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General introduction 3 

1.1  Introduction 

Today we live in a knowledge economy where knowledge production is 

one of our foundational pillars (Bereiter, 2002). The signature characteristic of a 

knowledge economy is that knowledge and the development of knowledge are 

critical economic production factors (Kessels, 2001). The main goal is a better 

understanding of design, development, learning, creation, cooperation, and 

experience (Kessels, 2001). According to Sawyer (2006), in this setting higher 

education graduates need a deep understanding of concepts and the ability to 

work creatively to generate new ideas, new theories, new products, and new 

knowledge. Consequently, students need to have a meaningful approach to 

learning, a focus on and trigger for meaningful learning, as memorization of facts 

and procedures is not enough for success (Biggs & Tang, 2007). Therefore, a 

meaningful approach to learning is a key strategy by which students extract 

meaning and understanding from course materials and experiences (Entwistle, 

2000). 

In higher education, students often aren’t triggered enough to achieve 

meaningful learning; instead, they regularly demonstrate a surface approach to 

learning (Biggs & Tang, 2007; Entwistle & Peterson, 2004), limiting themselves to 

knowledge reproduction as opposed to deeper learning. Moreover, knowledge 

construction processes that foster meaningful learning rarely occur spontaneously 

(Chi & Ohlsson, 2005; King, 2007). These often have to be initiated by a teacher in a 

face-to-face learning process with students. Given the scarcity of teacher 

resources, there is a growing need to develop instructional interventions that are 

more effective in provoking meaningful learning and efficient in requiring a 

minimum of teacher guidance. 

The objective of the research project reported in this dissertation is to 

research and develop a method to more foster meaningful learning in higher 

education utilizing fewer teacher resources. In this way we expect to contribute to 
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a system of higher education that promotes a stronger knowledge economy with a 

more efficient use of our current knowledge resources (teachers). 

1.2  Fostering meaningful learning in higher education 

Meaningful learning (also referred to as deep learning) has been described 

broadly as an ability to critically analyze, study, and explain new knowledge, facts 

and ideas by connecting them with existing knowledge, concepts or principles, and 

the awareness of one’s own development in the learning process (Alexander & 

Murphy, 1999; Ashburn & Floden, 2006; Ausubel, 1963, 1968, 2000; Biggs, 1999; 

Biggs & Tang, 2007; Chin & Brown, 2000; Entwistle, 2000; Ramsden, 1997, 2003; 

Sawyer, 2006). To identify potential triggers to foster meaningful learning in higher 

education, this research project begins with a literature study of factors that 

stimulate the adoption of promising approaches to meaningful learning. Sawyer 

(2006) summarizes a set of six defining characteristics of approaches to meaningful 

learning (see Table 1). 

 

Table 1. Defining characteristics of approaches to meaningful learning according to 
Sawyer (2006) 
 

1. Relating new ideas and concepts to previous knowledge and experience. 

2. Integrating one's knowledge into interrelated conceptual systems. 

3. Looking for meaning, patterns and underlying principles. 

4. Evaluating new ideas and relating them to conclusions. 

5. Understanding the process of dialogue, through which knowledge is 

created, and distinguishing between argument and evidence. 

6. Reflecting on one's own understanding and process of learning. 
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These characteristics refer to aspects of learning activities and student-

centered learning environments that support meaningful learning (Fraser, 2012; 

Struyven, Dochy, Janssens, & Gielen, 2006; Wilson & Fowler, 2005). 

Based on the literature, we expect that external representations of the 

subject matter domain can be useful with respect to the first three characteristics, 

and we also expect that regulated collaboration between students can be useful 

with respect to the last three characteristics. The literature review provides 

empirical evidence for the effectiveness of concept maps as structured diagrams to 

represent the domain and to support understanding of the domain (Novak, 2002, 

2003; O'Donnell, Dansereau, & Hall, 2002). 

Also, the literature review provides empirical evidence for the 

effectiveness of collaboration scripts that regulate collaborative discourse and 

argumentation to support meaningful learning (Chi, 2009; Mayer, 2002; Michael, 

2001; Nussbaum, 2008). Moreover, we follow the suggestion of Novak and Cañas 

(2008) by using a skeleton concept map, described by Novak and Cañas (2008) as a 

partial knowledge domain representation that contains only key concepts and 

some of the relations between them, for difficult topics as an alternative to having 

students prepare a concept map from scratch. Under this rubric, we develop 

instructional interventions consisting of skeleton concept maps as structured 

diagrams to represent the knowledge domain and improve understanding of the 

domain, and then we add collaboration scripts to regulate collaborative discourse 

and argumentation while developing the map, in order to support meaningful 

learning.  

By combining the skeleton concept map with integrated collaboration 

scripts, we expect to arrive at a maximum effect in supporting meaningful learning. 

This combination is not only a challenge for instructional design, it also remains to 

be seen whether the combination indeed is as effective and efficient in educational 

practice as literature suggests. 
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1.3  Educational context 

Literature reveals that students in higher professional education aren’t 

triggered enough to achieve deeper, meaningful learning. They often demonstrate 

a surface approach to learning, limiting themselves to simple knowledge 

reproduction that fails to achieve the goals set forth in a knowledge-driven 

economy. The research reported here is embedded in a practical situation where 

the problem of insufficient meaningful learning manifested itself. The Biomolecules 

course of the Bachelor of Applied Science program at Fontys University of Applied 

Sciences. According to teacher experts from this program, students in the 

Biomolecules course show signs of analyzing and memorizing facts but scant 

growth in meaningful learning and knowledge, or the ability to relate new 

knowledge to existing knowledge. 

For the research, we first perform a pilot study to test the adequacy of the 

developed instruments and procedures, in particular, the Biomolecules skeleton 

concept map with the embedded micro collaboration scripts. Secondly, in the 

sequentially conducted experimental study, we use the instructional interventions 

and instruments of the pilot study. In addition, we develop a retention test in order 

to investigate meaningful understanding and retention. Finally, in the last 

experimental study, we use the methods and instruments of the first experimental 

studies. We construct a mini skeleton concept map test in order to investigate 

students' individual meaningful understanding. The three sequentially conducted 

studies are strongly related, and therefore, took place in the same Biomolecules 

course of the Bachelor of Applied Science program. Although one could argue that 

the conclusions of these studies are limited to the Biomolecules course of the 

Bachelor of Applied Science program, we will argue in the next chapters that the 

results can be applied to other educational disciplines. 

The results of the present research are relevant for educational practice as 

a whole. Meaningful learning in higher education is a cause for concern. With the 

research-generated knowledge, we expect to gain a better understanding of 
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conditions under which multimedia-enriched skeleton concept mapping can 

contribute to meaningful learning and understanding, and in particular, to 

meaningful learning and understanding in higher education. 

1.4 Structure of the dissertation 

An overview of this dissertation is presented in Table 2. Chapter 2 

describes the theoretical framework using a focus on contextual factors that 

encourage meaningful learning. This theoretical framework indicates the design of 

instructional interventions that are effective in provoking meaningful learning. 

Next, we perform a pilot study, reported in Chapter 3, to test the usability of (1) the 

frame of reference, (2) the embedded micro collaboration scripts, (3) the progress 

indicator, (4) the procedures, (5) the enriched skeleton concept map, and (6) the 

rating scales used to measure the quality of content and the quality of dialogue. 

The experimental study reported in Chapter 4 addresses the following research 

question:  

Does self-regulated science learning, through scripting students' 

argumentative interactions during collaborative multimedia-enriched skeleton 

concept mapping, lead to meaningful understanding and retention of the 

conceptual structure of the domain, the concepts, and their relations? 

The last experimental study is reported in Chapter 5 and addresses the 

hypothesis that: 

An individual mini skeleton concept map test can be used as an instrument 

to assess students’ understanding of the conceptual structure of the domain, the 

individual concepts and their relation with sufficient reliability and validity. 

Finally, in Chapter 6, the methods and the main findings and conclusions 

of each study are summarized and discussed. Recommendations and limitations of 

the studies are given, along with suggestions for further research. The final section 

of this dissertation provides some recommendations for educational practice. 
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The three studies are written as a collection of independent journal 

articles. Consequently, there is some overlap, particularly in the theoretical 

sections of Chapters 3, 4 and 5 with Chapter 2, the theoretical framework. Chapter 

4 is already published, and Chapters 3 and 5 are submitted as articles in 

international journals. A list of publications related to the research is included in 

the Appendix: References. 

 

 

. 
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Table 2. 

Overview of the dissertation 

Chapter Contents 

1  General introduction Problem statement: "Students aren’t triggered enough to 

achieve meaningful learning." 

2 Fostering Meaningful 

Learning: 

A Theoretical Framework 

The theoretical framework addresses the design of 

instructional interventions related to the characteristics 

of meaningful learning. 

3 Multimedia-Enriched 

Skeleton Concept Maps, 

Biomolecules,  

to Promote Student 

Understanding 

Adequacy tests of: 

(1) the frame of reference, (2) the embedded micro 

collaboration scripts, (3) the progress indicator, (4) the 

procedures, (5) the enriched skeleton concept map, and 

(6) the rating scales measuring the quality of content and 

the quality of dialogue 

4 Effective Self-Regulated 

Science Learning Through 

Multimedia-Enriched 

Skeleton Concept Maps 

Research question:  

Does self-regulated science learning, through scripting 

students' argumentative interactions during collaborative 

multimedia-enriched skeleton concept mapping, lead to 

meaningful understanding and retention of the 

conceptual structure of the domain, the concepts, and 

their relations? 

5 The Use of Mini Skeleton 

Concept Maps as an 

Instrument For Assessing 

Understanding 

Hypothesis: 

An individual mini skeleton concept map test can be used 

as an instrument to assess students’ understanding of the 

conceptual structure of the domain, the individual 

concepts and their relation with sufficient reliability and 

validity. 

6 General conclusions and 

discussion 

Main conclusions of the research project and discussion 

of the various findings 
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Fostering Meaningful Learning: 
 A Theoretical Framework 
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2.1  Introduction 

Today we live in a knowledge economy where knowledge production is 

one of our foundational pillars (Bereiter, 2002). We distinguish this period from its 

predecessor, the information age. The information age was characterized by rapid 

developments in information technology, initially inspired by a naïve belief that 

computers, as storage and retrieval devices, could meet all demands for relevant 

information and thereby solve most of our learning problems (Andriessen, Baker, & 

Suthers, 2003). In contrast, a characteristic of a knowledge economy is that 

knowledge and the development of knowledge are critical economic production 

factors (Kessels, 2001). The main goal is a better understanding of design, 

development, learning, creation, cooperation, and experience (Kessels, 2001). 

According to Sawyer (2006), higher education graduates need a deep 

understanding of concepts and the ability to work creatively to generate new ideas, 

new theories, new products, and new knowledge. The 2007 survey, "Learning 

without boundaries (Grenzeloos leren)," from the Ministry of Education, Culture 

and Science, assigns the task of strengthening the knowledge economy to the 

institution of education (Onderwijsraad, 2007). In today’s world, higher education 

is the supplier of intellectual capital for the growing knowledge economy (van 

Merriënboer, van der Klink, & Hendriks, 2002). 

Consequently, students need to have a meaningful approach to learning, a 

focus on and trigger for meaningful learning, as memorization of facts and 

procedures is not enough for success (Biggs & Tang, 2007). Therefore, a meaningful 

learning is a key strategy by which students extract meaning and understanding 

from course materials and experiences. In the beginning, students tend to see 

learning mainly as a matter of memorizing and reproducing knowledge in ways 

acceptable to the teacher (Entwistle, 2000). In a nationwide survey of bachelor 

graduates, one quarter stated that they felt their education could have had more 

depth (van der Kolk & Soudant, 2008). 
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2.2  Meaningful learning 

Meaningful learning (also referred to as deep learning) has been described 

broadly as an ability to critically analyze, research, and explain new knowledge, 

facts and ideas by connecting them with existing knowledge, concepts or principles, 

and the awareness of one’s own development in the learning process (Alexander & 

Murphy, 1999; Ashburn & Floden, 2006; Ausubel, 1963, 1968, 2000; Biggs, 1999; 

Biggs & Tang, 2007; Chin & Brown, 2000; Entwistle, 2000; Ramsden, 1997, 2003; 

Sawyer, 2006). An approach to meaningful learning arises when a student tries to 

use the most appropriate cognitive activities for handling a task appropriately and 

meaningfully (Biggs & Tang, 2007; Entwistle, 1991; Marton & Säljö, 1997). 

Sawyer (2006) summarized a set of defining characteristics of approaches 

to meaningful learning (see Table 1). 

 

Table 1. Defining characteristics of approaches to meaningful learning according to 
Sawyer (2006) 
 

• Relating new ideas and concepts to previous knowledge and experience. 

• Integrating one's knowledge into interrelated conceptual systems. 

• Looking for meaning, patterns and underlying principles. 

• Evaluating new ideas and relating them to conclusions. 

• Understanding the process of dialogue, through which knowledge is 

created, and distinguishing between argument and evidence. 

• Reflecting on one's own understanding and process of learning. 

 
 

These six characteristics of approaches to meaningful learning refer to 

learning activities and student-centered environments that support meaningful 

learning (Fraser, 2012; Struyven et al., 2006; Wilson & Fowler, 2005). In contrast to 

the active role these characteristics allocate to the learner, most meaningful 
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learning activities have to be initiated by a teacher in a face-to-face learning 

process with students. Garrison and Cleveland-Innes (2005) investigated students' 

approaches to online learning, and they concluded that structure, leadership, and 

the involvement and presence of the teacher contributed to the adoption of 

approaches to meaningful learning. In addition, students in higher education often 

demonstrate a surface approach to learning (Biggs & Tang, 2007; Entwistle & 

Peterson, 2004). Moreover, knowledge construction processes that foster 

meaningful learning rarely occur spontaneously (Chi, de Leeuw, Chiu, & Lavancher, 

1994; Chi & Ohlsson, 2005; King, 1997, 2007). 

Given the scarcity of teacher resources, there is a need to develop 

instructional interventions that are effective in provoking meaningful learning and 

efficient in requiring a minimum of teacher guidance.  

2.3. Instructional interventions 

A review of Baeten, Kyndt, Struyven, and Dochy (2010) outlines 

encouraging and discouraging factors in stimulating the adoption of promising 

approaches to meaningful learning in student-centered learning environments. The 

results of the studies addressing the effects of student-centered learning 

environments on students' meaningful approaches to learning were not univocal. 

"These mixed findings make clear that influencing students’ approaches towards 

deep learning by means of implementing student-centred learning environments is 

a complex process" (Baeten et al., 2010, p. 246). However, to investigate the nature 

of the relationships between encouraging and discouraging factors, they provided a 

useful overview concerning (1) contextual factors, (2) perceived contextual factors, 

and (3) student factors. 

Compared to Baeten et al. (2010), our theoretical framework will focus on 

the (1) contextual factors and (2) perceived contextual factors that encourage 

meaningful learning. The (3) student factors (e.g., personality, motivation, self-

esteem, self-efficacy) are not a subject of our theoretical framework or the present 
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research. Therefore, the next sections address the design of instructional 

interventions related to the six defining characteristics of approaches to 

meaningful learning (see Table 1), where students can learn collaboratively without 

teacher guidance.  

