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Abstract: This study examines concept mapping as a follow-up study strategy for learning from 

text. Based on a task analysis of the sub-tasks learners must accomplish during mapping, we 

developed the following support measures: Participants (N = 102) either generated a map (1) from 

scratch (map-generation), (2) from a list of concepts (concepts-provided), (3) from spatially 

arranged concepts (concepts-arranged), or, alternatively, they (4) studied a worked-out map 

(worked-out map). The control-group (5) did not engage in mapping. Presenting a worked-out map 

enhanced learning most effectively. However, constructing a map from scratch was almost equally 

helpful. In contrast, students in the half-structured conditions (2 and 3) performed no better than 

the control condition. We concluded that both studying a worked-out map and generating one’s 

own map allowed learners to devote attention to important parts of the learning contents. Half-

structured mapping, in contrast, narrowed attention to specific aspects in a dysfunctional way. 
 

Introduction 
As knowledge is changing rapidly in the information age, people are required to engage in self-directed 

lifelong learning. Such self-directed learning requires learners to choose useful learning strategies on their own. 

Unfortunately, even when confronted with complex learning tasks requiring deep processing learners rarely use 

sophisticated learning strategies such as organization or elaboration strategies (Pressley, et al., 1992). This deficit is 

partly due to the effort such strategies require, especially when used for the first time. Learning outcomes may even 

be worse when a new strategy is employed because its application requires significant attention. At the same time, 

comparatively little attention can be devoted to the learning contents themselves (Friedrich & Mandl, 1997). The 

absence of immediate success can distract learners from applying the new learning strategy in the future and thus 

from the experience that sophisticated learning strategies are useful. Hence, support measures that assist learners in 

the use of powerful new learning strategies need to be developed.  

 

In this study, we chose concept mapping as an individual learning strategy because it is theoretically 

grounded in Ausubels theory of cognitive learning (Novak & Gowin, 1984) and broadly applicable (Jonassen, 

Beissner, & Yacci, 1993). In addition, empirical studies show positive effects in different domains and among 

different age-groups (Horton et al., 1993; Jonassen et al., 1993). However, like most learning strategies, concept 

mapping poses high demands on learners' cognitive capacity. Therefore, we tested different support measures 

intended to enhance learning outcomes even with learners who are novices in mapping. The development of support 

measures was based on an analysis of the tasks learners must fulfill while concept mapping. We also implemented a 

theoretically-based support measure, that is, learning from worked-out examples (Renkl & Atkinson, in press). 

Learning from worked-out examples has proven to be effective in a variety of contexts, and shows particular utility 

in initial skill acquisition (e.g., Atkinson, Derry, Renkl, & Wortham, 2000). Therefore providing worked-out 

examples seems to be especially promising to facilitate learning with a new learning strategy, such as concept 

mapping, with which most learners are not yet acquainted. 

 

Concept Mapping 
There are various mapping strategies discussed in the literature (for an overview see Jonassen et al., 1993). 

We concentrated on concept maps because of the flexibility with which they can be used in different domains. Based 

on Ausubel’s assimilation theory of meaningful learning, Novak and Gowin (1984) developed the method of 

concept mapping in order to promote meaningful learning by integrating new ideas into the learner’s prior 

knowledge. According to the taxonomy presented by Weinstein and Mayer (1986), such meaningful learning can be 

classified as an elaborative activity. Mapping strategies also encourage organizational strategies that include 

drawing internal links within the new material (organizing the material), and selecting important contents. 

Organizational and elaborative learning strategies can both be classified as cognitive learning strategies.  
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Concept maps are two-dimensional, graphical representations consisting of concepts illustrated by 

hierarchically arranged nodes and labeled links that connect the nodes (Jonassen, et al., 1993). The hierarchical 

organization of the concepts and the explicit representation of the logical and semantic relations between the 

concepts distinguish concept maps from other maps, such as mind maps (Buzan & Buzan, 1995). For illustration, 

Figure 1 shows a concept map about concept maps themselves. 

