











Figure 1: Concept map interface with a hybrid representation of concepts and labelled and directed semantic relations.
Concepts belonging to the same category are represented visual-spatially, same-colour and structured hierarchically.
Abbreviations of labels for relations are used for assuring clarity (Ex: example; iu: is used; u: uses).

Figure 2: Concept list interface with a hierarchical representation of concepts. Concepts belonging
to the same category are represented visual-spatially, same-colour and structured hierarchically.

Example of a task requiring consideration of 1 functional relationship

You are searching for e-learning reference systems to find more detailed information about the online use of
teaching methods. Please decide on which of the teaching methods is/are used by a particular reference system.
The reference system ,,Educational Media“ uses as a teaching method ... (a) lecture, (b) tutoring, (3) project-
based teaching, (4) seminar, (5) internship, (6) tryout, (7) practice.



Example of a task requiring consideration of 2 functional relationships

You are searching for an e-learning reference system where the teaching method ,Lecture”, and the
communication technology ,,Video conference* are applied in conjunction. Which of the following information
resources may contain relevant information? (1) Teleteaching im Thiiringer Verbund, (2) Educational Media,
(3) Teleteaching, (4) Bubble Sort, (5) Pharmasquare, (6) COLAC, (7) DOIT.

Example of a task requiring consideration of 3 and more functional relationships

You intend to offer a “blended learning” seminar. As communication tools you want to use a cooperation tool
for Web-based cooperative text design as well as audio conferences and e-mail. You are searching for an
appropriate reference example to learn more about how to use these technologies. Which of the following
resources would you choose get more information? (1) Teleteaching im Thiiringer Verbund, (2) Educational
Media, (3) Teleteaching, (4) Bubble Sort, (5) DOIT, (6) COLAG, (7) Pharmasquare.

The concept list and the concept map interface were developed by using the CmapTools concept mapping
software (http://cmap.ihme.us/). They both represented categorical relations between concepts visual-spatially in
a tree-like hierarchical structure. However, in contrast to the concept list; the concept map also represented
functional relations by means of labelled and directed links. That is, in the concept map hierarchical relations
between concepts are represented in a visual-spatial mode as well as in a verbal mode by using link labels like
“is a type of” or “is an example of”. In the case of the concept map the subjects could directly infer the
relevance of an information resource by considering the category and the functional relations represented in the
map. If desired, they could, however, also access the task-relevant resources and search for information relevant
for coping with a task. In the case of the concept list inferring a relation was only possible for questions
requiring consideration of a category relation. If a question which required the consideration of one or more
functional relations had to be answered, information seekers using a concept list first had to search the relevant
information by accessing potentially relevant Web pages and looking up the information in the text. Subjects in
both experimental conditions could access an information resource by clicking at a corresponding concept node
in the provided interface.

3.1.4 Procedure

In a first phase all subjects were administered two questionnaires. The first one was for assessing demographic
data, and the second one was for assessing user prerequisites, such as computer- and mapping-experience,
preferences for processing textual or graphical information, or prior knowledge on e-learning technologies (5
test-items). In the second phase, after brief instruction about the information seeking scenario, the users were
presented a questionnaire with multiple choice questions. Each question was asking for a decision on which of
the information resources listed would possibly contain relevant information to enable the participant to answer
the question. In order to assess the effectiveness of the two interfaces, two basic dependent variables were used:
time needed for answering questions of a particular question type and number of correct answers. Time for
answering each question was recorded automatically by the mapping tool. In phase three, a short questionnaire
was administered to assess perceived cognitive load.

3.2 Results

An analysis of the statistical premises showed that ANOVAS could be used for hypothesis testing. The results
are as follows:

Hypothesis 1 was confirmed: Search time and correctness of decisions using a concept map interface or a
concept list interface did not differ for answering questions requiring the consideration of category relations.
In this condition, for deciding about the task-adequateness of a particular information resource, there were no
statistical differences at a level of p<0.05 between subjects working with either the concept map or the concept
list with respect to time for search and number of correct answers (search time: My, = 3:24:38; M, = 5:04:36;
F(3,629); p<0.07; number of correct answers: Mcy, = 14.39; M, = 14.48; F(0,021); p<0.89)).