We will use external representations of the domain to address the first 

three characteristics: (1) relating new ideas and concepts to previous knowledge 

and experience, (2) integrating one's knowledge into interrelated conceptual 

systems, and (3) looking for meaning, patterns and underlying principles. We will 

use regulated collaboration between students to address the last characteristics: 

(4) evaluating new ideas and relating them to conclusions, (5) understanding the 

process of dialogue through which knowledge is created, and distinguishing 

between argument and evidence, and (6) reflecting on one's own understanding 

and process of learning. Our instructional intervention thus consists of (a) 

structured diagrams to represent the domain and to improve understanding of the 

domain (Novak, 2002, 2003; O'Donnell et al., 2002), (b) collaborative discourse and 

argumentation to support meaningful learning (Chi, 2009; Mayer, 2002; Michael, 

2001; Nussbaum, 2008) where collaboration scripts structure students' interaction 

and scaffold collaborative discourse (King, 2007), (c) the combination of the 

skeleton concept maps with the embedded micro collaboration scripts to foster 

meaningful understanding, and finally (d) skeleton concept maps for assessing 

understanding, since the alignment between assessment and intended learning 

outcome is the "magic bullet" in increasing student performance (Cohen, 1987). 

2.3.1  Structured diagrams to represent the domain 

Structured diagrams are thought to be more comprehensible than mere 

words and provide a clearer way to represent the domain of complex topics 

(Davies, 2011). Structured diagrams that represent ideas as node-link assemblies 

are available under different names: concept maps (Novak & Gowin, 1984), 

knowledge maps (Hall, Dansereau, & Skaggs, 1992), mind maps (Buzan, 1974), and 
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topic maps (Pepper, 2000). Sometimes these terms are used synonymously. 

However, these diagram maps can differ considerably, both methodologically and 

in terms of results (Jackson & Trochim, 2002). Eppler (2006) and Davies (2011) 

outline the similarities and differences between different mapping techniques. This 

survey outlines four key types of maps: concept maps, knowledge maps, topic 

maps and mind maps. 

Concept maps are diagrams that represent organized knowledge (Novak & 

Gowin, 1984). Concept maps as semantic networks have their origin in cognitive 

psychology and, going back to Piaget's (1929, 1950) constructivism, dialectical 

constructivism in the "zone of proximal development" (Vygotsky, 1978/1930), and 

the social exchange in the building of cognitive structure (Vygotsky, 1986/1934). 

That is, new concepts can best be learned when they build upon and advance the 

understanding of related prior concepts held by the learner, and learners actively 

construct declarative knowledge (Bereiter, 2002; Biggs & Tang, 2007). The 

theoretical basis for concept maps relies on Ausubel’s cognitive assimilation theory 

(Ausubel, 1963, 1968, 2000) and Novak’s theory of learning (Ausubel, Novak, & 

Hanesian, 1978; Novak & Gowin, 1984), which states that people learn new things 

by relating it to previously existing knowledge. In particular, the structure of 

concept maps can be used as an organizer under which new elements are 

subsumed.  

A concept map as graphic organizer is distinguished by the use of labeled 

nodes denoting concepts (often represented by a box or circle) and links denoting 

relationships among concepts. The links in a concept map may be labeled or 

unlabeled, directional or not directional. Cañas and Novak (2012) emphasized the 

importance of the hierarchical structure of knowledge in a particular domain, 

which usually leads to a hierarchical structure in concept maps. In other words, 

concept maps should have more inclusive, general concepts at the top of the 

hierarchy with progressively reducing generality at the lower levels, which consist 

of less inclusive, more specific concepts. The basic "Novakian" concept map has a 
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hierarchical knowledge structure and responds to a well-formed focus question 

that clearly identifies the issue the concept map should help to resolve (Cañas & 

Novak, 2012). 

Knowledge maps (O'Donnell et al., 2002) are very similar to concept maps 

in terms of structures, goals, benefits, and areas of application; however, 

knowledge maps have specific types of links. Knowledge maps are based on a 

semantic network metaphor of our mind developed in the late 1950s as a theory to 

understand human learning and developed further by Collins and Quillian (1969). A 

knowledge map is a two-dimensional graphical diagram that presents information, 

but the method of relationship designation in knowledge maps distinguishes the 

technique from other types of maps, such as concept maps (Dansereau, 2005; 

O'Donnell et al., 2002). The directional links are labeled by a fixed vocabulary of 

symbols such as P = Part, T = Type, Ex = Example, L = Leads to, D = Definition or C = 

Characteristic (Dansereau, 2005; O'Donnell et al., 2002). 

Mind maps, mostly radial maps, are visual non-linear representations of 

ideas and their relationships (Davies, 2011). Radial maps trace back centuries, for 

example, the Radial Eugenics Diagram in 19th-century (Estabrook & Davenport, 

1912). Mind maps comprise a network of connected and related concepts. 

However, in mind mapping, any idea can be connected to any other. Free-form, 

spontaneous thinking is required when creating a mind map, and the aim of mind 

mapping is to find creative associations between ideas. Thus, mind maps are 

principally association maps. Mind maps and mind mapping techniques were 

popularized by Tony Buzan (Buzan, 1974; Buzan & Buzan, 2010). 

Topic maps are used for describing knowledge structures and associating 

them with their resources. A topic map contains basic concepts, such as Topics, 

Associations, and Occurrences. Topics represent any concept; associations, 

represent hyper-graph relationships between topics; and occurrences represent 

information resources relevant to a particular topic (Maicher & Garshol, 2007; 

Pepper, 2000). In addition, a topic map is an ISO standard, formally known as 
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ISO/IEC 13250:2003 (Lee & Segev, 2012). Topic maps can consist of topics and 

relationships between them, so topic maps are more or less similar to the previous 

maps, except that topic maps are more focused on standards. 

Concept maps are used by educators and researchers, and frequently, the 

hierarchical knowledge structure of the Novakian concept map can be observed. 

However, methodologically and conceptually, there is no need to impose a 

hierarchical structure of knowledge (Ruiz-Primo & Shavelson, 1996). Hall et al. 

(1992) suggest that whether to use Novakian concept maps as a form of 

representation must depend on the characteristics of the knowledge domain to be 

represented. Throughout this research, we do not use Novakian concept maps as a 

form of representation. We make use of concept maps that do not have a 

hierarchical structure of knowledge. 

2.3.2  Concept maps to improve understanding of the domain 

Concept maps can engage students in and improve their understanding of 

a specific knowledge domain (Novak, 2002, 2003; O'Donnell et al., 2002). 

Furthermore, concept maps are frequently used as mind tools (Jonassen, Carr, & 

Yueh, 1998; Tergan, Gräber, & Neumann, 2006) that assist students in representing 

their knowledge in a structured way.  

When concept map tools are employed in education, students are often 

asked to start with a "blank sheet" and begin to construct a concept map for some 

topic from scratch. The concept maps are then extended and refined as students 

develop other activities related to the concepts and increase their understanding 

(Novak, 1998, 2002, 2003; Novak & Cañas, 2008; Novak & Gowin, 1984; O'Donnell 

et al., 2002; Preszler, 2004). However, starting with a blank sheet may have its 

drawbacks, because asking students to draw a map from scratch may impose too 

high a cognitive demand to produce a meaningful representation of their 

knowledge (Schau, Mattern, Zeilik, Teague, & Weber, 2001). Moreover, students 

may have misconceptions or faulty ideas about a topic that impede their learning if 
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they were to begin with a blank sheet (Afamasaga-Fuata'i, 2009; Novak, 2002; van 

Boxtel, van der Linden, Roelofs, & Erkens, 2002). For difficult topics, Novak and 

Cañas (2008) and Novak (2010) suggest using a "skeleton concept map" as an 

alternative to having students prepare a concept map from scratch. 

Novak and Cañas (2008) describe a skeleton concept map as a partial 

knowledge domain representation that contains only key concepts and some of the 

relations between them. Experts select the key concepts they consider essential to 

understanding the domain and describe some of the relations between these 

concepts. The scaffolding provided by the skeleton concept map permits students 

to build their knowledge on a solid foundation as they begin to research relevant 

resources and add concepts and resources to their concept map. Skeleton concept 

maps may provide scaffolds to improve students' knowledge construction and 

structure the visualization of a specific knowledge domain. Furthermore, according 

to Novak (2010), skeleton concept maps support the following characteristics of 

approaches to meaningful learning: (1) relating new ideas and concepts to previous 

knowledge and experience, (2) integrating one's knowledge into interrelated 

conceptual systems, and (3) looking for meaning, patterns and underlying 

principles (see Table 1). Skeleton concept maps facilitate the learning process when 

students work together on a collaborative learning task.  

Skeleton concept maps, however, do not necessarily regulate the 

collaboration between students in an effective way. We still have to guide and 

stimulate a meaningful dialogue between the students to realize the following 

characteristics of approaches to meaningful learning: (1) evaluating new ideas, and 

relating them to conclusions, (2) understanding the process of dialogue, through 

which knowledge is created, and distinguishing between argument and evidence, 

and (3) reflecting on one's own understanding and process of learning (see 

Table 1). 
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2.3.3  Collaborative discourse and argumentation 

From a socio-cognitive perspective, meaningful learning is influenced by 

interaction and activities with others (Mugny & Doise, 1978). When students are 

explicitly stimulated to explain concepts and their relations, they experience a 

deeper, more meaningful learning process (Chi et al., 1994). According to Chi 

(2009), Mayer (2002), Michael (2001), and Nussbaum (2008), when engaging 

students in knowledge construction processes, such as collaborative discourse and 

argumentation, this has a positive effect on meaningful learning, because we force 

students to externalize their knowledge, monitor each other's learning, and jointly 

negotiate meaning. Essential to the collaboration is that students work together to 

achieve shared goals and maximize their own and each other's learning (Johnson & 

Johnson, 1998). For collaboration to be an effective approach to meaningful 

learning, students must explicate their thoughts; actively participate, discuss, and 

negotiate their views with the other students in their team; coordinate and 

regulate actions between them; and share responsibility for both the learning 

process and the common product (Johnson & Johnson, 1998; Kirschner & Erkens, 

2013). Analyses of students' interactions during collaborative concept mapping 

have demonstrated meaningful discourse (Roth & Roychoudhury, 1993, 1994; van 

Boxtel et al., 2002). However, students do not collaborate well if left unaided 

(Weinberger et al., 2007). Collaborative learning – be it face-to-face or mediated by 

a computer – needs to be supported by adequate scaffolds like collaboration 

scripts (Fischer, Kollar, Haake, & Mandl, 2007).  

Collaboration scripts structure students' interaction and scaffold 

collaborative learning through the use of roles, activities, and sequencing of 

activities (King, 2007). One well-known approach to scripting is the so-called 

MURDER script (Mood, Understand, Recall, Detect, Elaborate, and Review) 

developed by Dansereau and O'Donnell (Dansereau, 1988; O'Donnell, 1999; 

O'Donnell & Dansereau, 1992). The script is directed at helping dyads in learning 
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collaboratively from text material in science. The script includes detailed 

instruction on how to proceed in jointly processing the text at hand (Rummel & 

Spada, 2007). Collaboration scripts can stimulate and guide students in meaningful 

dialogues and can structure the process of argumentative knowledge construction 

(Dillenbourg & Hong, 2008; Fischer, Kollar, Haake, et al., 2007; King, 2007; 

Weinberger et al., 2007).  

Kobbe et al. (2007) present a generic framework for the specification of 

collaboration scripts using a small number of components (participants, activities, 

roles, resources, and groups) and mechanisms (task distribution, group formation, 

and sequencing). Dillenbourg and Hong (2008) distinguish between "macro scripts" 

and "micro scripts." Macro scripts are pedagogical models: they describe group 

formation and the collaboration process using phases, roles, and activities. Macro 

scripts model a sequence of activities to be performed by groups, for instance, the 

jig-saw script (Aronson & Patnoe, 1997). Micro scripts are dialogue models that 

structure interaction and foster argumentation, explanations, and mutual 

regulation. Micro scripts are often embedded in a communication tool, for 

instance, semi-structured communication interfaces, such as Belvedere (Suthers, 

2001), which students are expected to adopt. A micro script may prompt a student 

to respond to the argument of a fellow student with a counter-argument 

(Weinberger et al., 2007). Micro scripts hold the promise of efficiently and 

effectively guiding and regulating the collaborative learning process of students 

engaged in working with concepts maps. It is expected that students will ultimately 

organize their interaction without the use of collaboration scripts, since the scripts 

will become internalized through practice (Dillenbourg & Hong, 2008; King, 2007). 

Fading of collaboration scripts can be considered for allowing students to take over 

control of their own activities. There is, however, the danger that students might 

relapse into novice strategies after script prompts are faded (Wecker & Fischer, 

2011).  
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2.3.4 Skeleton concept maps and embedded micro collaboration scripts 

In sum, there is sufficient ground to investigate how the combination of 

skeleton concept maps with the embedded micro collaboration scripts can foster 

meaningful learning. The skeleton concept maps are expected to support the 

following characteristics of approaches to meaningful learning: (1) relating new 

ideas and concepts to previous knowledge and experience, (2) integrating one's 

knowledge into interrelated conceptual systems, and (3) looking for meaning, 

patterns and underlying principles. In addition, the embedded micro collaboration 

scripts are expected to support the following characteristics: (4) evaluating new 

ideas and relating them to conclusions, (5) understanding the process of dialogue, 

through which knowledge is created, and distinguishing between argument and 

evidence, and (6) reflecting on one's own understanding and process of learning 

(see Table 1).  

Our strategy, therefore, is to provide students with an enriched skeleton 

concept map. Enriched skeleton concept maps, in contrast to the skeleton concept 

map of Novak and Cañas (2008), are the visualizations of the key concepts but 

without their relations. Each concept in the enriched skeleton concept map 

contains an attached worksheet with a micro collaboration script. Throughout this 

research, we make use of (enriched skeleton) concept maps that do not have a 

hierarchical structure of knowledge; therefore, we do not use Novakian concept 

maps as a form of representation. The embedded micro collaboration script guides 

students' collaborative argumentation. Furthermore, micro collaboration scripts 

instruct students to put extra focus on the meaning of the concepts and their 

interconnections. In this way, we expect to give students a navigational instrument 

with which a higher level of understanding of knowledge construction processes, a 

meaningful learning effect, can be attained.  
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2.3 5 Skeleton concept maps for assessing understanding 

When a multiple choice examination is used in combination with student-

activating approaches to meaningful learning, the students are pushed towards a 

surface approach to learning (Struyven et al., 2006). In addition, the alignment 

between the assessment strategy and the learning activities of a particular course 

has a major impact on student activity (Cohen, 1987; Gibbs, 2006; Kneale, 1997; 

Snyder, 1971). Our strategy, therefore, is to align the assessment with the skeleton 

concept mapping activities and the targeted meaningful understanding, and 

therefore, we explore concept map-based tasks for assessment. 

Concept map assessment can be defined as a combination of a task, a 

response format, and a scoring system (Shavelson, Lang, & Lewin, 1994). Based on 

this combination, a concept map used as an assessment tool can be characterized 

as a task that elicits evidence of the knowledge domain, a response format, and a 

scoring system by which the concept map can be evaluated (Ruiz-Primo & 

Shavelson, 1996). Ruiz-Primo and Shavelson (1996) provide an overview of twenty-

one examples of different types of tasks, response formats, and scoring systems 

used in research on concept maps, from complete freedom of structure and/or 

content to restricted structure and/or content. In addition, they identified three 

ways in which concept-mapping tasks varied: (1) task demands, (2) task constraints, 

and (3) task content structures. Task demands refer to the demands made on 

students in generating their concept maps. For example, students can be asked to 

fill in a skeleton map, construct a concept map, organize concepts, rate relatedness 

of concept pairs, et cetera. Task constraints refer to the restrictiveness of the task. 