 

Research concerning concept maps mainly examines concept maps as a method for assessing learning 

outcomes (Ruiz-Primo, 2000). Recently, however, concept maps have also been investigated as a tool for supporting 

learning. Most studies in this latter strand of research analyze concept maps as teaching material: Providing learners 

with a map instead of a text can improve learning outcomes (O'Donnell, Dansereau, & Hall, 2002, for an overview). 

For example, Hall and O'Donnell (1996) compared learners studying complex contents in the form of a map with 

learners studying the same contents with a traditional text. The map condition outperformed the traditional text 

condition with regard to free recall two days after the learning episode and learning related variables such as 

subjectively perceived concentration and motivation. 

  

Maps can also be used as an individual learning strategy. A meta-analysis showed that concept mapping in 

classrooms generally enhanced achievement (Horton, et al., 1993). The nine studies examining individual student-

prepared concept maps in this meta-analysis reached a mean effect size of 0.66 (SD = 0.24). Less research has been 

done with adult samples, but the results are promising. For example, Churalut and DeBacker (2004) found that adult 

students generating concept maps achieved better results than their counterparts who engaged in a post-reading 

discussion of a text.  

 

Despite the positive effects of concept mapping, this strategy also poses high processing demands on 

learners. For instance, students completing an incomplete map outperformed students generating a map from scratch 

(Chang, Sung, & Cheng, 2001). Chang, Sung, and Cheng (2002) revealed that text comprehension was most 

strongly enhanced by correcting a partly incorrect expert map. The condition correcting an incorrect map 

outperformed two map generation conditions and a control condition, even if map generation was supported by 

faded scaffolds. In these two studies students who generated a map on their own were presented with a list of 

concepts and relations to choose from. They did not have to develop their own concepts and relations. The provided 

support measures – incomplete map and false expert map – were not, however, based on an analysis of the different 

subtasks which learners who construct a concept map from scratch typically have to complete.  

 

A closer look at the demands inherent to concept mapping reveals three main steps: Learners first have to 

extract important concepts out of the text and label these concepts adequately. Second, learners have to arrange these 

extracted concepts spatially. In general, concept maps are organized hierarchically. Learners have to restructure the 

contents and arrange semantically related concepts according to the principle of spatial proximity. Third and finally, 

learners have to draw and label the links between the concepts. The support measures, we developed were 

specifically tailored to these three subtasks. To disburden learners from the demand to extract concepts, we provided 

Figure 1. An Illustration of a Concept Map 
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them with an alphabetical list of concepts; to disburden them from the demands to extract and to arrange concepts 

learners were provided with pre-arranged concepts, and finally, the worked-out map condition disburdened them 

from all demands related to concept mapping. In this latter condition learners studied an example map.  

 

In general, learning from examples has proved to be very effective in initial skill acquisition in well-

structured domains such as mathematics, physics or programming (e.g., Atkinson, et al., 2000), as well as in more 

complex domains such as computer-supported cooperation (Rummel & Spada, 2005). In the domain of concept 

mapping, studies examining a worked-out effect in the context of mapping as a follow-up study strategy are missing. 

Nevertheless, the studies of O´Donnell, Dansereau, and Hall (2002) indicate that using worked-out maps as teaching 

material can be effective: To learn with teacher prepared maps instead of text improved learning. Further research 

comparing learning from worked-out expert maps and self-constructing a concept map is missing but would be an 

issue of theoretical and practical interest (Bruillard & Baron, 2000). 

 

A possible restriction of presenting learners with a completely teacher-prepared concept map may be that 

the learner processes it just superficially, as “there is nothing to do.” For this reason, Chang and colleagues did not 

implement a condition studying a ready map but a condition correcting a partly incorrect map (Chang et al., 2002). 

We instructed the learner to self-explain the maps – as an orientation of what to do with the ready map. (cf. Chi, 

Bassok, Lewis, Reimann, & Glaser, 1989; Renkl, 1997). 

 

Research Questions 
The main goal of this research was to examine the effectiveness of different support measures intended to 

support concept mapping for learning from text. We developed different conditions varying in the extent of support 

provided and we assumed that these conditions would differ with respect to learning outcomes.  