Hypothesis 2 was partly confirmed: In order to answer questions requiring the consideration of one, two or
three functional relations between concepts for deciding about the task-adequateness of a particular information
resource, there were varying statistical differences between subjects working with the concept map as compared
to subjects working with the concept list with respect to time for search and correctness of search results. The
results were as follows: Search time, one relation: My, =3:06:00; M, = 7:06:36; F(57,96); p<0.001 (s); search
time, two relations: M¢y, =3:36:49; M, = 5:56:00; F(35,00); p<0.001 (s); search time, three and more relations:
Mey = 10:02:20; M, =11:09:03; F(0,26); p>0.05 (ns); number of correct answers, one relation: Mcy, = 21,09;
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Mcp = 19,29; F(9,71); p<0.003 (s); number of correct answers, two relations: M¢y, = 41,00; Mo, = 40,57,
F(0,54); p>0.05 (ns); number of correct answers, three and more relations: My, = 20,74; M, = 19,52; F(10,37);
p<0.01 (s). Subjects working with the concept maps had a significantly lower search time when they had to
consider one or two functional relations, as compared to subjects working with the concept list. However, when
three and more functional relations had to be considered, there was no significant difference in search time
between users of the concept map and users of the concept list. As to the number of correct answers, only when
one or three and more relations had to be considered the concept map was more effective than a concept list.
When two conditions had to be considered, subjects working with the concept map interface did not
significantly differ from subjects working with a concept list interface.

Hypothesis 3 was confirmed. When category relations had to be considered, the evaluation of the perceived
cognitive load of users working with the concept map did not differ significantly from the evaluation of concept
list users (Mcy = 2,13; My, = 2,19; F(0,02); p>0.05 (ns)).

Hypothesis 4 was partly confirmed: When functional relations were in focus, subjects using the concept
map reported significantly less cognitive load when one or three and more functional relations had to be
considered (one relation: M¢y, = 2,09; M, = 3,00; F(6,42); p<0.05 (s); three and more relations: M¢y, = 3,65;
Mcp = 4,76; F(8,47); p<0.01 (s)). However, when two functional relations had to be considered, there was no
statistical difference between subjects using the concept map as compared to subjects using the concept list
(Mcy=3,30; Mcp = 3,90; F(2,17); p>0.05 (ns)).

4  Discussion

The goal of the experiment was to study the effectiveness of a concept map as opposed to a concept list as an
interface for fostering information search performance. Earlier studies (Weideman & Kritzinger, 2003; Goumi
et al., 2003) had yielded contradictory results. It was criticized that in the study of Goumi et al. crucial features
of a concept map as an interface for fostering information search had not been adequately used so that the
potential of concept maps did not come to bear. It was assumed that the strength of concept maps lay in the
explicit verbal cueing of semantic relations. If a concept map capitalized on semantic relations between
concepts (topics) for cueing the task-relevance of information resources, performance in both information
search and usability ratings would be enhanced.

In the present study, the effectiveness of a concept map and a concept list was studied. Both interfaces
represented category relations quite similarly visual-spatially in a hierarchical structure. However, in the
concept map interface functional relations between information resources were additionally represented
explicitly in a verbal and visual-spatial mode and could be “read off”, whereas in the concept list interface the
relations between information resources had to be inferred from the text contained in the information resources.
The results of the reported experiment show that, contrary to suggestions of Goumi et al. (2003), concept maps
can be used successfully as interfaces for helping in the search for information resources if certain conditions
are right: if the knowledge about semantic relations between the topics of the resources is relevant for
information search, if the semantic relations are represented explicitly in a visual and verbal mode, if the
concept map is comprehensible and easily usable. The results indicate that if only category relations are relevant
for making decisions on the task-relevance of information resources, then a hierarchically structured concept list
may be equally effective as a hierarchically structured concept map. Apparently the verbal labelling of relations
in the concept map interface has no added value for category relations. If, however, functional relations are the
primary focus, concept map users in most cases outperform concept list users.

Further research has to study in more detail why subjects using the concept map interface had a lower
search time and more correct answers in some conditions but not in others. As to the perceived cognitive load,
the results indicate that cognitive load is the same when using a concept map or a concept list, if category
relations have to be considered. In this case, cueing the task-relevance of resources in a visual-spatial mode
seems to be sufficient for fostering information search. However, if functional relations between concept nodes
have to be considered for deciding on the task-relevance of information resources, the concept map users
reported less cognitive load. A plausible explanation is that the combination of verbal and visual-spatial
semantic cueing of the task-relevance of resources helps users to make sense of external representations, in turn
making possible a knowledge-based information search. This seems to foster processes of external cognition
(Scaife & Rogers, 1996) and, hence, to contribute to reducing cognitive load - provided that basic design criteria
for clarity and comprehensibility of concept maps are met (Wiegmann et al., 1992).
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We suggest that research on concept maps used as interfaces should focus on explicit semantic cueing and
knowledge-based information search. Visual-spatial semantic cueing of the category structure inherent in an
information repository may not always be enough to foster information search. Information visualizations “need
to be tailored and augmented to focus attention on the task-relevant information* (Sebrechts, 2005). Keeping in
mind this suggestion, digital concept maps used as interfaces for fostering information search should not merely
represent category relations of a content structure, as in many approaches on information visualization. They
should explicitly represent, in a combined verbal and visual-spatial representational mode, those relations
between concepts which have been identified in a task analysis as relevant for coping with a particular task and
which have been selected for visual-spatial representation. It is suggested that concept maps used as interfaces
for information search may overcome some of the shortcomings of pure visual semantic cueing in the traditional
information visualization approach (Tergan, Keller & Burkhard, 2006). They might therefore be used
successfully in resource-based learning, problem solving and counselling scenarios.