For example, concepts for the map are provided, a structure for the map is 

provided, labels for the links are provided, concepts can be moved before settling 

on a map, or the terms used in the maps need to be formulated. Task content 

structures refer to the intersection of the task demands and task constraints with 

the structure of the subject domain to be mapped. 
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As stated previously, we deal with a restricted, pre-structured skeleton 

concept map. This refers to a non-hierarchical map where the concept positions 

are fixed on the map. Students have to formulate the meaning of the concepts, add 

new links, and formulate the meaning of the links. The students' concept maps can 

be scored using the similarity between the quality of the content of a given 

(student) concept map and the (expert) criterion map (Ruiz-Primo, Schultz, Li, & 

Shavelson, 2001; Schau et al., 2001; Yin & Shavelson, 2008). The (expert) criterion 

map describes the intended content and cognitive levels for the students’ learning 

outcomes. However, scoring all the concepts and relations may not be necessary in 

educational practice. Ruiz-Primo (2000) argued that a random sample of key 

concepts could provide critical information about a student’s understanding of a 

knowledge domain when the key concepts in the knowledge domain are carefully 

specified. So, a mini skeleton concept map derived from the skeleton concept map 

can be explored as a reliable and valid instrument for assessing students' individual 

understanding. 

2.4  Conclusion 

The theoretical framework presented here describes how a combination 

of instructional interventions can be used to realize characteristics of meaningful 

learning in higher professional education. Empirical evidence was presented for the 

effectiveness of individual components, such as concept mapping or collaborative 

learning regulated by scripts. Integrating these components, for example in 

skeleton concept maps with embedded micro collaboration scripts, is not only a 

challenge for instructional design, it also remains to be seen whether the 

combination is as effective and efficient as literature suggests. 
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3.1  Abstract 

In higher education in general, and in particular in the Biomolecules course 

of the Bachelor of Applied Science program, students aren’t triggered enough to 

achieve "deep learning." This article reports a study in which we merged the 

instructional use of concept maps and collaboration scripts to promote students' 

understanding. Students worked in dyads on a multimedia-enriched skeleton 

concept map (ESCoM) under the guidance of collaboration scripts. Our ESCoM is 

the visualization of the conceptual structure of the domain Biomolecules. Each 

concept in the ESCoM Biomolecules contains (1) annotated multimedia content 

(pictures, text, animations or video clips) that elaborated on the concept, and (2) 

an embedded collaboration script to guide students' interactions. 

Twenty-four students in the Biomolecules course of the Bachelor of 

Applied Science program took part in this study. We tested the adequacy of the 

ESCoM Biomolecules instruments and procedures. The results show that students 

and biology teachers were able to handle the ESCoM Biomolecules and appreciated 

them. The ESCoM scaffolds students by providing an initial view of the 

Biomolecules domain, which they refine by adding new relations and multimedia 

information resources. Finally, we found that the scripts guide and regulate 

students’ collaborative learning processes to promote students' understanding of 

Biomolecules. 

 

Keywords: biomolecules, multimedia, concept map, collaboration, 

understanding 

3.2  Introduction 

In higher education in general, and in particular in the Biomolecules course 

of the Bachelor of Applied Science program, students aren’t triggered enough to 

achieve "deep learning." Students in higher education need to develop a focus on 
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meaningful learning; memorization of facts and procedures is not enough for 

success (Biggs & Tang, 2007). Graduates from higher education need a deep 

understanding of concepts to generate new ideas, new theories, new products, and 

new knowledge (Bereiter, 2002; Sawyer, 2006). 

Meaningful learning (also referred to as deep learning) has been described 

as the ability to critically analyze, research and explain new knowledge, facts and 

ideas by connecting them with existing knowledge, concepts or principles, and 

being aware of one's own development in the learning process (Ashburn & Floden, 

2006; Ausubel, 2000; Biggs & Tang, 2007; Chin & Brown, 2000; Entwistle, 2000; 

Sawyer, 2006). When students are engaged in knowledge construction processes, 

such as other activities and argumentation, this has a strengthening effect on 

meaningful learning (Chi, 2009; Mayer, 2002; Nussbaum, 2008). Unfortunately, 

students in higher education often demonstrate a surface approach to learning 

(Biggs & Tang, 2007; Entwistle & Peterson, 2004). Moreover, knowledge 

construction processes to foster meaningful learning rarely occur spontaneously 

(Chi & Ohlsson, 2005; King, 2007). In general, they are initiated by a teacher in a 

face-to-face learning process with students. Given the scarcity of teacher 

resources, there is a need to develop instructional interventions that are effective 

in provoking meaningful learning and efficient in requiring a minimum of teacher 

guidance. 

We aim to promote students' understanding of Biomolecules by scripted 

collaborative concept mapping: a structured visualization of concepts in the 

domain Biomolecules, and regulation of the dialogue between the students, 

without teacher guidance. Our visual representation of the domain Biomolecules is 

a concept map. "The application of concept maps to biological education has 

progressed considerably over the past four decades since their development in the 

early 1970s by Joseph Novak" (Kinchin, 2011, p. 183). A concept map is a graphic 

representation of concepts and their relation in a domain-specific knowledge area. 

It is a structured network in which concepts are represented as nodes, and the 
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relationships between the concepts are represented by lines (Dansereau, 2005; 

Novak & Cañas, 2008; O'Donnell et al., 2002). Concept maps can engage students in 

and improve their understanding of a specific knowledge domain (Novak, 2002; 

O'Donnell et al., 2002). Furthermore, concept maps are frequently used as 

instructional tools (Tergan et al., 2006) that assist students in representing their 

knowledge in a structured way. 

Students are often asked to start with a "blank sheet" and begin to 

construct a concept map for some topic. The concept maps are then developed, 

extended and refined as the students develop other activities related to the 

concepts and increase their understanding (Novak, 1998, 2002, 2003; Novak & 

Cañas, 2008; O'Donnell et al., 2002; Preszler, 2004). However, starting with a blank 

sheet may have its drawbacks, because asking students to draw a map from scratch 

may impose too high a cognitive demand to produce a meaningful representation 

of their knowledge (Schau et al., 2001). Moreover, students may have 

misconceptions or faulty ideas about a topic that would impede their learning if 

they were to begin with a "blank sheet" (Afamasaga-Fuata'i, 2009; Novak, 2002; 

van Boxtel et al., 2002). For difficult topics, as determined by the teacher’s 

experience, Novak and Cañas (2008) suggest using a "skeleton concept map" as an 

alternative to having students prepare a concept map from scratch. 

Novak and Cañas (2008) described the skeleton concept map as a partial 

knowledge domain representation that contains only key concepts and some of the 

relations between them. Experts select the key concepts they consider essential to 

understanding the domain and describe some of the relations between these 

concepts. The scaffolding provided by the skeleton concept map permits students 

to build their knowledge on a solid foundation as they begin to research relevant 

resources and add concepts and resources to their concept map. Furthermore, they 

may structure the visualization of a specific knowledge domain. In this study, we 

provide students with a multimedia-enriched skeleton concept map (ESCoM). As an 
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example, see part of the multimedia ESCoM Biomolecules, subdomain Proteins, 

shown in Figure 1. 

 

 
 

ESCoMs, in contrast to the skeleton concept map of Novak and Cañas 

(2008), are the visualization of the conceptual structure of a specific knowledge 

domain, without the visualization of the relations between the concepts. Each 

concept in the ESCoM Biomolecules contains (1) annotated factual multimedia 

content (pictures, text, animations or video clips) that elaborated on the concept, 

and (2) an attached worksheet to formulate the meaning of the concept. The 

ESCoMs Biomolecules are enriched with multimedia content and a worksheet to 

provide scaffolds to improve students' knowledge construction. However, to 

promote students' understanding of Biomolecules, we also have to stimulate a 

meaningful dialogue between the students while they work on the ESCoM 

Biomolecules. According to Chi (2009), Michael (2001), and Nussbaum (2008), 

collaborative discourse and collaborative argumentation are important to 

meaningful learning, because they force students to externalize their knowledge, 

monitor each other's learning, and jointly negotiate meaning. Some analyses of 

students' interactions during collaborative concept mapping have demonstrated 

meaningful discourse (Roth & Roychoudhury, 1993, 1994; van Boxtel et al., 2002). 
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More often, students do not collaborate well if left unaided (Weinberger et al., 

2007). Collaborative learning – be it face-to-face or mediated by a computer – 

needs to be supported by adequate scaffolds (Fischer, Kollar, Haake, et al., 2007). 

Collaboration scripts form an important example of these scaffolds.  

Collaboration scripts structure students' interaction and scaffold 

collaborative learning through the use of roles, activities, and sequencing of 

activities (King, 2007). Collaboration scripts can stimulate and guide students in 

meaningful dialogues and can structure the process of argumentative knowledge 

construction (Dillenbourg & Hong, 2008; Fischer, Kollar, Haake, et al., 2007; King, 

2007; Weinberger et al., 2007). Kobbe et al. (2007) present a generic framework for 

the specification of collaboration scripts using a small number of components 

(participants, activities, roles, resources and groups) and mechanisms (task 

distribution, group formation and sequencing).  

Dillenbourg and Hong (2008) distinguish "macro scripts" and "micro 

scripts." Macro scripts are pedagogical models: They describe group formation and 

the collaboration process using phases, roles and activities. Macro scripts model a 

sequence of activities to be performed by groups, for instance, the jig-saw script 

(Aronson & Patnoe, 1997). Micro scripts are dialogue models that structure 

interaction and foster argumentation, explanations and mutual regulation. Micro 

scripts are often embedded in a communication tool, for instance, semi-structured 

communication interfaces such as Belvedere (Suthers, 2001), which students are 

expected to adopt. A micro script may prompt a student to respond to the 

argument of a fellow student with a counter-argument (Weinberger et al., 2007). It 

is expected that students will organize their interaction without the use of 

collaboration scripts since the scripts will become internalized through practice 

(Dillenbourg & Hong, 2008; King, 2007). Fading of collaboration scripts can be 

considered for allowing students to take over control of their activities. There is, 

however, the danger that students might relapse into novice strategies after script 

prompts are faded (Wecker & Fischer, 2011). 
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To date, empirical research has focused on traditional concept mapping 

(Novak & Cañas, 2008; Tergan et al., 2006). This study aims at demonstrating the 

potential of the ESCoM Biomolecules with scripted collaborative concept mapping. 

Our strategy is to guide and support students' argumentative interactions during 

collaborative concept mapping with collaboration scripts to promote students' 

understanding of Biomolecules. We use the ESCoM Biomolecules, enriched with 

multimedia content and an embedded micro collaboration script in the attached 

worksheet of each concept. The embedded collaboration scripts encourage 

students' collaborative discourse and argumentation. Furthermore, collaboration 

scripts guide the students to concentrate on the meaning of the concepts and their 

relations.  

This study was conducted in order to test the adequacy of the ESCoM 

Biomolecules instruments and procedures to promote students' understanding. 

The data reported here comprise (a) the evaluation of students' preparation for the 

Biomolecules course; (b) the evaluation of students' appreciation of the ESCoM 

Biomolecules products and processes; (c) students' experience with the ESCoMs 

Biomolecules; (d) our experience with the rating scales to measure the quality of 

the annotated content on the students’ concept map worksheets, and the quality 

of the dialogue with respect to content annotated. 

3.3  Method 

3.3 1 Participants 

First-year students (N = 24, 4 women, 20 men, ages 18 – 21 years, 

M = 19.0, SD = 0.8) of the Bachelor of Applied Science program at Fontys University 

of Applied Sciences took part in this study. In all, 79% of the students had a prior 

senior general secondary education2 (the regular intake), with science orientation; 

2 In Dutch ''hoger algemeen voortgezet onderwijs" (havo) 
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13% had a previous pre-university education3; and 8% had other previous 

education. The sample of the pilot study comprised one regular class of 24 

randomly assigned students divided into dyads of 12 peer groups.  

3.3 2 Design 

The experiment was conducted in a Biomolecules course over a four-week 

period. The study group worked on concept mapping activities in peer groups. They 

had as much time as the regular group: each week, two peer group sessions of two 

hours. During the peer group sessions, the students worked together in dyads on 

the ESCoM Biomolecules under the guidance of the micro collaboration scripts. 

They had no teacher contact hours, and thus, neither lectures, nor tutorials. 

3.3 3 Procedure 

All students in the study group were trained in the use of the ESCoM 

Biomolecules with the concept mapping tool. This two-hour training took place in 

the week before the course started. The students in the study group made use of a 

laptop with the concept mapping software tool installed. They learned how to add 

annotations and data to the concepts and how to create interconnections between 

the concepts. Additionally, they were trained to use the concept map in a shared 

workspace. 

As part of the peer group session, students completed an evaluation 

questionnaire after the first peer group session, as well as after the last peer group 

session, which took about 15 minutes each. 

3.3 4 Instruments  

The domain concept map Biomolecules was used as a master map for 

constructing the ESCoM Biomolecules and as a criterion map to compare the 

3 In Dutch "voorbereidend wetenschappelijk onderwijs" (vwo) 
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concept maps constructed by the students. The domain concept map Biomolecules 

was created by two biology teacher-experts in the domain of Biomolecules. The 

biology teacher-experts worked together to select 49 key concepts and added 44 

relations they considered essential for the students as the domain knowledge 

representation of Biomolecules. The concepts and their relations were grouped in 

the domain concept map to represent the four subdomains in order to support 

students' orientation and navigation. Carbohydrates, Lipids, Nucleic acids and 

Proteins are the four subdomains of the domain Biomolecules (Campbell et al., 

2011). To each concept and relation, the biology teacher-experts added the 

multimedia content they considered essential for the students in a separate 

worksheet. We refer to this information as the "expert domain information" as a 

criterion to compare the concept maps constructed by the students. 

 

 
 

In this study, we provided students with an ESCoM Biomolecules. As an 

example, see part of the multimedia ESCoM Biomolecules, subdomain Lipids, 

shown in Figure 2. The enriched skeleton concept map provided to the students 

was derived from the domain concept map by deleting the relations. Each concept 

in the enriched skeleton concept map contained (1) annotated factual multimedia 

content (pictures, text, animations or video clips) that elaborated on the concept, 
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(2) an attached worksheet containing a "5-step collaboration script," and (3) a 

progress indicator. See the concept membrane in Figure 3 and Figure 4 as an 

example. Each new relation contains a "3-step collaboration script." Additionally, 

the biology teacher-experts filled in the annotated worksheets of three concepts 

and their two relations as a working example for the students. 

 

 
 

The collaboration script guides students' argumentative interactions. 

Moreover, the script structurally supports students in critically analyzing, 
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elaborating and explaining the meaning of the concept to promote students' 

understanding of the concepts. In addition, progress indicators were used, which 

served as an awareness and monitoring tool (Figure 4). 

 

 
 

For each new relation the students added, they filled in an attached 

worksheet according to a "3-step collaboration script" (Figure 5). 

 

 
 

Students used the concept mapping software tool Mindjet's MindManager 

Pro that is described by Sarker, Wallace, and Gill (2008) as one of the best of its 

kind, given that it has many useful, intuitive built-in (multimedia) functions and 

user-friendly graphical interface.  
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Students' preparation for the course was measured using a 10-item 

questionnaire on a 5-point Likert-type scale. Students were asked to indicate to 

what extent they understood the instructions, were informed about the aim of the 

course, and the products they had to deliver, as well as the assessments they were 

to complete. 

Students' appreciation of the ESCoM products and processes were 

measured using a 30-item questionnaire on a 5-point Likert-type scale addressing 

four topics, which took about 15 minutes after the last peer group session. The first 

topic referred to the adequacy of the domain representation in the ESCoM, related 

to the information in their textbook, Biology (Campbell et al., 2011). The second 

topic referred to the effectiveness of the learning activities during the peer group 

sessions, and the third topic referred to students' motivation. Finally, the fourth 

topic referred to the support offered by the embedded scripts in students' 

interaction. 