 

Research in other domains revealed learning from worked-out examples to be effective in initial skill 

acquisition. Furthermore, the worked-out-map condition was the condition in which learners were most supported. 

Therefore, we hypothesized that the worked-out-map condition would outperform the other conditions with respect 

to learning outcomes.  
 

Method 
Participants and Experimental Design 

One hundred and two university students took part in the study and were paid 15 € for their participation. 

Two participants had to be excluded from the analysis because they disregarded the instructions. Ultimately, 41 

male and 59 female students, with a mean age of 25 (range 20 - 46) were included in the statistical analyses. 

Participants came from different academic fields. They had studied for about 7 semesters (3 ½ years) on average. 

Hence, they can be classified as advanced students. The sample consisted mainly of novices in mapping: On 

average, students had generated only 0.4 concept maps (range 0 - 15) before participation in the experiment. 

 

The participants were randomly assigned to one of five experimental conditions: (1) in the map-generation 

condition (n = 20) participants had to construct a concept map on their own, (2) the concepts-provided condition (n 

= 20) presented an alphabetical list of concepts that the participants had to spatially arrange and connect with labeled 

links, (3) the concepts-arranged condition (n = 21) drew and labeled links between spatially pre-arranged concepts 

(4) students in the worked-out-map condition (n = 20) studied a ready map, (5) in the no-mapping condition (n = 19) 

there was no follow-up activity to text reading. This condition served as the control condition.  

 

Materials and Dependant Variables 
Text 

Participants read a complex text (2220 words) about ethical and biological issues in human embryo 

research. The text discussed whether and when human embryos should be protected against research endeavors. This 

text met two requirements: First, the interdisciplinary nature of the contents assured that this text was challenging 

enough for advanced students from different fields. Second, earlier studies (Nückles & Salhab, 2005) found that 

students on average had comparatively low prior knowledge about the content domain. Thus, it was assured that the 

students in fact could learn from that text. In addition, human embryo research is a domain that has recently attracted 

much attention in the German media. Therefore learning about these contents should be motivating and interesting.  
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Mapping software 
For creating their concept maps, the students used a computer-based mapping tool (Easy Mapping Tool

©, 

for more information see http://www.cognitive-tools.com/) that was modified for the purposes of the present 

experiment. This particular mapping software was chosen because technically it is very easy to manipulate. In the 

map-generation condition, students constructed a map from scratch. Therefore they were able to construct and move 

the concepts, and to draw and label the links. In this condition, some functions of the Easy Mapping Tool software 

were blocked (e.g., functions like the attachment of pictures and sound were taken away). In the concepts-provided 

condition, participants received an alphabetical list of concepts. They were able to move the concepts as well as to 

draw and label links. However, it was not possible to construct new concepts or change the existing concepts. In the 

concepts-arranged condition students could only draw and label the links, however they could not move, construct 

new concepts or change existing concepts. In the worked-out-map condition students studied the worked-out map 

and self-explained. Therefore, they could not change links, labels, or nodes. In all mapping conditions except the 

worked-out map condition, we asked the students to construct a map from their respective initial state.  

 

Factual Knowledge Test  
 In order to assess factual topic knowledge (ethical and biological issues on human embryo research), a 

multiple-choice test consisting of 10 items was constructed. Each correct answer yielded one point, for each 

incorrect answer, one point was deducted (range from -10 to 10 points). The participants, for example, had to 

identify the correct definition of a stem cell among four given alternatives. This knowledge test was completed in 

the beginning of the experiment (pre-test) and after the learning task. The former test served as control to assure that 

students did not differ with respect to their prior domain knowledge before the experiment (pre-test). The latter test 

served as dependant variable measuring learning outcomes.  

 

Comprehension Test 
In order to assess a deep understanding and comprehension of the learning contents, learners completed a 

comprehension test consisting of six open questions. For example, we asked participants to explain the advantages 

and disadvantages of the utilization of embryonic stem cells and of adult stem cells respectively. The answers to 

these open format questions were rated on a six-point scale (1 = dimension not present; 6 = dimension clearly 

present) (a) regarding the extent to which important arguments were taken up (arguments taken-up) and (b) 

regarding elaboration (elaboration). Moreover, the overall quality of the answers was rated on a six-point scale (1 = 

poor; 6 = very good). Inter-rater agreement was high with regard to all rated dimensions (ICC > .82). 