For future research we suggest that the differential effects of the visual-spatial and the verbal mode for
representing different kinds of semantic relations in concept maps be analysed in more detail as to information
search efficacy. Digital concept maps have not been studied much as interfaces for information search.
However, because coping effectively with information resources in a diversity of resource-based educational
and workplace settings will become a more and more important competency, in future research and application
concept maps as interfaces used for fostering information search should receive much more attention.
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DOES THE FORM OF CONCEPT MAP NODES MATTERS?

Ely Kozminsky, Ben-Gurion University, Israel
Nurit Nathan, Kaye College of Education, Israel

Abstract. Two studies examine the effect of the geometric forms of nodes of a concept map, presented prior to reading a text, on
its comprehension. In the first study we varied the map interface. 162 students received a concept map to study. The map was
presented in one of five interfaces: two bi-form interfaces (ellipses for content and rectangles for structure concepts, and vice
versa), two uniform interfaces (ellipses or rectangles node frames), or a concept map without frames. Then a text was given to
study without the map, and a comprehension test followed. Three texts were studied. The results indicated no comprehension
differences between the two bi-form groups and neither between the two uniform groups. The comprehension scores were higher
for the bi-form compared with the uniform interface. The no frame interface received the lowest scores. Before and after
studying the texts, the students ranked their preferences for the various map interfaces. The preferences were in concordance to
the overall comprehension results, regardless to the group conditions. In the second study we also compared an incongruent bi-
form map to the other conditions using the same procedure. Incongruence hindered comprehension and was least preferred.

1 Introduction

In our work on concept mapping we noticed that the maps used by researchers and practitioners consist of
concepts that are framed in rectangles, circles or other geometric forms. In our particular application of Text
Concept mapping (Nathan & Kozminsky, 2004), we even use two forms to distinguish between content and
structure concepts. We ask does form matters at all? Is a particular geometric form preferred in comparison to
another form? Is a congruent assignment of form to nodes according to some predefined epistemology
important? Therefore, in this study we examine the effect of the geometric forms of a concept map's nodes,
presented prior to reading a text, on its comprehension. We also examine the preference of students to particular
forms of nodes.

A concept map is a visual graph comprised of nodes containing concepts (verbal or visual descriptions)
with links among them. The links are in the form of a line or an arrow with a verbal description (Gaines &
Shaw, 1995). The nodes can assume various graphic shapes, depicting various types of information. The design
of a concept map, which is based on Gestalt principles (affinity between concepts perceived also via
distinguishing color, shape, and clustering), can make learning easier (Wallace, West, Ware & Dansereau,
1998). The visualization of mapping as an external representation, supplies cognitive support and reduces
cognitive load from the learners' working memory (Sweller, 1994). The off-loading process enables the learners
to invest more cognitive resources in the comprehension processes, thus leading to more meaningful learning
(Novak, 2004). In this sense, concept mapping can be regarded as a mindtool (Jonnasen, 2000).

In our version of text's concept mapping, we distinguish in the map between structure nodes that depict
structural-rhetorical information of the text, and content nodes that contain the main content of the text (Nathan
& Kozminsky, 2004) (see Figure 1). This is accomplished by applying a regular geometric distinction (Kosslyn,
1989): rectangles are assigned to structure and ellipses to content information.

Several studies investigated the role of different spatial configurations and link characteristics of concept
maps in learning; some of them also analyzed the effects of the learners' abilities. O’Donnell (1994) reported
that the use of a vertically organized concept (knowledge) map brings about an improvement in the
achievements of learners who possess low-vocabulary abilities, compared to the effect of the use of the
horizontally organized map. Map orientation did not affect high-vocabulary students. Also, the map's spatial
configuration, format and link structure, affects encoding and retrieval of information in the map and is
mediated by the user's spatial and verbal abilities (Wiegmann, et. al, 1992). For example, the use of embellished
links such as arrows, labels, and barbed lines eases the tasks being carried out by those possessing high verbal
abilities compared to their performance with unembellished links. In contrast, embellished links hindered
performance of those with low verbal abilities.

There is a tendency to use various geometrical forms to distinguish different epistemological information in
maps (e.g. Holley & Dansereau, 1984; O'Donnell, Dansereau & Hall, 2002). This is also the case in our use of
text concept mapping, where different forms represent structure and content information. We'll report about
two studies. In the first one (Kozminsky, Nathan & Cohen, 2006) we asked whether the use of a bi-form
interface concept map is advantageous to the use of a uniform interface when the maps are presented before
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studying a text. In the second study we asked in addition about the effect of using bi-form maps that the forms
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Figure 1: A text concept map. Ellipses represent content nodes and rectangles — structure nodes.