The literature is abundant with studies on the assessment of concept maps 

(Cañas & Novak, 2012). Strautmane (2012) provides an overview of different 

scoring criteria for common concept mapping tasks, from complete freedom of 

structure and/or content to restricted structure and/or content. In this study, we 

chose to use a "similarity scoring method," since we deal with the restricted 

structure and content of the ESCoM Biomolecules. The ESCoM Biomolecules can be 

compared with a pre-structured concept map and can be scored by using the 

similarity between the quality of the content of a given (student) concept map and 

a (expert) criterion map (Ruiz-Primo et al., 2001; Schau et al., 2001; Yin & 

Shavelson, 2008). Two biology teacher-experts assessed the quality of the 

annotated content on the students’ concept map worksheets. They used a rating 

scale ranging from 1 (no similarities) to 5 (a great deal of similarities and a 

complete and correct description of essential information). 

In addition, the biology teacher-experts rated the quality of the dialogue 

with respect to content annotated on each step in order to assess whether the 
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micro scripts guided students to meaningful dialogue and argumentation. The 

biology teacher-experts used a rating scale ranging from 1 (no dialogue), 2 

(moderate dialogue) to 3 (meaningful dialogue). 

3.4  Results 

Results on the preparation questionnaire indicate that the students in the 

study group were sufficiently prepared for the Biomolecules course with the 

ESCoM Biomolecules. This is demonstrated by the overall mean score (M = 3.83 on 

a 5-point scale, and SD = 0.34) as well as the results on specific questions, such as 

clarity of the aim of the course (M = 3.95), the instructions (M = 3.91), and 

assessments (M = 3.36). 

Evaluation of results shows (1) the adequacy of the domain representation 

in the ESCoM Biomolecules (M = 3.83 on a 5-point scale, SD = 0.31), (2) the 

effectiveness of the learning activities during the peer group sessions (M = 3.42, SD 

= 0.48), (3) student motivation (M = 3.68, SD = 0.53), and (4) the support of the 

embedded scripts in their interactions (M = 3.61, SD = 0.52). 

The domain concept map Biomolecules, which contained 49 concepts and 

44 relations, was used as a criterion map to assess the concept maps constructed 

by the peer groups. The quality of the content of the 49 concepts the peer groups 

added to their concept map was rated independently by the two biology teacher-

experts. They used a 5-point rating scale ranging from 1 (no similarities) to 5 (a 

great deal of similarities and a complete and correct description of essential 

information).  

The inter-rater reliability between the biology teacher-experts was strong 

(r = .84). The quality of the content of the 49 concepts, on the 5-point content 

similarity rating scale (M = 3.18, SD = 0.65) were modest. The quality of dialogues 

of the 49 concepts, on the 3-point discussion rating scale (M = 2.11, SD = 0.27) 

were modest. The correlations between the quality of the content and the quality 

of dialogues scores of each of the 49 concepts were high (r = .87). 
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The peer groups added 137 different relations with a mean number of 37. 

The quality of content of the 137 relations was also rated independently with a 

strong inter-rater reliability of r = .74. The quality of the content of the 137 added 

relations (M = 3.66 on a 5-point scale, SD = 1.28), and the quality of the dialogues 

(M = 1.78 on a 3-point scale, SD = 0.62) were modest.  

3.5  Conclusion and discussion 

The objective of this study was to test the adequacy of the ESCoM 

Biomolecules instruments and procedures, in particular, the multimedia-enriched 

skeleton concept map with the embedded micro collaboration scripts to promote 

students' understanding. From this, the following conclusions can be drawn. 

Students were sufficiently prepared for the course and appreciated the 

ESCoM Biomolecules products and processes. The worksheets showed that 

students were able to handle the ESCoM Biomolecules with the embedded micro 

collaboration scripts. In addition, they appreciated the progress indicator, which 

served as an awareness and monitoring tool, as shown by the results of the 

evaluation questionnaire. Apparently, they were able to control their progress in 

the scripts and the overall progress in students' concept map.  

The rating scales measuring the quality of content and the quality of 

dialogue of the concepts appears to be adequate. Both scales show a strong inter-

rater reliability. Therefore, it seems plausible that concept maps can be reliably 

scored even when complex judgments, such as quality of content and quality of 

dialogue, are required. 

The findings indicate that the multimedia ESCoM Biomolecules scaffolds 

students by providing an initial view of the domain Biomolecules, which they can 

refine by adding new relations and multimedia information resources. These 

findings are in line with Novak and Cañas (2008). Additionally, from the scores on 

the content and dialogue quality, we conclude that the micro scripts guide and 

regulate the collaborative learning process of students engaged in working with the 
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ESCoM Biomolecules to promote students' understanding of Biomolecules. These 

findings are in line with Dansereau (2005) and Weinberger et al. (2007).  

To date, empirical research has focused on traditional concept mapping 

(Novak & Cañas, 2008; Tergan et al., 2006). Despite its limitations, the outcome of 

this study, as well as certain design aspects, indicates the potential of the ESCoM 

Biomolecules, enriched with multimedia content and embedded micro 

collaboration scripts. This will be the topic of further research to foster and 

evaluate students' meaningful learning. 
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4.1  Abstract 

There has been considerable interest among researchers in the 

instructional use of concept maps and collaboration scripts (Dansereau, 2005; 

Fischer, Kollar, Mandl, & Haake, 2007; Nesbit & Adesope, 2006; Novak & Cañas, 

2008; Torres & Marriott, 2010). Some studies focus on students' collaboration on 

concept mapping tasks, others focus on scripts to structure learning tasks and 

guide interactions. Little is known about scripted collaborative concept mapping. 

This article reports a study in which we examine the effects of self-regulated 

science learning through scripting students' argumentative interactions during 

collaborative "multimedia-enriched skeleton concept mapping" on meaningful 

science learning and retention. Each concept in the enriched skeleton concept map 

(ESCoM) contained annotated multimedia-rich content (pictures, text, animations 

or video clips) that elaborated on the concept, and an embedded collaboration 

script to guide students' interactions. The study was performed in a Biomolecules 

course of the Bachelor of Applied Science program. First-year students were 

randomly assigned to an experimental group of 44 students and a control group of 

49 students. In the experimental group, students worked together in dyads on an 

ESCoM, guided by embedded collaboration scripts. The results show that students 

and teachers were able to handle the ESCoM and appreciated them. Moreover, 

concept maps appeared to be scored reliable and validly. 

The retention test taken one month after the regular course exam showed 

the experimental group significantly outperformed the control group. Scripted 

collaborative multimedia ESCoM mapping resulted in meaningful understanding 

and retention of the conceptual structure of the domain, the concepts, and their 

relations. Not only was scripted collaborative multimedia ESCoM mapping more 

effective than the traditional teaching approach, it was also more efficient in 

requiring far less teacher guidance. 
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Keywords: meaningful learning, retention, skeleton concept map, 

collaboration, science. 

 

4.2  Introduction 

Students in higher education need to develop a focus on meaningful 

learning; memorization of facts and procedures is not enough for success (Biggs & 

Tang, 2007). Graduates from higher education need a deep understanding of 

concepts to generate new ideas, new theories, new products and new knowledge 

(Bereiter, 2002; Sawyer, 2006). 

Meaningful learning (also referred to as deep learning) has been described 

as the ability to critically analyze, research, and explain new knowledge, facts and 

ideas by connecting them with existing knowledge, concepts or principles and 

being aware of one's own development in the learning process (Ashburn & Floden, 

2006; Ausubel, 2000; Biggs & Tang, 2007; Chin & Brown, 2000; Entwistle, 2000; 

Ramsden, 2003; Sawyer, 2006). When students are engaged in knowledge 

construction processes, such as collaborative discourse and argumentation, this has 

a strengthening effect on meaningful learning (Chi, 2009; Mayer, 2002; Nussbaum, 

2008). Unfortunately, students in higher education often demonstrate a surface 

approach to learning (Biggs & Tang, 2007; Entwistle & Peterson, 2004; Ramsden, 

2003). Moreover, students rarely take the initiative in knowledge construction 

processes to foster meaningful learning (Chi et al., 1994; Chi & Ohlsson, 2005; King, 

1997, 2007). In general, they have to be initiated by a teacher in a face-to-face 

learning process with students. Given the scarcity of teacher resources, there is a 

need to develop instructional interventions that are effective in provoking 

meaningful learning and efficient in requiring a minimum of teacher guidance. 

We aim to foster meaningful science learning and retention through 

visualizing the conceptual structure of a knowledge domain and self-regulation of 
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the dialogue between the students. Our visual representation is a multimedia 

ESCoM map. 

A concept map is a graphic representation of concepts and their relation in 

a domain-specific knowledge area. It is a structured network in which concepts are 

represented as nodes, and the relationships between the concepts are represented 

by lines (Cañas & Novak, 2006; Dansereau, 2005; Novak & Cañas, 2008; O'Donnell 

et al., 2002). Concept maps can engage students in and improve their 

understanding of a specific knowledge domain (Novak, 2002, 2003; O'Donnell et al., 

2002). Furthermore, concept maps are frequently used as instructional tools 

(Jonassen et al., 1998; Tergan et al., 2006) that assist students in representing their 

knowledge in a structured way.  

Students are often asked to start with a "blank sheet" and begin to 

construct a concept map for some topic. The concept maps are then developed, 

extended, and refined as students develop other activities related to the concepts 

and increase their understanding (Novak, 1998, 2002, 2003; Novak & Cañas, 2008; 

Novak & Gowin, 1984; O'Donnell et al., 2002; Preszler, 2004). However, starting 

with a blank sheet may have its drawbacks, because asking students to draw a map 

from scratch may impose too high a cognitive demand to produce a meaningful 

representation of their knowledge (Schau et al., 2001). Moreover, students may 

have misconceptions or faulty ideas about a topic that would impede their learning 

if they were to begin with a "blank sheet" (Afamasaga-Fuata'i, 2009; Novak, 2002; 

van Boxtel et al., 2002). For difficult topics, as determined by the teacher’s 

experience, Novak and Cañas (2008) suggest using a "skeleton concept map" as an 

alternative to having students prepare a concept map from scratch. A skeleton 

concept map is a partial knowledge domain representation that contains only key 

concepts and some of the relations between them. The skeleton concept map 

offers students a foundation to elaborate on by using relevant resources and 

adding concepts and information resources to their concept map. In this study, we 
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provide students with a multimedia-enriched skeleton concept map (ESCoM). See 

part of the multimedia ESCoM, subdomain Proteins, in Figure 1, as an example. 

 

 
 

ESCoMs, in contrast to the skeleton concept map of Novak and Cañas 

(2008), are the visualization of the conceptual structure of a specific knowledge 

domain, without the visualization of the relations between the concepts. Each 

concept in the ESCoM Biomolecules contained (1) annotated factual multimedia-

rich content (pictures, text, animations or video clips) that elaborated on the 

concept, and (2) an attached worksheet to formulate the meaning of the concept. 

The ESCoMs are enriched with multimedia-rich content and a worksheet to provide 

scaffolds to improve students' knowledge construction. 
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However, to foster meaningful science learning and retention, we also 

have to stimulate a meaningful dialogue between the students while they work on 

the skeleton concept map. According to Chi (2009), Michael (2001), and Nussbaum 

(2008), collaborative discourse and collaborative argumentation are important to 

meaningful learning and retention, because they force students to externalize their 

knowledge, monitor each other's learning, and jointly negotiate the meaning. Some 

analyses of students' interactions during collaborative concept mapping have 

demonstrated meaningful discourse (Roth & Roychoudhury, 1993, 1994; van Boxtel 

et al., 2002). More often, students do not collaborate well if left unaided 

(Weinberger et al., 2007). Collaborative learning – be it face to face or mediated by 

a computer – needs to be supported by adequate scaffolds (Fischer, Kollar, Haake, 

et al., 2007). Collaboration scripts form an important example of these scaffolds.  

Collaboration scripts structure students' interaction and scaffold students' 

collaborative learning through the use of roles, activities, and sequencing of 
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activities (King, 2007). Collaboration scripts can stimulate and guide students in 

meaningful discussions and can structure the process of argumentative knowledge 

construction (Dillenbourg & Hong, 2008; Fischer, Kollar, Haake, et al., 2007; King, 

2007; Weinberger et al., 2007). Kobbe et al. (2007) present a generic framework for 

the specification of collaboration scripts using a small number of components 

(participants, activities, roles, resources and groups) and mechanisms (task 

distribution, group formation and sequencing). Dillenbourg and Hong (2008) 

distinguish "macro scripts" and "micro scripts." Macro scripts are pedagogical 

models: they describe group formation and the collaboration process using phases, 

roles and activities. Macro scripts model a sequence of activities to be performed 

by groups, for instance the jig-saw script (Aronson & Patnoe, 1997). Micro scripts 

are dialogue models that structure interaction and foster argumentation 

explanations and mutual regulation. A micro script may prompt a student to 

respond to the argument of a fellow student with a counter-argument (Weinberger 

et al., 2007). It is expected that students will organize their interaction without the 

use of collaboration scripts since the scripts will become internalized through 

practice (Dillenbourg & Hong, 2008; King, 2007). Fading of collaboration scripts can 

be considered for allowing students to take over control of their activities. There is, 

however, the danger that students might relapse into novice strategies after script 

prompts are faded (Wecker & Fischer, 2011). 

To date, empirical research has focused on traditional concept mapping 

(Novak & Cañas, 2008; Tergan et al., 2006; Torres & Marriott, 2010). This study 

aims at demonstrating the potential of self-regulated science learning through 

scripted collaborative multimedia ESCoM mapping. Our strategy is to guide and 

support students' argumentative interactions during collaborative concept 

mapping with collaboration scripts to foster students' meaningful science learning 

and retention. We use the skeleton concept map enriched with multimedia-rich 

content and an embedded micro collaboration script in the attached worksheet of 

each concept. The embedded collaboration scripts guide students' collaborative 
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discourse and argumentation. Furthermore, collaboration scripts encourage 

students to concentrate on the meaning of the concepts and their relations. 

This study addresses the following research question:  

Does self-regulated science learning, through scripting students' argumentative 

interactions during collaborative multimedia-enriched skeleton concept mapping, 

lead to meaningful understanding and retention of the conceptual structure of the 

domain, the concepts, and their relations? 

4.3  Method 

4.3 1 Participants 

All first-year students (N = 93, 31 women, 62 men, aged 17 – 33 years, 

M = 19.1, SD = 2.4) of the Bachelor of Applied Science program at Fontys University 

of Applied Sciences took part in this study. In all, 71% of the students had a prior 

senior general secondary education5 (the regular enrollment) with science 

orientation, 17% had a previous pre-university education,6 and 12% had other 

previous education. In addition, two teacher-experts in the domain of Biomolecules 

of the Bachelor of Applied Science program took part in this study. 

4.3 2 Design 

The experiment was conducted in a Biomolecules course over a four-week 

period. Both groups were invited to take part in the experiment and received 

information about the ESCoM – method. The students were randomly assigned to 

four classes. Two classes of 44 students made up the experimental group. The 

other two classes of 49 students were used as a control group. Students asked to 

participate in the experimental group were clearly given the choice of whether to 

take part in the experimental group or not, but no one withdrew. In addition, they 

5 In Dutch ''hoger algemeen voortgezet onderwijs" (havo) 
6 In Dutch "voorbereidend wetenschappelijk onderwijs" (vwo) 
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were treated the same as those in the control group, and there were no signs that 

any students believed that either one of the groups had more to gain than the 

other. Moreover, the manner in which the data was collected and stored ensured 

anonymity. Students were assigned number identifications, and names and 

addresses were omitted (Burgess, 1989; Israel & Hay, 2006). 

The control group received the regular course: one hour of lecture and 

three hours of tutorials per week. The lecture was structured as a linear sequence 

of slides the teacher used to explain the subject matter. The tutorials consisted of 

class discussions about questions from the course book Campbell Biology 

(Campbell et al., 2011). The experimental group was randomly divided into dyads 

of 22 peer groups. They spent the same amount of time on the material as the 

control group: two sessions of two hours per week. During the sessions, the 

students worked together on the multimedia ESCoM following the collaboration 

scripts. They had no teacher contact hours, and thus, neither lectures nor tutorials. 

