Control room 12.99 (16.27) 11.12 (14.32) 6.67 (8.42) 3.22 (5.63) 11.81 (12.57)
Solution form 14.54 (17.30) 8.82 (12.99) 7.76 (10.33) 8.95 (13.82) 9.18 (16.90)
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Table H9.  Means (and Standard Deviations) for Tool Access Time (Minutes) by Clusters
at Stage 4 (Days 10-12).

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Tools That (n= 45) (n= 32) (n= 12) (n= 56) (n= 18)

Share Cognitive Load

Alien database 15.30 (23.82) 17.26 (16.66) 14.69 (14.39) 26.01 (32.00) 19.90 (18.87)
Solar database 15.24 (14.56) 14.72 (13.40) 25.55 (21.34) 24.04 (21.29) 26.06 (14.76)
Concept database 16.79 (13.80) 11.51 (13.13) 17.33 (15.25) 14.94 (17.86) 5.71 (10.98)
Mission database 2.41 (6.28) 1.58 (3.77) 1.28 (1.61) 2.77 (7.07) 3.24 (4.57)
Periodic chart 0.75 (1.27) 1.24 (1.60) 1.20 (1.77) 0.35 (0.55) 1.15 (1.37)
Spectrogram 0.16 (0.47) 1.10 (1.83) 0.41 (0.56) 1.14 (4.39) 0.63 (1.53)

Support Cognitive Processing

Notebook 28.59 (22.59) 21.20 (21.65) 34.31 (27.94) 32.40 (26.43) 41.62 (21.92)
Bookmark 0.56 (2.18) 0.08 (0.24) 1.37 (2.46) 0.00 (0.01) 0.07 (0.19)
Expert 10.01 (16.74) 12.88 (19.49) 28.62 (33.68) 9.03 (15.49) 16.22 (20.43)

Support Activities Not Possible Otherwise

Probe builder 18.47 (14.65) 27.93 (18.10) 17.38 (14.24) 20.96 (17.70) 29.44 (24.67)
Probe launcher 5.53 (7.54) 7.72 (6.30) 6.41 (6.81) 3.30 (4.64) 3.81 (3.05)

Support Hypothesis Testing

Control room 16.11 (16.43) 22.01 (19.75) 12.32 (12.00) 10.58 (16.08) 12.45 (8.48)
Solution form 25.11 (21.37) 19.79 (20.46) 24.63 (28.81) 22.47 (22.39) 18.25 (21.18)
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Table H10.  Means (and Standard Deviations) for Tool Access Time (Minutes) by
Clusters at Stage 5 (Days 13-15).

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Tools That (n= 45) (n= 32) (n= 12) (n= 56) (n= 18)

Share Cognitive Load

Alien database 8.76 (17.67) 14.64 (13.46) 16.27 (29.13) 18.97 (27.55) 19.78 (22.23)
Solar database 6.09 (12.59) 10.08 (11.12) 10.97 (10.55) 12.30 (18.06) 21.31 (21.03)
Concept database 12.10 (16.02) 12.61 (18.17) 21.09 (32.58) 9.20 (14.12) 5.22 (11.05)
Mission database 2.14 (4.58) 3.21 (5.45) 2.21 (3.82) 2.49 (7.13) 2.45 (3.79)
Periodic chart 0.33 (0.87) 0.88 (1.34) 0.43 (0.54) 0.39 (0.73) 0.68 (0.81)
Spectrogram 0.24 (1.35) 0.88 (1.60) 0.23 (0.52) 0.48 (1.54) 1.00 (2.32)

Support Cognitive Processing

Notebook 14.77 (23.00) 16.99 (19.02) 31.04 (40.24) 27.95 (28.52) 49.55 (36.99)
Bookmark 0.10 (0.35) 0.02 (0.08) 0.21 (0.42) 0.20 (1.46) 0.25 (0.72)
Expert 4.36 (11.45) 10.81 (20.76) 6.91 (23.27) 6.90 (16.21) 5.33 (14.24)

Support Activities Not Possible Otherwise

Probe builder 12.91 (10.72) 12.46 (7.60) 13.47 (10.18) 9.66 (11.94) 10.40 (7.77)
Probe launcher 4.80 (5.53) 6.15 (7.48) 4.21 (3.31) 1.61 (2.46) 3.15 (3.11)

Support Hypothesis Testing

Control room 16.08 (18.74) 17.57 (20.52) 10.46 (10.90) 11.32 (15.71) 27.26 (24.85)
Solution form 28.34 (23.56) 36.47 (27.97) 46.80 (33.72) 41.77 (25.30) 52.80 (30.83)
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Charts I1 to I12 
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Chart I1. Overall Tool Frequency by Cluster
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Chart I19. Tool Frequency at Stage 1 by Cluster
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Chart I2. Tool Frequency at Stage 1 by Cluster 
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Chart I20. Tool Frequency at Stage 2 by Cluster.
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Chart I3. Tool Frequency at Stage 2 by Cluster 
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Chart I21. Tool Frequency at Stage 3 by Cluster.
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Chart I22. Tool Frequency at Stage 4 by Cluster.
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Chart I5. Tool Frequency at Stage 4 by Cluster 
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Chart I23. Tool Frequency at Stage 5 by Cluster.
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Chart I24. Overall Tool Time by Cluster
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Chart I25. Tool Time by Cluster at Stage 1
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Chart I8. Tool Time by Cluster at Stage 1 
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Chart I26. Tool Time by Cluster at Stage 2
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Chart I9. Tool Time by Cluster at Stage 2 
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Chart I27. Tool Time by Cluster at Stage 3
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Chart I10. Tool Time by Cluster at Stage 3 
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Chart I28. Tool Time by Cluster at Stage 4
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Chart I11. Tool Time by Cluster at Stage 4 
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Chart I29. Tool Time by Cluster at Stage 5
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Chart I12. Tool Time by Cluster at Stage 5 
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