2 Study 1

162 students from an introduction to psychology course participated in the study. The students were
randomly assigned into five experimental groups, each assigned a distinct map scheme: (1) Bi-form text maps:
ellipses for content nodes, rectangles for structure nodes; (2) Bi-form text map: rectangles for content nodes,
ellipses for structure nodes; (3) Uniform text map: rectangles for both types of nodes; (4) Uniform text map:
ellipses for both types of nodes; (5) No frame: text map without a geometric forms surrounding content or
structure nodes.

The study was conducted in three weekly sessions: In the first session, the students were randomly assigned
to the five study groups and tested on reading comprehension, verbal and spatial abilities, and on their
preference for a geometrical form of a concept map. All five map schemes for an example text were presented
(see Figure 2), and the students were asked to rate their preferences for learning the text with each scheme on a
5-point scale (1-most preferred to 5-least preferred for learning).

In the second session, the researcher explained, separately to each group, the characteristics of the form the
map and its components for an example text, according the group's study condition; then, the participants were
asked to study another example text. First, they received for study the text's map for three minutes. Then they
studied the text without the map (eight minutes); and finally, answered four questions (locating details,
inference, identifying structure, and application, Raphael, 1982) without reference to the text or the map (six
minutes), and received feedback about the correct answers. (2) In the third session, the students studied in their
assigned groups three expository texts (235, 351, 540 words) with their text concept maps and answered four
questions, in the same manner as they practiced in the second session. At the end of this session, the students
were asked to provide again their preference for learning a text for each map scheme.

There was no statistically significant difference (p < .05 from now hence) among the groups in the initial
reading comprehension, verbal and spatial ability scores. An analysis of variance was carried out on the overall
comprehension scores of the texts and of each question type as a function of the various forms of the concept
maps (see Table 1): (1) There was no statistically significant difference between the two bi-form groups and
also between the two uniform groups; (2) Using concept map without geometric forms at all or a uniform
interface, lead to lower comprehension compared with the bi-form groups. These differences were primarily
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manifested in memory for details and inference questions; (3) Using a bi-form map leads to higher
comprehension scores than using a uniform map. These differences were manifested in memory, in text
structure identification, and in application questions.
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Figure 2. The five map schemes used the preference task. (a) No frame; (b) Bi-form maps: ellipses for content, rectangles for structure
nodes; (c) Uniform text map: rectangles for both types of nodes; (d) Uniform text map: ellipses for both types of nodes; (¢) Bi-form text
map: rectangles for content nodes, ellipses for structure nodes.

The results support the hypothesis that a visual distinction between content and structure nodes in the map
leads to comprehension improvement. This distinction was also preferred by the learners independent of their
study condition. Therefore, there is congruence between the perceptual preferences and the cognitive
performance.
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So based on these results, we continued with a second study (which is still in progress), in order to verify
whether the nodes' distinct functions and congruence affect text comprehension. Especially we questioned
whether incongruent maps, in terms of form assignments to nodes' categories, will hinder comprehension and
will affect perceptual preference.

Group Total Comprehension levels
N seores Details Inference  Structure Application
é i 34 1.45 1.38 1.67 1.33 1.41
ontent - ellipses 0.27) (0.39) (0.38) (0.35) (0.54)
Structure - rectangles
Ié 1 34 1.39 1.49 1.63 1.31 1.14
ontent - rectangles (0.27) (0.34) (0.47) (0.32) (0.49)
Structure - ellipses
111 31 1.29 1.30 1.52 1.27 1.09
Content & structure (0.34) (0.30) (0.48) (0.44) (0.55)
rectangles
v
Content & structure 31 1.20 1.29 1.48 1.02 1.01
on (0.34) (0.27) (0.27) (0.36) (0.55)
rectangles
AY4 32 1.16 1.14 1.33 1.09 1.09
No frames (0.35) (0.37) (0.51) (0.43) (0.61)

Table 1: Adjusted mean scores (and standard deviations) in the comprehension test (range 0-2) for the study groups

As for map preference (see Table 2), there was a preference both before and after studying for a bi-form
compared to a uniform or no-form interface.