Six weeks after the course, both groups took the same multiple choice test that 

normally occurred in their regular course examination. Finally, one month later, a 

surprise retention test was administered to both groups. 

4.3 3 Procedure 

In the week prior to the start of the course, all students in the 

experimental group received a two-hour training session in the concept mapping 

tool, Mindjet's MindManager Pro. The students in the experimental group used a 

laptop with the concept mapping software tool installed. They learned how to add 

annotations and data to the concepts, and how to create relations between the 

concepts. Additionally, they were trained to use the concept map in a shared 

workspace. 
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4.3 4 Instruments  

The domain concept map was used as a master map for constructing the 

multimedia ESCoM and as a criterion map to compare the concept maps 

constructed by the students. The domain concept map was created by two teacher-

experts in the domain of Biomolecules. The experts worked together to select 46 

key concepts and added 44 relations they considered essential for the students as 

the domain knowledge representation of Biomolecules. The concepts and their 

relations were grouped in the domain concept map to represent the four 

subdomains in order to support students' orientation and navigation. 

Carbohydrates, Lipids, Nucleic acids, and Proteins are the four subdomains of the 

domain Biomolecules (Campbell et al., 2011). The experts used the course book 

Campbell Biology (Campbell et al., 2011) to construct a frame of reference with 

tables of specifications that describe the intended content and cognitive levels for 

the students’ learning outcomes for each concept and relation in the ESCoM. We 

refer to this as the "frame of reference" as the criterion to which the teachers 

compare the concept maps constructed by the students. 
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In this study, we provided students with a multimedia ESCoM. As an 

example, see part of the multimedia ESCoM Biomolecules, subdomain Lipids, 

shown in Figure 3. The multimedia ESCoM provided to the students was derived 

from the domain concept map by deleting the relations. Each concept in the 

multimedia ESCoM contained (1) annotated factual multimedia information 

(pictures, text, animations or video clips) that elaborated on the concept, (2) an 

attached worksheet containing a "5-step collaboration script," and (3) a progress 

indicator. See the concept membrane in Figure 4 and Figure 5, as an example. Each 

new relation contains a "3-step collaboration script." Additionally, the experts filled 

in the annotated worksheets of three concepts and their two relations as a working 

example for the students. 
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The collaboration script guides students' argumentative interactions. 

Moreover, the script structurally supports students in critically analyzing, 

elaborating, and explaining the meaning of the concept to foster meaningful 

science learning and retention. In addition, progress indicators were used as an 

awareness and monitoring tool (Figure 5). 
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For each new relation the students added, they filled in an attached 

worksheet according to a "3-step collaboration script" (Figure 6). 

 
 

Students' appreciation of the multimedia ESCoM mapping products and 

processes were measured using a 28-item questionnaire on a 5-point Likert-type 

scale, which took about 15 minutes following the last peer group session. The 

questionnaire addressed four topics. The first topic referred to the adequacy of the 

domain representation in the multimedia ESCoM map, related to the information 

in their course book Campbell Biology (Campbell et al., 2011). The second topic 

referred to the effectiveness of the learning activities during the peer group 

sessions, and the third topic referred to student motivation. Finally, the fourth 

topic referred to the support offered by the embedded scripts in students' 

interaction. 
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Strautmane (2012) provides an overview of different scoring criteria for 

common concept mapping tasks, from complete freedom of structure and/or 

content to restricted structure and/or content. In this study, we chose to use a 

"similarity scoring method," since we deal with a restricted pre-structured 

(skeleton) concept map. The multimedia ESCoM Biomolecules can be scored using 

the similarity between the quality of the content of a given (student) concept map 

and a (expert) criterion map (Ruiz-Primo et al., 2001; Schau et al., 2001; Yin & 

Shavelson, 2008). Two experts assessed the quality of the annotated content on 

the students’ concept map worksheets. They used a rating scale ranging from 1 (no 

similarities) to 5 (a great deal of similarities). 

In addition, the experts rated the quality of the dialogue with respect to 

content annotated in each step in order to assess whether the micro scripts guided 

students to meaningful dialogue and argumentation. The experts used a rating 

scale consisting of 1 (no dialogue), 2 (moderate dialogue) to 3 (meaningful 

dialogue).  

Finally, six weeks after the course, the two groups took the same multiple 

choice test as part of their regular examination. Bloom's revised taxonomy of 

educational objectives was used for analyzing and classifying the test items 

(Anderson, Krathwohl, & Bloom, 2001; Bloom, 1956; Krathwohl, 2002). The revised 

taxonomy identified six kinds of test items that required progressively higher 

cognitive demands from the student. Level one, (1) remember, consisted of items 

that dealt with the recall of specific information. These are the most common type 

of multiple choice questions used, resulting in students focusing primarily on 

memorization of information (Cañas & Novak, 2012). Other levels of Bloom’s 

revised taxonomy are (2) understand, (3) apply, (4) analyze, (5) evaluate, and (6) 

create. Multiple-choice questions that require integration of related concepts, 

rather than simple recognition of the original definition, measure a more 

meaningful level of understanding (Preszler, 2004).  

 



58 Chapter 4 

The regular exam was composed of 15 multiple-choice questions that 

students answered during a 45-minute period. Analysis of the regular exam shows 

that most exam questions were at the lower term-recognition level, and a few 

were at higher levels: three questions required a higher ‘apply’ or ‘analyze’ level, 

five questions required an ‘understand’ level, and seven questions required a 

‘remember’ level. The regular exam especially the ‘remember’ and ‘understand’ 

levels in particular and has limited focus on questions that require a more 

cognitively complex level. 

In order to investigate meaningful understanding and retention, a 

retention test was constructed by the two experts. This retention test had the 

same multiple-choice format as the regular course exam but was composed of 

relatively greater number of items with the focus on high cognitive skills. This test 

took place a month after the regular exam. The test was composed of 15 questions, 

of which six questions required the higher cognitive levels: 'apply', 'analyze', and 

'evaluate.' There were also seven questions that required the level ‘understand’ 

and two questions that required the lower level ‘remember.’ The content validity is 

addressed by relating the retention test to the domain concept map and to the 

frame of reference that describes the intended content and cognitive levels for the 

students’ learning outcomes. 

Exam scores from the course Cell Biology (used as an introduction to 

Biomolecules) were used to statistically control for differences in students' prior 

knowledge. 

4.4  Results 

All first-year students (N=93) of the Bachelor of Applied Science program 

took part in this study. In total, 14 students in the experiment withdrew from the 

Bachelor of Applied Science program after the first semester, which partially 

accounts for the discrepancy between the participation rate and the test rate. 

Moreover, as the retention test was administered unexpectedly, not all students 
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who participated were available for the retention test. In all, 32 students from the 

experimental group and 37 students from the control group took both the regular 

Biomolecules exam and the retention test. The overall means and the standard 

deviations are shown in Table I.  

 

 
 

The reliability of the Biomolecules multiple choice tests is modest, with α = 

.64 for the Biomolecules exam, and α = .57 for the retention test. The reliability 

measures reported are sufficient for this study in educational testing with a rather 

small size of 15 multiple choice questions. 

The differences between the groups of scores on the Biomolecules exam 

six weeks after the course and on the retention test 11 weeks after the course 

were measured. The individual students and the peer groups represent a 

hierarchical system, with individuals and peer groups at separate levels (Hox & 

Roberts, 2011). In this respect, multilevel modeling is useful. However, multilevel 

modeling is useful only when the intra-class correlation (ICC) is greater than 10% of 

the total variance in the outcome (Heck & Thomas, 2009; Hox & Roberts, 2011). If 

the ICC is quite small, then the single level analytic method is appropriate (Heck & 

Thomas, 2009). The measured ICC is 0.15% of the total variability in the 

Biomolecules exam scores, and 1.66% in the retention test, which demonstrates 

independence (Gwet, 2012; Heck, Thomas, & Tabata, 2010). Multivariate analyses 

of covariance demonstrated a significant experimental effect on the Biomolecules 
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exam scores and on the retention test scores (MANCOVA, using Pillai's trace, V = 

.16, F(2,65) = 6.177, p = .004). 

The domain concept map, which contained 43 concepts and 44 relations, 

was used as a criterion map to assess the concept maps constructed by the peer 

groups. The content quality of the 43 concepts which the peer groups added to 

their concept map was rated independently by the two experts. They used a 5-

point rating scale ranging from 1 (no similarities) to 5 (a great deal of similarities). 

The inter-rater reliability between the experts was rather strong (rs = .78, p = .000). 

The quality of content of the 44 relations was also rated independently, with a 

rather strong inter-rater reliability (rs = .81, p = .000). 

The overall means and the standard deviations for scores on quality of the 

contents and quality of the dialogues of the 19 peer groups' concept maps are 

shown in Table II. 

 

 
 

The quality of the dialogues of the 43 concepts that the peer groups added 

to their concept map was rated independently by the two experts. They used a 3-

point rating scale ranging from 1 (no dialogue) to 3 (meaningful dialogue). The 

inter-rater reliability between the experts was moderate (rs = .70, p = .000). The 

quality of dialogues of the 44 relations was also rated independently, with a 

moderate inter-rater reliability (rs = .68, p = .000). 

The correlation between all of the 87 quality of contents and quality of 

dialogue scores were moderate (r = .62, p = .000). 
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As students worked together on the ESCoM, no individual student 

assessment of the concept map could be obtained. The two experts had the 

impression that the students with the higher Biomolecules exam scores 

contributed most to the quality of the content of the scripts. Hence, the students 

with the highest and lowest Biomolecules exam scores in the peer groups were 

analyzed with multilevel modeling (Heck et al., 2010; Landau & Everitt, 2004). 

The Wald test (Wald z = .505; p = .613; N = 37) demonstrates that the 

variance of the random slope effect between higher and lower scoring students in 

the Biomolecules exam was not significantly different from zero. This shows that 

lower and higher scoring students did not benefit differently from their learning 

activities on the concept maps. Hence, the students with the highest scores in the 

peer group were used in the calculations of the following correlations. The 

Biomolecules exam scores from these students were moderately correlated to the 

quality of all the content scores of the peer group concept maps (r = .54, N = 19). 

4.5  Conclusion and discussion 

The objective of this study was to examine the effects of self-regulated 

science learning, through scripting students' argumentative interactions during 

collaborative multimedia ESCoM mapping, on meaningful science learning and 

retention. The following conclusions can be drawn. 

The two teacher experts systematically selected 46 key concepts and 44 

relations to compose the multimedia ESCoM Biomolecules. The content validity of 

the ESCoM was based on knowledge of the Biomolecules domain concept map and 

the frame of reference. 

Scripted collaborative multimedia ESCoM mapping resulted in statistically 

significant, meaningful understanding and retention of the conceptual structure of 

the domain and the concepts and their relations, as evidenced by the retention test 

scores.  
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Scripted collaborative multimedia ESCoM mapping was more effective 

than the traditional teaching approach. Moreover, the ESCoM method was more 

efficient in requiring far less teacher guidance. The control group received the 

regular course: one hour of lecture and three hours of tutorials per week. However, 

the experimental group had no teacher contact hours, and thus, neither lectures 

nor tutorials. They only received a two-hour training session in the concept 

mapping tool. 

Students' concept maps appeared to be scored in a reliable and valid way, 

even in cases where complex judgments, such as quality of content and quality of 

the dialogue, were required. This is illustrated by the rather high levels of inter-

rater reliability. In addition, considerable evidence was provided for the predictive 

validity of the students' concept maps, as illustrated by the rather strong 

correlation between the Biomolecules exam scores and quality of the concept 

maps’ content scores. 

Students were able to handle and appreciate the multimedia ESCoM 

mapping products and processes. In addition, they appreciated the progress 

indicator, which served as an awareness and monitoring tool, as shown by the 

results of the evaluation questionnaire. Apparently, they were able to effectively 

control their progress in the scripts and the overall progress in the concept map. 

While the results of this study show positive effects of the multimedia 

ESCoM mapping method, there are some caveats to consider. 

First, in contrast to the research literature, our approach did not isolate 

the separate elements of instructional interventions to support meaningful 

learning: collaboration scripts versus skeleton concept maps. Besides, we followed 

an ecological approach (Fraenkel & Wallen, 2008; Norman, 2002) of the multimedia 

ESCoM mapping method. Moreover, for example, a factorial design approach, with-

versus-without the skeleton concept maps is not realistic to implement in 

educational practice. 
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Second, the students were randomly assigned to an experimental group 

and a control group before the experiment started; they knew in advance that they 

were participating in the experiment. New experiments are potentially susceptible 

to Hawthorne effects. Students in educational practice already make use of 

concept maps and multimedia-rich content, however. In addition, students make 

use of programmed instruction, such as, reading text from screens and filling in 

empty slots - so, as they are used to work with the separate components in the 

experiment, the main novelty is the combination. 

Third, scoring all concepts and relations in this study took considerable 

time. However, in educational practice, it may not be necessary to score all the 

concepts and relations. Ruiz-Primo (2000) suggested that concept maps can be 

reliably scored from one random sample of concepts. Further research is needed to 

develop a procedure to score the concepts and relations more time efficiently. 

Fourth, the quality of students' argumentative dialogue with respect to the 

annotated content was rated on a 3-point rating scale ranging from 1 (no dialogue) 

to 3 (meaningful dialogue). Further research should concentrate on text analysis 

mechanisms to assess the quality of the argumentative dialogue (De Wever, Van 

Keer, Schellens, & Valcke, 2007; Karakostas & Demetriadis, 2011).  

Fifth, each concept and relation contains an attached script. However, the 

question arises of whether scripts can be faded without the danger that students 

might relapse into novice strategies after fading (Wecker & Fischer, 2011). This 

would be an interesting question for further research. 

Finally, this study demonstrated the potential of scripted collaborative 

concept mapping, an effective self-regulated science learning method through 

multimedia ESCoM maps in educational practice. Concept maps have been used 

successfully to make the structure of knowledge explicit to students in many 

disciplines, particularly in science (Edmondson, 2005), and their use is not 

restricted to the Biomolecules course of the Bachelor of Applied Science program 

on which this study’s participants were enrolled. 
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The Use of Mini Skeleton Concept Maps 
as an Instrument for 

Assessing Understanding 
 

 

 
 

7  Submitted for publication as: Marée, T. J., van Bruggen, J. M., & Jochems, W. M. 
G. (2013). The Use of Mini Skeleton Concept Maps as an Instrument for Assessing 
Understanding. 
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5.1  Abstract 

Previous research (Marée, van Bruggen, & Jochems, 2013) demonstrated 

that ‘scripted collaborative concept mapping’ resulted in meaningful understanding 

and retention of the conceptual structure of the domain, the concepts, and their 

relations. Students worked together on enriched skeleton concept maps (ESCoM), 

and consequently, no individual student assessment of the concept map could be 

obtained. This article reports a study in which we evaluate whether a ‘mini skeleton 

concept map’ derived from the ESCoM could be used as an assessment instrument 

for measuring student's individual understanding. The study was performed in a 

Biomolecules course of the Bachelor of Applied Science program. Fifty-two 

students worked together in dyads on an ESCoM guided by embedded 

collaboration scripts in which they took turns in initiating and critical discussion of 

descriptions and elaborations of concepts and relations. The test with the mini 

skeleton concept map as an assessment instrument (MiSCoM test) was 

administered six weeks after the course as part of their regular examination, and a 

retention test followed one month later. 

Results indicate that the MiSCoM test provided possibilities for a reliable 

and valid instrument for assessing meaningful understanding. Since the ESCoM 

method in this study was assumed to foster meaningful learning and retention in a 

Biomolecules course of the Bachelor of Applied Science program, the MiSCoM test 

appears an appropriately aligned assessment tool with the ESCoM method and 

targeted meaningful understanding. 