 

Procedure 
We arranged 10 group sessions with 15 to 20 participants in a computer lab with 20 personal computers. 

The participants were first randomly assigned to the personal computers. Afterwards the experimenter informed 

them verbally about the procedure and instructed them to work independently of their peers. All further instructions 

were given in paper-based form. 

 

After completing a questionnaire on socio-demographical data, experience with mapping techniques, and 

school grade, the students answered a pretest (altogether 10 minutes). For the next 30 minutes, the students read the 

complex text about ethical and biological issues in human embryo research. Then, the participants were randomly 

assigned to one of the five conditions. Participants in the mapping conditions (map-generation, concepts-provided, 

concepts-arranged, and worked-out-map) then read short introductions to concept mapping and for the concept 

mapping software (altogether 10 minutes). Further help with the software was provided on demand. Afterwards, 

they completed their particular mapping task (30 minutes). Learning time remained consistent across participants 

and conditions, i.e. students who wanted to finish earlier were asked to exploit the full 30 minutes and students who 

did not finish in time had to nevertheless go on to the next part of the experiment.  

 

Students then completed the learning test, consisting of the factual knowledge test and the comprehension 

test. The students in the control condition (no-mapping) completed this learning test directly after reading. The 

participants could spend as much time as they needed to complete the learning tests.  

 

Results 
There were no differences between the conditions with respect to the school grades (F < 1) and with regard 

to their experience with mapping techniques (number of generated maps before participating: F < 1). We found also 
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no significant differences in the pretest performance between conditions, F(4, 95) = 1.36, p= .25. On average 

participants achieved only 0.95 points (SD = 2.28) in this test. Thus, the students did not know a lot about the 

content domain prior to the experiment. The experimental conditions were comparable in this respect.  

 

Factual Knowledge  
With respect to factual knowledge in the post-test (multiple-choice test), the group difference just failed the 

5%-level of statistical significance, F(4, 95) = 2.26, p = .07 (for means and standard deviations see Table 1). 

Descriptively, the worked-out-map condition scored best, followed by the map-generation condition and the 

concepts-provided condition. Surprisingly, the no-mapping condition scored higher than the concepts-arranged 

condition.  

 

Table 1: Means (Standard Deviations in Parentheses) of the Dependent Measures in the Test of Factual Knowledge 

and the Comprehension Test 

 

 Map-

generation 

Concepts-

provided 

Concepts 

arranged 

Worked-out-

map 

No Mapping 

 M (SD) M (SD) M (SD) M (SD) M (SD) 

Factual Knowledge
a
 4.40 (3.35) 4.19 (2.21) 2.90 (2.47) 5.11 (2.42) 3.45 (1.96) 

Comprehension      

Arguments taken-upb 3.71 (0.88) 3.35 (0.77) 2.99 (0.60) 4.13 (1.04) 3.34 (1.08) 

Elaborationb 1.99 (0.80) 1.80 (0.76) 1.88 (0.83) 2.10 (0.80) 1.75 (0.63) 

Overall Scorec 3.61 (0.92) 3.29 (0.74) 3.04 (0.63) 4.04 (1.05) 3.23 (1.05) 

Notes 
a
 Range from -10 to 10 points 

b Rating of Arguments taken-up and Elaboration on a six-point scale (1 = dimension not present; 6 = dimension 

clearly present). 
c Rating of Overall Score on a six-point scale (1 = poor; 6 = very good). 

 

Planned contrasts (t-test for homogeneous variances) revealed that the worked-out map condition 

significantly outperformed the other conditions with respect to factual knowledge, t(1, 28) = 2.13, p = .04. For a 

comparison of the other conditions, post-hoc tests (LSD-Tests) were computed. The worked-out map condition 

outperformed the concepts-arranged condition (p = .01) and the no-mapping condition (p = .04). No other 

difference reached the level of statistical significance (p > .05).  