Before After
Scheme . .
Intervention Intervention
I. Content — ellipses; Structure - rectangles 2.67 2.36
(1.25) (1.27)
II. Content — rectangles; Structure - ellipses 2.50 2.31
(1.25) (0.85)
III. Content & structure - rectangles 2.70 2.90
(1.14) (1.14)
IV. Content & structure - ellipses 3.0 3.0
(1.15) (1.00)
V. No frame 4.10 4.30
(1.49) (1.25)

Table 2: Students' preference means for learning a text with each concept map scheme (N = 162)
before and after the intervention (1-most preferred to 5-least preferred)

3  Study?2

43 students from an introduction to psychology course participated in the study. The students were randomly
assigned into five experimental groups: (1) Congruent bi-form text maps: ellipses for content nodes, rectangles
for structure nodes; (2) Uniform text maps: rectangles for both types of nodes; (3) Incongruent bi-form text
maps: ellipse and rectangle forms, in their proportion to Condition 1, were randomly assigned to the map's
nodes; (4) Text maps without any geometric forms surrounding content or structure nodes; (5) No map. The
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procedure was as in Study 1. In the No Map condition the time allotted to study a text was a sum of the times
allotted for map and text study in the map conditions. The students' preference for a geometrical form of a
concept map was tested in concordance to the conditions of the second study. All four map schemes for an
example text were presented (congruent bi-form, uniform, incongruent bi-form, and no frame), and the students
were asked to rate their preferences for learning the text with each scheme on a 4-point scale (1-most preferred
to 4-least preferred for learning).

The comprehension results exhibited a trend similar to Study 1 (not yet a statistical one). Especially we note
that comprehension results following exposure to an incongruent or to a no-frame maps tend to be lower than
the bi-form and uniform conditions. The preference results (see Table 3), also provided a similar (statistically
significant) trend as was in the first study. In this study the order of preference was from the congruent bi-form,
uniform. Incongruent bi-form, and no frame.

Before After
Scheme . .
Intervention Intervention
Congruent bi-form frame 1.86 1.71
(0.94) (0.87)
Uniform frame 2.05 2.01
(0.87) (0.85)
Incongruent bi-form frame 2.88 2.85
(1.25) (0.99)
No frame 3.28 3.41
(0.91) (0.53)

Table 3: Students' preference means for learning a text with each concept map scheme (N = 43)
before and after the intervention (1-most preferred to 4-least preferred)

4  Discussion

We found in the first study that using a bi-form map leads to higher comprehension scores than using a uniform
or a no-frame map. There was also a perceptual preference both before and after studying for a bi-form interface
compared to a uniform one. The no-frame map received the lowest preference score. We propose that the bi-
form concept map compared with the uniform map reduces “cognitive load" by providing additional
information regarding the semantic role of each node type, and thereby releasing working memory resources for
higher level thinking and study activities (McAleese, 1998). This "cognitive load" reduction is also noted by the
learners as a perceptual preference for a bi-form interface. By a similar reasoning, we propose that incongruence
introduces additional cognitive load, requiring the learner to decipher the nodes' correct roles.

As for explaining the frame/no frame effect we have to resort to basic attention theory. First, several
examples of students explaining their perceptual preferences: "The bi-form map is the most preferred, since the
different shapes have a different meaning, and this is not so in the other formats." "In the bi-form map
subcategories are more noticeable." "A uniform format is more pleasant to the eye." "Better to study when the
nodes are framed." The students' explanations refer either to some perceptual qualities (pleasant) or to the ease
of locating information and assigning meaning conveyed by the frame. Intuitively, we understand that in
complex maps, retaining only verbal labels can cause location confusion and lead to misreading of concepts,
especially in scan mode. So, geometrical frames surrounding concept may improve distinction or memory for
location (LaBerge, 1995), that are selective aspects of attention. Also the regular interpretation of the
geometrical shapes, tunes the sensitivity control components of the attention system (Knudsen, 2007), so the
comprehension is facilitated. More time can be dedicated to higher thinking processes.
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Abstract. The effective use of concept maps in education has been limited by a generalized tendency amongst learners to
construct descriptive concept maps, characterized primarily by static propositions. Adequate representation of knowledge,
however, calls for both description and explanation, that is, a combination of both static and dynamic propositions. This is
especially true of scientific and mathematical reasoning, where dynamic relationships are necessary to establish
interdependencies and covariation among two or more concepts. Experiments have shown that dynamic focus questions
significantly increase the presence of dynamic propositions in concept maps. The results presented in this paper confirm this
finding, and suggest further that the two vary in direct proportion to one another, that is the more open and dynamic the focus
question, the more dynamic the resulting propositions.

1 Introduction

At the closing of the Second International Conference on Concept Mapping, in Costa Rica, Cafias & Novak
(2006) called for a re-examination of the foundations of concept mapping in order to make better use of the tool.
In their address they noted that in spite of the increased usage of concept maps worldwide, much of the tool’s
representational power continues to be lost to most users.

One of the reasons identified by Cailas & Novak (2006) is the tendency, pervasive among mappers, to
construct descriptive concept maps, as opposed to explicative maps. This in turn appears to be the result of
focusing on objects rather than events. According to these authors, concept maps that deal with objects generally
end up being descriptive maps, characterized almost entirely by static propositions; in contrast, concept maps
that involve events are usually more explanatory and contain more dynamic propositions.