 

Keywords: assessment, skeleton concept map, collaboration script, 

meaningful understanding, biology. 
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5.2  Introduction 

Over the last two decades, there has been significant interest among 

educational researchers in the instructional use of concept maps and collaboration 

scripts (Dansereau, 2005; Fischer, Kollar, Mandl, et al., 2007; Nesbit & Adesope, 

2006; Novak & Cañas, 2008; O'Donnell et al., 2002; Torres & Marriott, 2010). Some 

studies focus on students' collaboration on concept mapping tasks; others focus on 

scripts to structure learning tasks and guide interactions. In Marée et al. (2013), we 

merged the two approaches in ‘scripted collaborative concept mapping’ where 

students work together in dyads on an ‘enriched skeleton concept map’ under the 

guidance of collaboration scripts. Our enriched skeleton concept maps (ESCoMs) 

are the visualisation of the conceptual structure of a specific knowledge domain, 

without the visualisation of the relationships between the key concepts (Marée et 

al., 2013). Moreover, each concept in the ESCoM contains (1) annotated factual 

multimedia information (pictures, text, animations or video clips) that elaborate 

the concept, and (2) an attached worksheet with collaboration scripts to guide and 

support students' argumentative interactions during collaborative concept 

mapping. The students worked together in dyads on the ESCoM. Two experts 

measured the quality of the annotated content of students’ ESCoM. The ESCoMs 

could be scored reliable, as illustrated by the high levels of inter-rater reliability. 

However, no measurement of students’ individual understanding of the knowledge 

domain could be obtained. We also compared students in experimental groups that 

engaged in scripted collaborative concept mapping to students who took the 

regular course. The students in the experimental groups outperformed the other 

groups on the regular course exam, and in particular, on a retention test 

administered one month later. This retention test was composed of relatively more 

multiple-choice items with more focus on high cognitive skills (Anderson et al., 

2001) than the regular course exam in order to investigate meaningful 

understanding. 
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However, there is a weak alignment between the ESCoM activities, for 

example, critically analysing, elaborating, and explaining the meaning of the 

concept to foster meaningful understanding, and the multiple choice tests to 

measure students' meaningful understanding. The alignment between the 

assessment strategy and the learning activities of a particular course has a major 

impact on student activity (Gibbs, 2006; Kneale, 1997; Snyder, 1971). Cohen (1987) 

called the alignment between the assessment and the intended learning outcome 

the ‘magic bullet’ in increasing student performance. 

Our challenge is to align the assessment with the ESCoM activities and the 

targeted meaningful understanding. Therefore, the aim of the current study is to 

evaluate whether a (mini) skeleton concept map derived from the ESCoM can be 

used as a reliable and valid instrument for assessing students' individual 

understanding. 

‘Concept maps are used extensively as an assessment tool, and the 

literature is abundant with studies on the use of concept maps for assessment and 

on the assessment of concept maps themselves’ (Cañas & Novak, 2012, p. 247). 

Ruiz-Primo (2004), for example, characterised concept map assessments in terms 

of a task that invites a student to provide evidence bearing on the student's 

knowledge structure in a domain, a format for the student's response and a scoring 

system by which the student's concept map can be accurately and consistently 

evaluated.  

For an extensive overview of different scoring criteria for common concept 

mapping tasks, from complete freedom of structure and/or content to restricted 

structure and/or content, see Strautmane (2012). In our study, we choose to use a 

qualitative ‘similarity scoring method,’ since we deal with the restricted structure 

and content of the ESCoM. The ESCoM can be compared with a pre-structured 

concept map and can be scored by using the similarity between the quality of the 

content of a given (student) concept map and a (expert) criterion map (Albert & 

Steiner, 2005; Ruiz-Primo et al., 2001; Schau et al., 2001; Yin & Shavelson, 2008).  

 



70 Chapter 5 

To measure students' individual understanding of the knowledge domain, 

it requires an individually prepared student concept map. Therefore, we want to 

evaluate an individual concept mapping assessment instrument derived from the 

ESCOM to measure students' individual understanding. Ruiz-Primo (2000) argued 

that a random sample of key concepts could provide critical information about 

student’s understanding of a knowledge domain when the key concepts in the 

knowledge domain are carefully specified. 

In this study we will start by following the main line of Ruiz-Primo (2000). 

However, there is an important distinction between a concept map (created from 

scratch) and the ESCoM. Concept maps can vary greatly from one to another, 

whereas ESCoMs do not. The final selection of the 46 concepts in the ESCoM 

Biomolecules are pre-structured and grouped to represent the four subdomains in 

order to support students' orientation and navigation. Carbohydrates, Lipids, 

Nucleic Acids and Proteins are the four subdomains of the domain Biomolecules 

(Campbell et al., 2011). Moreover, the experts used the course book Campbell 

Biology (Campbell et al., 2011) to construct a frame of reference, with tables of 

specifications that describe the intended content and cognitive levels for the 

students’ learning outcomes of each concept and relation in the ESCoM (Marée et 

al., 2013). The 46 concepts in the ESCoM were based on the frame of reference and 

the domain concept map of Biomolecules. The domain concept map was created 

by two teacher-experts. They selected 46 concepts and added 44 relations. 

To measure students' individual understanding of the conceptual structure 

of the domain and the concepts and their relations, a MiSCoM test was constructed 

by the two teacher experts. They worked together from the domain concept map 

of Biomolecules to compose a mini skeleton concept map - Biomolecules as an 

assessment instrument to evaluate a reliable and valid alternative to the traditional 

course exam (see Figure 1). 
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To construct the mini skeleton concept map of Biomolecules, the two 

experts took a selection of two concepts from each of the four subdomains to 

activate the appropriate prior knowledge (Kinchin, De-Leij, & Hay, 2005). This 

selection was based on knowledge of the domain concept map of Biomolecules, 

and the frame of reference they considered necessary to represent these 

subdomains in an assessment. In addition, they selected seven possible relations 

between the eight key concepts for assessing the interrelation between the 

concepts. In this way, the selection is a representative sample of concepts and 

relations, and result in a combination of interrelated concepts that can be 

represented in a ‘mini skeleton concept map’ of the four subdomains of the 

domain Biomolecules. This mini skeleton concept map will be used as an 

assessment instrument in the MiSCoM test. 

For the MiSCoM test students were asked to (1) describe the meaning of 

the eight concepts, (2) create three relationships between the concepts, and (3) 

describe the meaning of the relations. There is an analogy with the ESCoM 
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activities, for example, critically analysing, elaborating, and explaining the meaning 

of the concept to foster meaningful understanding and retention. However, there 

is an important distinction between the MiSCoM test and the ESCoM activities: the 

students took the test individually and were not guided by collaboration scripts. 

Our hypothesis is that an individual MiSCoM test can be used as an 

instrument to assess students’ understanding of the conceptual structure of the 

domain, the individual concepts and their relation with sufficient reliability and 

validity. In addition, the question was raised by the examining board of the 

Bachelor of Applied Science whether the MiSCoM test could replace the regular 

exam. Therefore, our approach is to evaluate four facets characterising the 

reliability and validity of a concept map assessment instrument (Ruiz-Primo, 2004): 

(1) the content validity, (2) the predictive validity, (3) the inter-rater reliability, and 

(4) the internal consistency of the scores. The content validity is addressed by 

relating the MiSCoM test and retention test to the domain concept map and the 

frame of reference that describes the intended content and cognitive levels for the 

students’ learning outcomes that was used in our previous study (Marée et al., 

2013). The predictive validity of the MiSCoM test will be measured in terms of the 

correlation between the MiSCoM test scores and the retention test scores. The 

same retention test that was used in our previous research will be used here, 

relating to the same domain concept map and the frame of reference. The 

retention test was composed of ten multiple-choice items, split up into five items 

with a focus on lower cognitive skills: 'understand' and 'remember', and five items 

with focus on higher cognitive skills: 'apply', 'analyse' and 'evaluate'. The five items 

with the focus on higher cognitive skills especially intend to measure the 

meaningful understanding of the domain. The tables of specifications and the 

revised taxonomy of educational objectives were used for analysing and classifying 

the test items (Anderson et al., 2001; Krathwohl, 2002). The inter-rater reliability is 

used as an index of rater agreement in scoring the quality of the description of the 

meaning the students added and will be measured in terms of independent ratings 
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by the two experts. Finally, the internal consistency reliabilities (Cronbach’s α) of 

the MiSCoM test scores will be measured. 

5.3  Method 

5.3 1 Participants 

First-year students (N = 48, 18 women, 30 men, aged 17 – 25 years, 

M = 18.9, SD = 1.9) of the Bachelor of Applied Science program at Fontys University 

of Applied Sciences took part in this study. Ninety per cent of the students had a 

prior senior general secondary education8 (the regular enrolment) with science 

orientation, and 10% had other previous education. In addition, two teacher-

experts in the domain of Biomolecules of the Bachelor of Applied Science program 

took part in this study. 

5.3 2 Design 

The experiment was conducted in a Biomolecules course over a four-week 

period. Students were asked to participate in the experiment, and received the 

information about the ESCoM – method. They were clearly given the choice of 

whether to take part in the study group or not, but no one withdrew. Moreover, 

the manner in which the data was collected and stored ensured anonymity. 

Students were assigned number identifications, and names and addresses were 

omitted (Burgess, 1989; Israel & Hay, 2006). The study group of 48 students was 

randomly divided into 24 pairs. They had two peer group sessions of two hours per 

week. During the sessions, the students worked together on the enriched skeleton 

concept map (ESCoM) following the collaboration scripts  (Marée et al., 2013). In 

the week prior to the start of the course, all students in the study group received a 

two-hour training session in the concept mapping tool, Mindjet's MindManager 

8 In Dutch ‘hoger algemeen voortgezet onderwijs’ (havo) 
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Pro. The students in the study group used a laptop with the concept mapping 

software tool installed. They learned how to add annotations and data to the 

concepts, and how to create relations between the concepts. Additionally, they 

were trained to use the concept map in a shared workspace. 

Six weeks after the course, the study group of 48 students took an 

individual MiSCoM test as replacement of their regular course examination, 

specially constructed by two teacher experts. Finally, one month later, a surprise 

retention test was administered to the study group. They took the same retention 

test as the test in our previous research (Marée et al., 2013). 

5.3 3 Instruments  

In this study, we provided students with an enriched skeleton concept 

map (ESCoM) Biomolecules (see a description of the ESCoM Biomolecules in text 

box Figure 2). To measure students' individual understanding of the conceptual 

structure of the domain and the concepts and their relations, a MiSCoM test was 

constructed by the two experts.  

The students' MiSCoM test was scored by rating the similarity between 

students' description of the meaning and the experts' criteria descriptions. The 

tables of specifications and the domain concept map were used for the experts' 

criteria descriptions. 

The quality of the description of the meaning was rated independently by 

the same trained experts in our previous research. They used the same rating scale 

ranging from 1 (no similarities) to 5 (a great deal of similarities). 

Finally, we would have examined the content validity of the MiSCoM test 

by comparing the scores on the MiSCoM test and the regular exam, however, the 

examining board of the Bachelor of Applied Science gave permission for the study 

after the decision had been made to replace the regular exam with the MiSCoM 

test. Therefore, unfortunately, we had no regular exam with which to examine the 

content validity of the MiSCoM test, and instead measured the predictive validity 
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of the scores on MiSCoM test. The predictive validity of the MiSCoM test was 

measured in terms of the correlation between the MiSCoM test scores for 

declarative knowledge and the retention test scores. The retention test took place 

a month after the MiSCoM test. 
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5.4  Results 

The reliability of the MiSCoM test was measured in terms of inter-rater 

reliability and internal consistency. The quality of the description of the meaning of 

the eight concepts and the three relations the students added was rated 

independently by the two experts. The inter-rater reliability between the experts 

was strong (κw = .86). This high level of inter-rater reliability indicates that the 

MiSCoM test can be scored reliable. 

The reliability of the MiSCoM test scores of the quality of the description 

of the meaning of the eight concepts and the three relations that the students 

added was rather strong (Cronbach’s α = .75). This result also indicates that the 

MiSCoM test is a reliable assessment instrument. 

The predictive validity of the MiSCoM test scores in terms of the 

correlation between the MiSCoM test scores and retention test scores was rather 

strong (r = .60).  

The reliability of the retention test is modest (α = .54) and comparable to 

results obtained by the similar retention test in our previous research (α = .57).  

The study group of 48 students of the Bachelor of Applied Science 

program took part in this study. Six students of the study group withdrew the 

Bachelor of Applied Science program before the end of the first semester, and two 

students after the first semester. Moreover, as the retention test was administered 

unexpectedly, not all students who participated were available for the retention 

test. In all, 40 students took the MiSCoM test, and 35 students took the retention 

test. The overall means and the standard deviations for (1) MiSCoM test scores and 

for (2) the retention test scores are shown in Table 1. 
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The means reported are modest, but that should not come as a surprise 

because we might expect a slight decrease in performance occurring in the 

retention test one month after the MiSCoM test. 

 

5.5  Conclusion and discussion 

The hypothesis that an individual MiSCoM test can be used as an 

instrument to assess students’ understanding of the conceptual structure of the 

domain and the individual concepts and their relation with considerable reliability 

and validity was supported by this study. 

The following conclusions can be drawn.  

The MiSCoM test is a reliable assessment instrument, as shown by the 

inter-rater reliability and the internal consistency reliabilities (Cronbach’s α) of the 

scores. 

The content validity is addressed by relating the MiSCoM test to the 

domain concept map and to the frame of reference that describes the intended 

content and cognitive levels for the students’ learning outcomes. The same frame 

of reference was used in designing the ESCoM and the retention test that was used 

in our previous research  (Marée et al., 2013). The two teacher experts took a 

selection of two concepts from each of the four subdomains, and seven possible 

relations between the eight key concepts. In this way, the selection is a 

representative sample of concepts and relations.  

The rather strong correlations between MiSCoM test scores and the 

retention test scores is not surprising since both reflect the same domain concept 

map and the same frame of reference, and it provides considerable evidence for 

the content validity of the MiSCoM test.  

Even though the results of this study show positive effects of the MiSCoM 

test, there are some caveats to consider. First, the study group of 48 students was 
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randomly divided into 24 pairs before the experiment started; they knew in 

advance that they participated in the experiment. New experiments are potentially 

susceptible to Hawthorne effects; however, students in educational practice 

already make use of concept maps and multimedia-rich content. In addition, 

students also make use of programmed instruction, for example, reading text from 

screens and filling in empty slots. So, as they are used to work with the separate 

components in the experiment, the main novelty is the combination. Second, the 

examining board of the Bachelor of Applied Science gave permission for the study 

after the decision had been made to replace the regular exam by the test with the 

MiSCoM test. Therefore, unfortunately, we had no regular exam with which to 

examine the content validity of the MiSCoM test, and instead measured the 

predictive validity of the scores on MiSCoM test. 

Finally, the results indicate also that the MiSCoM test provide possibilities 

for a reliable and valid instrument for assessing meaningful understanding. Since 

the ESCoM method in this study was assumed to foster meaningful learning and 

retention in a Biomolecules course of the Bachelor of Applied Science program, the 

MiSCoM test appears an appropriately aligned assessment with the ESCoM method 

and targeted meaningful understanding. 
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6.1 Introduction 

The objective of the research project reported in this dissertation is to 

research and develop a method to foster meaningful learning in higher education 

without teacher guidance. To identify potential triggers that foster meaningful 

learning in higher education, the research project began with a literature study of 

factors that encourage the adoption of promising approaches to meaningful 

learning (see Chapter 2). Sawyer (2006) summarizes a set of six defining 

characteristics of approaches to meaningful learning (see Table 1). 