 
Comprehension Test 

In the comprehension part of the learning test, the conditions differed in the overall score, F(4, 95) = 3.72, 

p = .01, and in the extent to which they took up arguments, F(4, 95) = 4.61, p < .01). With respect to elaboration we 

did not find a significant difference between groups (F < 1). Regarding the overall comprehension score and 

arguments taken-up the same descriptive pattern of results as in the case of factual knowledge test could be found: 

The worked-out map condition reached the highest value, followed by the map-generation condition, the concepts-

provided condition, the no-mapping, and the concepts-arranged condition (Table 1).  

 

Planned contrasts (t-test for heterogeneous variances) revealed that the worked-out-map condition 

significantly outperformed the other conditions in the overall score, t(1, 23) = 2.81, p = .01; Table 1) as well as in 

arguments taken-up (t(1, 24) = 3.03, p = .01; Table 1). In order to compare the other conditions, post-hoc tests 

(LSD-Tests) regarding the overall score and the arguments taken-up were performed. The worked-out map condition 

outperformed the concepts-provided condition (overall score: p = .01; arguments taken-up: p = .01), the concepts-

arranged condition (overall score: p < .01; arguments taken-up: p < .01) and the no-mapping condition (overall 

score: p = .01; arguments taken-up: p = .01). The map-generation condition outperformed the concepts-arranged 

condition on both overall score (p = .04) and arguments taken-up (p = .01). Differences between the other conditions 

did not reach the level of significance (p > .05). 

 

Discussion  
Worked-out examples have proved to be effective in different learning domains (Atkinson, et al., 2000). 

The main goal of our study was to examine a worked-out example effect in the domain of concept mapping. We 
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asked whether studying a worked-out map improves learning outcome. As studying worked-out examples may lead 

to superficial processing, we also implemented two half-structured conditions. The development of the latter was 

based on an analysis of the demands inherent to concept mapping. The concepts-provided condition disburdened 

learners from the demand of extracting concepts; the concepts-arranged condition disburdened them in addition 

from arranging the concepts. We also implemented a condition generating a map from scratch (map-generation) and 

a control condition (no-mapping)  

 

As expected, the worked-out-map condition outperformed the other experimental conditions in the test of 

factual knowledge and in the comprehension test with regard to the overall score and the ability to take up important 

arguments. This is consistent with research on worked-out examples (e.g., Atkinson et al., 2000; Renkl & Atkinson, 

in press). Students acquiring initial skills profit from worked-out-maps because these enable them to focus on the 

contents and avoid distraction from the demands of map generation.  

 

The descriptive data and the post-hoc analyses suggested that the unsupported map-generation condition 

almost performed at the level of the worked-out map condition whereas the supported map-generation conditions 

(concepts-provided condition and concepts-arranged condition) were not successful. No differences between these 

latter conditions and the no-mapping condition could be found. In order to explain the findings, we are going to 

analyze process data (log files) and the student-constructed concepts maps. Perhaps, the half-structured mapping 

narrowed attention to specific aspects of the contents in a dysfunctional way. More fine-grained analysis is needed 

to understand the underlying cognitive processes. Nevertheless, we can conclude that supporting students in these 

ways is not effective. 

 

The best way to support mapping beginners while learning from text seems to be to provide a ready map or 

to have them construct a map from scratch. As different cognitive processes are involved in these activities, it can be 

assumed that there are different reasons for the effectiveness in both conditions. We will explore this issue in further 

studies analyzing the learning processes in detail. 

 

Finally, studies replicating the worked-out map effect and comparing different forms of worked-out maps 

and partially worked-out maps are needed. Incorrect examples are a special form of partially worked out maps that 

seems to be effective in enhancing learning outcomes. Correcting a partly false map could motivate learners to 

actively process contents while simultaneously devoting attention to the learning contents. It would be of particular 

interest to analyze whether a worked-out mapping condition outperforms a correcting-a-false-map-condition, such as 

those used in the studies of Chang et al. (2001, 2002). This issue will also be dealt with in further studies. 
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