Derbentseva, Safayeni, & Canas (2004), for their part, have pointed out that in general adequate knowledge
representation requires both static and dynamic propositions, as it is the latter that capture covariation and
changing relationships among two or more concepts. This assertion is especially true for scientific and
mathematical knowledge, where causal relationships and interdependencies among two or more variables often
show up. Thus, propitiating dynamic propositions in concept maps is a most desirable goal.

Recently, Derbentseva, Safayeni, & Caiias (2006) experimented with two different strategies to increase the
number of dynamic propositions in a concept map. One approach involved quantification of the root concept,
while the other involved experimenting with the nature of the focus question. For the purpose of the present
article, we center our attention on the second strategy, namely, on the relationship between the nature of the
focus questions and the kinds of propositions that show up in a concept map.

As Novak & Cafias (2008) indicate, focus questions make explicit the questions or problems which concept
maps are supposed to address. In this manner focus questions help direct the learner’s attention to the issue
under consideration. Additionally, since hierarchies among concepts and relationships are highly context
dependent, focus questions help establish a specific context within which to rank and relate concepts, thereby
guiding concept map construction.

According to Novak & Caiias (2008), the nature of the focus question influences the type and quality of the
resulting concept map. The study by Derbentseva et al. (2006) provides evidence that this is indeed the case. In
their research they compared a focus question asking “what is concept X?” with a focus question asking “how
does concept X work?” Their results showed that the “how” condition produced significantly more dynamic
propositions than did the “what” condition.

In this paper we present evidence that substantiates the findings of Derbentseva et al. (2006). Our results

suggest, furthermore, that the more open and dynamic the focus question, the more dynamic the nature of the
resulting propositions, i.e., that there may be directly proportional relationship between the two variables.
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2 A classification of focus questions

In considering types of focus questions two criteria were considered: first, the degree to which a question admits
a variety of answers across different individuals, that is, how open to personal input a question is; and second,
the degree to which the answer requires explanation through dynamic propositions. With these criteria, focus
questions were classified as: 1) closed or classificatory, 2) open-static, and 3) open-dynamic. Closed or
classificatory questions tend to have a universally accepted answer and therefore do not allow much variation
among respondents. Maps responding to this type of question tend to be quite similar to one another, as room
for personal input is minimal. Examples of this type of question are “What are the layers of the Earth?” or
“How is Panama divided politically?” Open-static focus questions generally request descriptions of concepts.
They admit a variety of responses, since personal experience can be incorporated into these descriptions;
however, they tend to lead to maps that depict unchanging relationships, i.e., maps that are basically static in
nature. Examples of these kinds of questions are “What is magnetic resonance?” or “Who was Picasso?”
Finally, open-dynamic focus questions generally deal with events, rather than objects, and go beyond requiring
mere descriptions to demanding reasons and explanations for these events, be they situations or happenings.
Maps responding to this type of question account for changing relationships and interdependencies among
concepts, hence their overall dynamic nature. Furthermore, responses vary greatly among learners, since
personal experience and understanding plays a major role in map construction. Examples of open-dynamic
questions are “Why do birds migrate?”, “Why is it important for pregnant women to ingest folic acid?”, or
“How does an airplane fly?” As can be appreciated, the classification proceeds simultaneously from less
openness to more openness, and from requiring fewer dynamic propositions to requiring more. Also, one can see
that the typical “What is...?” focus question tested in Derbentseva et al.’s study falls in the open-static category,
whereas the “How does...?” question pertains to the open-dynamic class.

3 Dynamic propositions

Safayeni et al. (2004) define dynamic relationships as those that establish implication, functional
interdependence and covariation among the concepts. Static relationships, on the other hand, “describe, define
and organize knowledge for a given domain” (ibid, p. 10). In our work, dynamic propositions are defined
slightly differently: we consider a proposition to be dynamic if it involves 1) physical movement, 2) action, 3)
change of state, or 4) it establishes some form of dependency or causal relationship. Propositions that are not
dynamic are static.

We further classify dynamic propositions as causative or non-causative. In order for a dynamic proposition
to be causative, one part of the proposition must embody the “cause” or “probable cause,” while the other part
must correspond to the “effect.” Alternatively, one part of the proposition must be identifiable as the “source”
from which that which the effect stated in the other part of the proposition originates. In non-causative dynamic
propositions no such identification is possible. The propositions given below exemplify these three types of
propositions:

» Examples of static propositions:
®  The sunis a star
®  Means of transportation include land transport
®  Panama is located in Central America
®  Animals may be vertebrates.