 

Table 1. Defining characteristics of approaches to meaningful learning according to 
Sawyer (2006) 
 

1. Relating new ideas and concepts to previous knowledge and experience. 

2. Integrating one's knowledge into interrelated conceptual systems. 

3. Looking for meaning, patterns and underlying principles. 

4. Evaluating new ideas and relating them to conclusions. 

5. Understanding the process of dialogue, through which knowledge is 

created, and distinguishing between argument and evidence. 

6. Reflecting on one's own understanding and process of learning. 

 
 

These characteristics refer to aspects of learning activities and student-

centered learning environments that support meaningful learning (Fraser, 2012; 

Struyven et al., 2006; Wilson & Fowler, 2005). 

Based on the literature, we expect that external representations of the 

subject matter domain can be useful with respect to the first three characteristics, 

and we also expect that regulated collaboration between students can be useful 

with respect to the last three characteristics. The literature review provides 

empirical evidence for the effectiveness of concept maps as structured external 
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representations of the domain and to support understanding of the domain 

(Novak, 2002, 2003; O'Donnell et al., 2002). 

Also, the literature review provides empirical evidence for the 

effectiveness of collaboration scripts that regulate collaborative discourse and 

argumentation to support meaningful learning (Chi, 2009; Mayer, 2002; Michael, 

2001; Nussbaum, 2008). Moreover, we follow the suggestion of Novak and Cañas 

(2008) to use a skeleton concept map for difficult topics as an alternative to having 

students prepare a concept map from scratch (see Chapter 2). 

Chapter 3 describes a pilot study to develop instructional interventions 

consisting of the skeleton concept map to represent the domain and improve 

understanding of the domain, as well as scripts that regulate collaborative 

discourse and argumentation while developing the map, in order to support 

meaningful learning. In addition, we evaluate the adequacy of the instruments as 

described in Chapter 3, as summarized in the next section.  

By combining the skeleton concept map with integrated collaboration 

scripts, we expect to arrive at a maximum effect in supporting meaningful learning. 

This combination is not only a challenge for instructional design, it also remains to 

be seen whether the combination indeed is as effective and efficient in educational 

practice as literature suggests.  

We then conduct two sequential experimental studies (see Chapter 4 and 

Chapter 5). Chapter 4 focuses on the question whether self-regulated science 

learning, through scripting students' argumentative interactions during 

collaborative multimedia-enriched skeleton concept mapping, leads to meaningful 

understanding and retention of the conceptual structure of the domain, the 

concepts, and their relations. The second experimental study (Chapter 5) addresses 

the hypothesis that an individual mini skeleton concept map test can be used as an 

instrument to assess students’ understanding of the conceptual structure of the 

domain and the individual concepts and their relations with sufficient reliability and 

validity. 
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In this final chapter, the instruments used in our studies and the main 

findings and conclusions of each study will be summarized. We will reflect on the 

results, provide some methodological considerations and recommendations of the 

studies, and give suggestions for further research. The final section of this 

dissertation provides some recommendations for educational practice. 

6.2 Instruments 

In this section, the instruments of each study will be summarized.  

 

Frame of reference 

A common frame of reference was constructed to build the domain 

concept map and the skeleton concept map. This consisted of tables of 

specifications describing the intended content and cognitive levels for students' 

learning outcomes for each concept and their relations in the skeleton concept 

map. The cognitive levels were classified according to Blooms educational 

objectives (Anderson et al., 2001; Krathwohl, 2002). Two teacher experts 

constructed the frame of reference and used the course book, Campbell Biology 

(Campbell et al., 2011), as reference. 

 

Multimedia enriched skeleton concept map 

Each key concept in the constructed multimedia enriched skeleton 

concept map (ESCoM) contained (1) annotated factual multimedia content 

(pictures, text, animations or video clips) that elaborate the concept, (2) an 

attached worksheet containing the 5-step collaboration script, and (3) the progress 

indicator (see Figure 1), showing students’ progress in the script for that specific 

concept. 
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Two teacher experts used the frame of reference to build the ESCoM. They 

used the instructor resources provided by the online course book to create the 

annotated factual multimedia content. 

 

Micro collaboration scripts 

Micro collaboration scripts were used to regulate the students’ dialogue 

about the meaning of concepts and relations in their concept map. Following 

Dillenbourg and Jermann (2007), we designed the 5-step and 3-step micro 

collaboration scripts that were associated to each concept and interrelation. For 

each concept and new interrelation the students added, they filled in an attached 

worksheet pursuant to the micro collaboration scripts (see Figure 2). 
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Metacognitive tool: Progress indicator 

An awareness and monitoring tool was developed as an add-in tool to the 

concept mapping software, Mindjet's MindManager. The tool visualized the 

students’ progress through the steps of the collaboration scripts associated with 

the concepts and the relations in the concept map (see Figure 3). 

 

 
 

Rating scales 

Two Likert-type rating scales were constructed: a 5-point content 

similarity rating scale to rate the quality of the annotated content and a 3-point 

dialogue rating scale to rate the quality of the dialogue with respect to the 

annotated content. The instruction for and the communication between the raters 

was enabled by the common frame of reference that supported the association 

measures among the raters with respect to the ranking of the subjects. 

 
Evaluation questionnaire 

Students' appreciation of the ESCoM products and processes were 

measured using a 30-item questionnaire on a 5-point Likert-type scale addressing 

four topics. The first topic referred to the adequacy of the domain representation 

in the ESCoM, related to the information in their textbook. The second topic 

referred to the effectiveness of the learning activities during the peer group 
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sessions, and the third topic assessed students' motivation. Finally, the fourth topic 

rated the support offered by the embedded scripts in students' interaction. 

 
Regular exam 

A regular exam was administered in order to investigate understanding. 

The regular exam was composed of 15 multiple-choice questions. Bloom's revised 

taxonomy of educational objectives was used to analyze and classify the test items 

(Anderson et al., 2001; Bloom, 1956; Krathwohl, 2002). The regular exam was 

found to especially test the remember and understand levels and to contain a 

smaller number of questions involving more complex levels (see Chapter 4). 

 

Retention test 

A retention test was constructed to investigate meaningful understanding 

and retention. This retention test contained more multiple-choice items that 

focused on high cognitive skills than the regular exam (see Chapter 4). 

 
Mini skeleton concept map test 

A mini skeleton concept map test was constructed to investigate students' 

individual meaningful understanding. A representative sample of concepts and 

relations derived from the ESCoM was used to construct the mini skeleton concept 

map (see Chapter 5). 

6.3 Main findings and conclusions 

In the following sections, the most important findings and conclusions for 

each of the three studies, the pilot study and the two experimental studies, with 

their specific research questions and hypotheses are summarized. The participants 

of the studies were first-year students and teacher experts in the Biomolecules 

course of the Bachelor of the Applied Science program at Fontys University of 

Applied Sciences. 
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6.3.1 Pilot study 

In the pilot study (see Chapter 3), we tested the adequacy of the 

developed instruments: (1) frame of reference, (2) micro collaboration scripts, (3) 

progress indicator, (3) rating scales, and (4) multimedia enriched skeleton concept 

map (ESCoM). The main findings and conclusions of this pilot study are summarized 

as follows. 

 
Frame of reference 

Content validity was established by relating the ESCoM, the rating scales, 

and the retention test to the common frame of reference. The communication 

between the raters was enabled by the common frame of reference. The frame of 

reference appeared to be adequate, as demonstrated by a strong inter-rater 

reliability. 

 
Rating scales 

A five-point rating scale was used to measure content similarity between 

students' concept map and the frame of reference. A three-point rating scale was 

used to measure the dialogue. Students' concept maps appeared to be scored 

reliable and validly, even in the case where complex judgments, such as quality of 

content and quality of the dialogue, are required. This was illustrated by the rather 

high levels of inter-rater reliability. In addition, the rather strong correlation 

between exam scores and quality of the content scores of the concept maps 

provides evidence for the predictive validity of the students' concept maps. 

 

Micro collaboration scripts 

From the scores on the content and dialogue quality, we concluded that 

the embedded 5-step and 3-step micro collaboration scripts indeed guide and 

regulate the collaborative learning process. The students were able to handle the 
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scripts in their interactions. They also appreciated the support offered through the 

scripts. 

 
Metacognitive tool: Progress indicator 

Students appreciated the progress indicator, which served as an 

awareness and monitoring tool. The worksheets demonstrated that they were able 

to monitor their progress in the scripts and the overall progress in the concept 

map. 

 
Multimedia enriched skeleton concept map 

The multimedia ESCoM scaffolds students by providing an initial view of 

the knowledge domain, which students can refine by adding new interrelations and 

multimedia information resources as a tool to achieve deeper learning. Students 

report that they were able to handle the multimedia ESCoM mapping products and 

processes and valued them in the learning process. Moreover, the students were 

engaged in working with the multimedia ESCoM, which strengthened students' 

understanding of the knowledge domain (Chi, 2009; Mayer, 2002; Nussbaum, 

2008). 

The outcome of the pilot study (see Chapter 3) hinted at the potential of 

the ESCoM, enriched with multimedia content and embedded micro collaboration 

scripts, as a tool to achieve deeper learning.  

 
Evaluation questionnaire 

Results on the evaluation questionnaire indicated an appreciation of the 

ESCoM products and processes, particularly with respect to (1) the adequacy of the 

domain representation in the ESCoM, (2) the effectiveness of the learning activities 

during the peer group sessions, (3) student motivation, and (4) the support of the 

embedded scripts in their interactions. 
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6.3.2 First experimental study 

The first experimental study (see Chapter 4) focuses on the question 

whether scripting students' argumentative interactions during skeleton concept 

mapping, leads to meaningful understanding and retention of the conceptual 

structure of the domain, the concepts, and their relations. First-year students were 

randomly assigned to an experimental group and a control group. Students in the 

experimental group worked together in dyads on an ESCoM, guided by embedded 

collaboration scripts. The control group received the regular course with lectures 

and tutorials. Pursuant to the study and evaluative process, the following 

conclusions can be drawn. 

Scripted collaborative multimedia ESCoM mapping resulted in meaningful 

understanding of the conceptual structure of the domain and the concepts and 

their relations, as evidenced by the retention test scores. The retention test taken 

by surprise one month after the regular course exam showed that the experimental 

group significantly outperformed the control group. Scripted collaborative 

multimedia ESCoM mapping was more effective than the traditional teaching 

approach. In addition it was also more efficient because it required less teacher 

guidance. While the control group received a regular teacher-led course of four 

hours per week the experimental group had no teacher contact hours and only 

received a two-hour training session in working with the concept mapping tool. 

Even though the results of this study showed positive effects of the 

multimedia ESCoM mapping method, there are some caveats to consider. Scoring 

all concepts and relations in this study took considerable time. Further research is 

needed in order to develop a procedure to score the concepts and relations more 

time efficiently in educational practice. Moreover, students worked together on 

the ESCoM, and consequently, no individual student assessment of the concept 

map could be obtained. These caveats are the topic of the second experimental 

study. 
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6.3.3 Second experimental study 

The second experimental study (see Chapter 5) addresses the hypothesis 

that an individual mini skeleton concept map test can be used as an instrument to 

assess students’ understanding of the conceptual structure of the domain and the 

individual concepts and their relations with sufficient reliability and validity. 

First-year students worked together in dyads on an ESCoM guided by 

embedded collaboration scripts in which they took turns in initiating and critically 

discussing descriptions and elaborations of concepts and relations. The test with 

the mini skeleton concept map as an assessment instrument was administered as 

part of their regular examination, and a retention test taken by surprise followed 

one month later. 

The mini skeleton concept map test was a reliable assessment instrument, 

as shown by the inter-rater reliability and the internal consistency reliabilities 

(Cronbach’s α). To ensure the content validity of the mini skeleton concept map the 

concepts were sampled to be representative of the underlying subject matter 

domain concept map and to the frame of reference (section 6.3.1). The predictive 

validity of the mini skeleton concept map test was measured in terms of the 

correlation between the mini skeleton concept map test scores and the retention 

test scores. The rather strong correlation between the tests provided evidence for 

the content validity of the mini skeleton concept map test. 

The findings provide support for the hypothesis that the mini skeleton 

concept map can be used as a reliable and valid instrument for assessing 

meaningful understanding. Since the ESCoM method in this study was assumed to 

foster meaningful learning and retention, the mini skeleton concept map test 

indicated an appropriately aligned assessment with the ESCoM method and 

targeted meaningful understanding. 
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6.4 Some methodological considerations  

 
The findings of this dissertation give rise to some methodological 

considerations and recommendations. First, by combining the skeleton concept 

map with integrated collaboration scripts, we expect to arrive at a maximum effect 

of all of the six defining characteristics of approaches to meaningful learning 

(Sawyer, 2006). In contrast to the research literature, our approach did not isolate 

the separate elements of instructional interventions to support meaningful 

learning: collaboration scripts versus skeleton concept maps. Besides, we followed 

an ecological approach (Fraenkel & Wallen, 2008; Norman, 2002) of the multimedia 

ESCoM mapping method. Moreover, for example, a factorial design approach, with-

versus-without the skeleton concept maps is not realistic to implement in 

educational practice.  

Second, our approach was not to analyze students’ discourse processes, 

but to measure the results of meaningful learning in a realistic educational practice 

setting. Therefore, a further methodological issue concerns the measurement of 

the quality of students' argumentative dialogue. The quality of students' 

argumentative dialogue with respect to the annotated content was rated on a 3-

point scale. So, we could not identify specific possible important discourse 

processes. Nonetheless, we will return to this in our section on suggestions for 

further research. 

A third methodological issue concerns the fading of micro collaboration 

scripts. It is expected that students, in the end, internalize the scripts through 

practice (Dillenbourg & Hong, 2008; King, 2007). Fading collaboration scripts can be 

considered in allowing students to take over control of their activities. However, 

the question arose as to whether scripts can be faded without the danger that 

students might relapse into novice strategies after fading (Wecker & Fischer, 2011). 

Moreover, students valued the support of the scripts in their interactions. 

Therefore, the fading of scripts was not a subject of the present research.  
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Students who worked with the multimedia ESCoM method generally 

recognized that understanding may demand memorization at some stage, or for 

certain purposes. "In many subject areas (such as languages, geology or zoology), 

rote learning is a crucial part of developing understanding, while in other areas 

(such as biology, chemistry or physics), certain higher cognitive skills are also 

involved" (Entwistle & Peterson, 2004, p. 416). However, where higher cognitive 

skills are involved, the ESCoM method seems promising. 

The generalizability of the results gives rise to some considerations. The 

research took place in the context of higher science education. The pilot study and 

the two experimental studies were carried out in the Biomolecules course of the 

Bachelor of Applied Science program at Fontys University of Applied Sciences. 

Although one could argue that the conclusions of this dissertation are thus limited 

to higher science education, we argue that the ESCoM method could be applied to 

other educational disciplines, given the conditions that certain higher cognitive 

skills and the conceptual structure of a knowledge domain are involved. Settings 

that meet such conditions can be found in various educational disciplines, such as 

biology, chemistry, engineering, physics, psychology or sociology (Donald, 2002). 

Nevertheless, subject matter content domains vary in the degree to which they can 

be mapped. Domains with a strong structure containing key concepts with 

definable boundaries tend to lend themselves to being mapped more than those 

with weak structures with less-definable concepts or boundaries (Donald, 2002). 

Domains with weak structures, such as fuzzy concepts, tend to be less mappable 

(Merrill & Tennyson, 1977). However, concept maps have been used successfully in 

many disciplines to make the structure of knowledge explicit to students, 

particularly in science in higher education (Edmondson, 2005). We therefore 

suppose that the ESCoM method could work in science in secondary education as 

well, which could be an issue of future research. However, for this to occur, 

teachers and teacher educators need to have the necessary skills, knowledge, and 

attitude to teach concept mapping skills to their students.  
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Some caution must be exercised with regard to interpretations and 

generalizations of the results of the second experimental study. We concluded (see 

Chapter 5) that the mini skeleton concept map test can be used as a reliable 

instrument for assessing meaningful understanding. However, we did not have the 

option of a regular exam that could be used to evaluate the content validity of the 

mini skeleton concept map test. Instead, we measured the predictive validity of the 

mini skeleton concept map test in terms of the correlation between the mini 

skeleton concept map test scores and the retention test scores. However, the 

rather strong correlation between the tests provided evidence for the content 

validity of the mini skeleton concept map test. 

 

6.5 Suggestions for further research 

The quality of students' argumentative dialogue with respect to the 

annotated content was rated on a 3-point scale, so we could not identify specific, 

possibly important discourse processes. Further research should include discourse 

analysis mechanisms to assess the quality of the argumentative dialogue (De Wever 

et al., 2007; Karakostas & Demetriadis, 2011).  

The mini skeleton concept map test can be used as a reliable assessment 

instrument (see Chapter 5), at least for assessing higher order skills. Several 

relevant formats have been suggested in the literature to assess lower order skills, 

such as the select-and fill-in-the-map method, in which the students fill in the 

provided map (Ruiz-Primo, 2004; Schau et al., 2001), or by offering multiple choice 

options where students fill in the concept map (Moon, Ross, & Phillips, 2010). This 

raises the question whether a combination with the mini skeleton concept map 

test can be effective to assess higher and lower order cognitive skills. We should, 

however, keep in mind that higher education lacks higher order learning, so this 

option seems less relevant. 
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Students and teachers appreciated the multimedia ESCoM mapping 

products and processes (see Chapter 3 and 4). We observed that students worked 

enthusiastically, and enjoyed participating in a scientific experiment. This research 

has focused on the contextual factors (Baeten et al., 2010) that encourage 

meaningful learning. The student factors (e.g., personality, motivation, self-esteem, 

and self-efficacy) were not a subject of our theoretical framework or the present 

research, and could be an issue of future research. 

6.6 Recommendations for educational practice 

The findings of the literature study indicated that there has been 

considerable interest among researchers in deep and meaningful learning, 

retention, collaboration, collaborative learning, and concept mapping and 

assessment. However, research findings merely reach educational practice and 

insufficiently drive schools towards educational change that is based on research 

evidence (van Braak & Vanderlinde, 2012). There is still a gap between educational 

research and educational practice (Jochems, 2012; Martens, Kessels, Laat, & Ros, 

2012; Vanderlinde & van Braak, 2010). Therefore, to overcome this gap, we 

conducted and promoted our educational research in educational practice. 

Moreover, the cooperative activity between the teachers and the researchers turns 

out to be very effective in our research project. 

The aim of this research was considered relevant for educational practice. 

The research generated knowledge about the conditions under which multimedia-

enriched skeleton concept mapping contributed to meaningful learning and 

understanding. The multimedia-enriched skeleton concept map we designed has 

strong potential to elicit productive student activity and increase interactivity 

among students. The findings indicate that the ESCoM method provided 

possibilities for students and teachers, so they can make use of the benefits of this 

research. However, the following recommendations should be considered before 

using skeleton concept mapping in a course curriculum in educational practice. 
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First, teachers in educational practice interested in constructing 

multimedia-enriched skeleton concept maps as viable student-centered learning 

environments should invest in resources, for example, the course book, to ensure 

their subject domain is clearly mappable for themselves as well as their students. 

Domains with weak structures tend to be less mappable (Merrill & Tennyson, 

1977). Moreover, students must have access to the conceptual definitions as well 

as resources for their conceptual interrelationships in order for skeleton concept 

mapping to be integrated within a course curriculum. An important resource would 

be the course book. 

Finally, students appreciate the built-in progress indicator (see Chapter 3 

and 4), which served as an awareness and monitoring tool. They were able to 

control their progress in the scripts and the overall progress in their concept map. 

They were possibly more intrinsically motivated because of the present scientific 

research project, and new experiments are potentially susceptible to Hawthorne 

effects. We assume, however, that in educational practice, it is important not to 

leave students completely on their own and simply watch to see what happens. 

The role of the teacher, besides being a coach or facilitator, should also be to 

monitor and control the progress of the learning activities of the peer groups, to 

provide feedback on their progress, to prevent delay, and to give some support. 
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Summary 
 

 

Scripted Collaborative Enriched Skeleton Concept Mapping to 

Foster Meaningful Learning 

 

Students often demonstrate a surface approach to learning, limiting 

themselves to knowledge reproduction as opposed to meaningful learning. 

Moreover, knowledge construction processes that foster meaningful learning rarely 

occur spontaneously. Therefore, it is up to the teacher to encourage meaningful 

learning. Given the scarcity of teacher resources, there is a need to develop 

instructional interventions that are effective in provoking meaningful learning and 

efficient in requiring a minimum of teacher guidance. This dissertation aims to 

identify, implement, and evaluate triggers to foster meaningful learning in higher 

education. 

An initial literature study reported the factors stimulating the adoption of 

promising approaches to meaningful learning. The literature review provides 

empirical evidence for the effectiveness of concept maps as structured external 

representations of the domain, and of collaboration scripts that regulate 

collaborative discourse and argumentation to support meaningful learning.  

In the following sections, the most important findings and conclusions of 

the three experimental studies are summarized. The participants of the studies 

were first-year students and teacher experts in the Biomolecules course of the 

Bachelor of the Applied Science program at Fontys University of Applied Sciences. 

A pilot study was used to test and evaluate the instruments developed for 

the research. Twenty-four students took part in this study. We tested the adequacy 

and appreciation of the following instruments: (1) frame of reference, (2) micro 
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collaboration scripts, (3) progress indicator, (3) rating scales, (4) multimedia 

enriched skeleton concept map (ESCoM), and (5) procedures. The results showed 

that students and teachers were able to handle the ESCoM Biomolecules and 

appreciated it. The ESCoM scaffolds students by providing an initial view of the 

knowledge domain, which they refine by adding new relations and multimedia 

information resources. Finally, we found that the scripts guide and regulate 

students’ collaborative learning processes to promote students' understanding of 

Biomolecules. 

The first experimental study addresses the following research question:  

Does self-regulated science learning, through scripting students' argumentative 

interactions during collaborative multimedia-enriched skeleton concept mapping, 

lead to meaningful understanding and retention of the conceptual structure of the 

domain, the concepts, and their relations? 

First-year students were randomly assigned to an experimental group of 

44 students and a control group of 49 students. In the experimental group, 

students worked together in dyads on an ESCoM, guided by embedded 

collaboration scripts. The control group received the regular course with lectures 

and tutorials. We compared the results of the groups on their regular exam and a 

surprise retention test administered one month later. The experimental group 

significantly outperformed the control group on the retention test. Scripted 

collaborative multimedia ESCoM mapping thus was more effective than the 

traditional teaching approach. In addition, it was also more efficient because it 

required less teacher guidance. 

The second experimental study addresses the following hypothesis: 

An individual mini skeleton concept map test can be used as an instrument to assess 

students’ understanding of the conceptual structure of the domain and the 

individual concepts and their relations with sufficient reliability and validity. 

A mini skeleton concept map test was constructed to investigate students' 

individual meaningful understanding. To ensure the content validity of the mini 
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skeleton concept map, the concepts were selected from the ESCoM to be 

representative of the underlying subject matter domain. The content and cognitive 

levels are specified in the frame of reference. First-year students (N=48) worked 

together in dyads on an ESCoM guided by embedded collaboration scripts in which 

they took turns initiating and critically discussing descriptions and elaborations of 

concepts and relations. The mini skeleton concept map test was used as an 

assessment instrument as part of their regular examination, and an unannounced 

retention test was administered one month later. Inter-rater reliability and internal 

consistency indicate the mini skeleton concept map test may be used as instrument 

to measure understanding in a reliable way. Correlations with the retention test 

scores indicate that the higher order cognitive levels are measured indeed. Since 

the ESCOM method was introduced to foster meaningful learning and retention, 

we assume that an assessment by use of the ESCOM method is appropriately 

aligned with instructional strategies to develop meaningful understanding. 

The the main findings and conclusions of each study indicate that the 

ESCoM method elicits productive student activity and increases interactivity among 

students. However, the following recommendations should be considered before 

using skeleton concept mapping in a course curriculum in educational practice. 

Teachers interested in constructing multimedia-enriched skeleton concept maps as 

viable student-centered learning environments should invest in resources, for 

example, the course book, to ensure their subject domain is clearly mappable for 

themselves as well as their students. This should enable students to control their 

progress in the scripts and the overall progress in their concept map. We assume, 

however, that in educational practice, it is important not to leave students 

completely on their own and simply watch to see what happens. The role of the 

teacher is not only coaching or facilitating, but also monitoring and controlling the 

progress of the learning activities of the peer groups, in order to provide feedback 

on their progress, to prevent delay, and to give some support. 
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Bevorderen van betekenisvol leren door verrijkte skeleton concept 

maps en scripted samenwerking 

 

Studenten tonen vaak een oppervlakkige manier van studeren, waarbij ze 

zich beperken tot reproductie van kennis in plaats van betekenisvol te leren. 

Daarnaast ontstaan onderwijsleerprocessen, die kennisconstructie en betekenisvol 

leren bevorderen, zelden spontaan. Daarom is het aan de docent om betekenisvol 

leren te stimuleren. Gezien de beperkte inzetbaarheid van docenten, is er behoefte 

aan de ontwikkeling van educatieve interventies. Die educatieve interventies 

dienen betekenisvol leren effectief te bevorderen en de begeleiding van docenten 

efficiënt te minimaliseren. Dit proefschrift heeft tot doel triggers die betekenisvol 

leren in het hoger onderwijs bevorderen te identificeren, implementeren en 

evalueren. 

De eerste studie rapporteert over een literatuuronderzoek naar 

karakteristieken van betekenisvol leren en veelbelovende toepassingen om dit te 

bevorderen. Het literatuuronderzoek levert empirische evidentie voor de 

effectiviteit van concept maps als gestructureerde externe representaties van een 

kennisdomein en voor scripted samenwerking die de gezamenlijke dialoog en 

discussie reguleren om betekenisvol leren te ondersteunen.  

In de volgende alinea’s worden de belangrijkste bevindingen en conclusies 

van de drie praktijkgerichte onderzoeken samengevat. Aan deze onderzoeken werd 

deelgenomen door eerstejaars studenten en vakdocenten van de cursus 

Biomoleculen van de bacheloropleiding Applied Science van Fontys Hogeschool 

Toegepaste Natuurwetenschappen. 
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Een pilotonderzoek werd gebruikt om de ontwikkelde instrumenten voor 

het onderzoek te testen en te evalueren. Er namen vierentwintig studenten deel 

aan dit onderzoek. We hebben de geschiktheid en de waardering van de volgende 

instrumenten getest: (1) de referentietabel, (2) de micro-scripts, (3) de 

voortgangsindicator, (3) de beoordelingsschalen, (4) de met multimedia verrijkte 

skeleton concept map (Enriched Skeleton Concept Map (ESCoM)), en (5) de 

procedures. De resultaten lieten zien dat studenten en docenten in staat waren om 

de ESCoM Biomoleculen te gebruiken en deze te waarderen. De ESCoM 

ondersteunde studenten door een eerste weergave van het kennisdomein 

Biomoleculen te geven, die ze verder konden uitwerken door nieuwe relaties en 

multimediale informatiebronnen toe te voegen. We kwamen tot de conclusie dat 

scripted samenwerking de leerprocessen van de studenten leiden en reguleren en 

hun begrip van het kennisdomein bevorderen. 

Het eerste experimentele onderzoek was gericht op de volgende 

onderzoeksvraag:  

Leidt zelfregulerend leren door scripted samenwerking in combinatie met het 

werken aan de met multimedia verrijkte skeleton concept map, tot betekenisvol 

leren en retentie van de conceptuele structuur van het kennisdomein, de concepten 

en hun relaties? 

Eerstejaarsstudenten werden willekeurig verdeeld over een experimentele 

groep van 44 studenten en een controlegroep van 49 studenten. In de 

experimentele groep werkten studenten in tweetallen samen aan een ESCoM in 

combinatie met scripted samenwerking. De controlegroep volgde het reguliere 

programma met hoorcolleges en werkcolleges. We vergeleken de resultaten van de 

groepen bij hun reguliere toets en een onverwachte retentietoets die een maand 

later werd afgenomen. De experimentele groep scoorde bij de retentietoets 

aanzienlijk beter dan de controlegroep. Multimedia ESCoM mapping in combinatie 

met scripted samenwerking was dus effectiever dan de traditionele manier van 
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lesgeven. Daarnaast was het ook efficiënter omdat er minder begeleiding van de 

docent nodig was. 

Het tweede experimentele onderzoek was gericht op de volgende 

hypothese: 

Een individuele mini skeleton concept map toets kan worden gebruikt als een 

instrument om het inzicht van de studenten in de conceptuele structuur van het 

kennisdomein en de afzonderlijke concepten en hun relaties met voldoende 

betrouwbaarheid en validiteit te beoordelen. 

Er werd een mini skeleton concept map toets geconstrueerd om het 

individuele begrip van studenten te onderzoeken. Om de inhoud van de mini 

skeleton concept map te valideren werden die concepten van de ESCoM 

geselecteerd die representatief zijn voor het onderliggende kennisdomein 

Biomoleculen. De inhoudelijke en cognitieve niveaus werden vermeld in de 

referentietabel. Eerstejaarsstudenten (N = 48) werkten samen in tweetallen aan 

een ESCoM in combinatie met scripted samenwerking. Het script reguleerde dat de 

studenten elkaars beschrijvingen bekeken en kritisch discussieerden over de 

uitwerkingen van de concepten en relaties, waarbij ze om de beurt het initiatief 

namen. De mini skeleton concept map toets werd gebruikt als onderdeel van hun 

reguliere toets en een maand later werd een onverwachte retentietoets 

afgenomen. De inter-beoordelaarsbetrouwbaarheid en interne consistentie gaven 

aan dat de mini skeleton concept map toets een betrouwbaar instrument is. 

Correlaties met de scores van de retentietoets duiden erop dat er inderdaad 

hogere cognitieve niveaus gemeten werden. Aangezien de ESCoM-methode 

geïntroduceerd werd om betekenisvol leren en retentie te bevorderen, 

veronderstelden we dat een toets met behulp van de ESCoM-methode goed 

aansloot op het betreffende onderwijsleerproces om betekenisvol leren te 

ontwikkelen. 

De belangrijkste bevindingen en conclusies van elk onderzoek wijzen erop 

dat de ESCoM-methode de student uitdaagt tot activerend leren en dat er meer 
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interactie tussen de studenten plaatsvindt, wat het betekenisvol leren bevordert. 

Voordat echter de ESCoM-methode in een cursusaanbod in de onderwijspraktijk 

kan worden toegepast, moeten de volgende aanbevelingen in overweging 

genomen worden. Docenten die geïnteresseerd zijn in het samenstellen van een 

met multimedia verrijkte skeleton concept maps in een goed functionerende 

studentgerichte leeromgeving, moeten investeren in leermiddelen, zoals een goed 

cursusboek, waarmee de domein concept map duidelijk in kaart gebracht kan 

worden voor de docent zelf en voor zijn studenten. Dit moet studenten in staat 

stellen om hun voortgang in de scripts en in de gehele concept map te controleren. 

Wij veronderstellen echter dat het in de onderwijspraktijk belangrijk is studenten 

niet volledig aan hun lot over te laten en af te wachten wat er gebeurt. De rol van 

de docent dient zich niet alleen te richten op het coachen en faciliteren, maar ook 

op het toezicht houden en controleren van de voortgang van de leeractiviteiten 

van de studenten om feedback te geven over hun vorderingen, om achterstand te 

voorkomen en ondersteuning te geven. 
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