» Examples of non-causative dynamic propositions:
®  Roots absorb water
®  Herbivores eat plants
*  Living beings need oxygen

» Examples of causative dynamic propositions:
° Cigarettes produce cancer
®  Rule of law attracts foreign investment
®  Heat melts ice
®  Paper comes from trees

Causative propositions, in turn, may be divided into quantified or non-quantified. Quantified causative
propositions explicitly indicate the manner in which a certain change in one concept induces a corresponding
change in the other concept, unlike non-quantified propositions that make no reference to directionality or any
other measure of the causal relationship. The following examples help clarify these distinctions:

366



» Examples of quantified causative dynamic propositions:
®  Increased transparency in public affairs discourages corruption
®  Under-activity of the thyroid gland decreases body metabolism
®  Increased quality of education contributes to greater national development.

In evaluating the dynamic nature of the propositions, the specific categories considered were the following:
1) only static propositions are present in the concept map (there are no dynamic propositions of any kind), 2)
only non-causative dynamic propositions, 3) one to two causative dynamic propositions, 4) more than 2
causative dynamic propositions, and 5) one or more quantified causative dynamic propositions. This sequence
of categories attempts to reflect an increasing degree of explanation in propositions. Static propositions, for
instance, do not explain, they describe structural aspects of concepts. Non-causative dynamic propositions also
are not explicative; rather they tend to describe functional aspects of concepts. Causative dynamic propositions,
in contrast, explain how one concept produces or results from another; quantified causative dynamic
propositions, additionally, provide a direction or measure of the covariation between cause and effect, that is,
they explain how change in one concept cause changes in the other. Thus, according to this description, the
more dynamic a proposition the greater its explanatory nature.

4 Methods and procedures

The results presented here were obtained as part of a larger research program that investigated the acquisition of
skill in concept mapping by in-service Panamanian public elementary schoolteachers participating' in Panama’s
Conéctate al Conocimiento Project (see Tarté, 2006). To this end, initial and final concept maps created using
CmapTools® (Caiias et al., 2004) were gathered via the CmapTools Recorder feature (Miller, Cafias & Novak
2008). The sample was obtained from 18 different training groups, taught by different pairs of Project
facilitators over the course of a 3-month period extending from July through September 2006, and ended up
consisting of 258 teachers. For both these maps teachers worked individually. Topics for the final map were
freely chosen by the teachers; for the initial map, topics were chosen in 14 of the 18 groups, while in the
remaining 4 groups maps were based on an assigned reading. In all cases teachers posed their own focus
questions. Time allotted for map construction varied among training groups, but generally was between 1.5 — 2
hours. However, some teachers stopped before the time was up, while others continued working afterwards.’
Thus, mean construction time for the first map was 1 hour 32 minutes, and 1 hour 58 for the final map.

Completed Cmaps were analyzed using the taxonomy for concept maps developed at the Conéctate Project.
This taxonomy consists of a topological taxonomy (Canas, Miller, Novak et al., 2006), used to evaluate concept
maps in terms of their structure, and a semantic scoring rubric (Miller & Caiias, 2008), to evaluate content. In
addition to overall semantic evaluation of Cmaps, specific semantic elements such as focus questions, dynamic
propositions and cross-links were scrutinized. This paper reports the results of the examination of focus
questions and dynamic propositions, as well as the relationship between them.

At the Conéctate workshops focus questions are viewed as an important component guiding concept map
construction. They provide not only a context for the map, but a specific query, problem or issue which the map
must address and respond to. Facilitators in charge of teacher training introduce focus questions from the very
first day of the workshop. Though specific remarks evidently depend on individual facilitators, most comments
would have been aimed towards emphasizing their guiding/contextualizing role, and getting teachers’ maps to
answer the focus question.* Some facilitators may have gone a bit further, and encouraged teachers to pose
questions outside the school curriculum, about topics pertaining to their everyday lives or subjects of general
interest to them. One can be certain however that no mention would have been made about the classification
described above, for the simple reason that it was unknown to the facilitators themselves.

Regarding dynamic propositions, most facilitators have been exposed to the term through the involvement
of Cafias and Novak in the Conéctate Project, and their presentation at CMC 2006 (Cafias & Novak, 20006).
However, the definition of dynamic proposition presented here, as well as the classification of concepts from

! It should be pointed out that the selection of teachers and schools to participate in the workshops, and the assignment of teachers to training
groups, were beyond the control of the researchers.

2 We denote concept maps created using CmapTools as Cmaps.

* Some would work during part of their coffee breaks or lunch period.

*Novak & Caiias (2008) have remarked on learners’ tendency to veer away from the focus question and construct concept maps that
respond to some other question, rather than the one originally put forth.
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least to most explanatory, were and continue to be unfamiliar to all but a few of the facilitators. Moreover, the
general idea of dynamic proposition at present is not a topic discussed in the Conéctate workshops. For all these
reasons, one can rest assured that teachers were not familiar either with the notion of dynamic proposition, and
much less with the categorization we made of them.

5 Results

Cmap Figure 1 displays the distribution of focus questions on the initial and final Cmaps, according to the
classification given above. In both cases the distribution was centered on the open-static category; however,
there was less dispersion in the final Cmap. It is interesting to note, that the overall the percentages in the
closed/classificatory and open-dynamic categories remained virtually unchanged from one map to the other.
However, as can be seen, the narrowing of the range in the final map resulted from a decrease of maps with no
focus question and an increase of maps with open-static focus questions.
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Figure 1. Distribution of focus questions in initial and final Cmaps.

40% 34% 34% O Initial Cmap

2% 22% 25% 24% @Final Cmap
20% 17% 17%
. 2% 1%
0% T T T

Only static Only non- 1-2 causative >2 causative 1 ormore
propositions causative dynamic dynamic quantified
dynamic propositions propositions causative
propositions dynamic

propositions

Figure 2. Distribution of dynamic propositions in initial and final Cmaps.

A corresponding analysis was carried out for dynamic propositions (figure 2). The graph shows a similar
distribution pattern for dynamic propositions in the initial and final Cmaps. Both are characterized by a
relatively uniform distribution across the first four categories, contrasting with the absence of propositions in the
fifth category, the class of quantified causative dynamic propositions. The main difference between the two
maps was a shift to the right, accounted for mainly by the decrease in the category of only static propositions
and a corresponding increase in the 1-2 causative dynamic propositions category. Despite the decrease in the
first category, there still remains in the final Cmap a considerable fraction (22%) with only static propositions in
them. Likewise, close to half the maps (47%) contain no cause-effect propositions.

Next we explored the relationship between the type of focus question put forth (independent variable) and

the dynamic nature of the propositions present in the concept map (dependent variable). To investigate this
relationship analytically we made use of ordered logit regression analysis, since the two categorical variables
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have a “natural” ordering. The “goodness of fit” probability was 0.09 on the initial Cmap and 0.00 on the final
Cmap. Thus, the null hypothesis — that there is no relation between the type of focus question and presence of
dynamic propositions — is rejected in favor of an association between the two variables. The probability values
suggest a weaker association in the first Cmap and a stronger one in the final map.

These results can be observed graphically by inspection of figures 3 and 4. If one were to envelope all four
categories of focus question under a single bell-shaped curve, one would notice, in the first Cmap, that the
center hovers somewhere between the closed/classificatory and the open-static category, and the distribution has
a fairly high variance; in contrast, in the final map the mean lies farther to the right, above the open-static
category, and there is much less variance in the distribution.
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Figure 3. Relation between focus question and propositions present in initial Cmap.

If one looks across the different categories one also notes a certain pattern: the center of imaginary bell
curves superimposed over each of the 4 categories moves farther to the right as the category moves to the right.
This pattern is more pronounced and evident in the final map. What this suggests is that as the focus question
becomes more open and requires more explanation to answer it, the propositions indeed become increasingly
explicative.
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Figure 4. Relation between focus question and propositions present in final Cmap.

Finally, and along the lines of Derbentseva et al.’s (2006) study, we compared the presence of dynamic
propositions, specifically causative statements, in Cmaps with open-static versus open-dynamic questions. The
contingency table in figure 5 shows our findings. What we see is that open-static questions lead to a relatively
equal distribution of causative and non-causative proposition; whereas, open-dynamic questions lead to more
causative propositions in a ratio of 4 to 1.
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Nature of propositions

Non-causal | Causal | Total

Type of Open- static 71 77 148
focus question | open-dynamic 6 24 30
Total 77 101 178

Table 2. Contingency table showing a significant association (P = 0.005) between type of focus question and presence of
causative dynamic propositions in a concept map.
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Figure 5. Concept map associated to an open-dynamic focus question: “How does ingesting folic acid
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Figures 5 and 6, respectively, show examples of rather typical Cmaps associated with open-dynamic and
open-static focus questions. In the map corresponding to the open-dynamic question, of a total of 20
propositions (examples excepted), there are 12 causative dynamic propositions. In contrast, in the map
associated to the open-static question, of a total of 18 propositions (there are no examples) there is only one that
is causative.

370



6 Discussion

Concerning the type of focus question, results indicate a significant decrease in the number of maps containing
no focus question and a corresponding increase in those with open-static focus questions. These findings were to
be expected given the emphasis placed by facilitators on the importance of including focus questions in concept
maps, and the encouragement given to considering topics outside the school curriculum, and closer to personal
experience.

Results also reveal changes in the nature of questions, in particular the decrease of static propositions and
parallel increase of causative propositions. Unlike changes in focus question, these results can not be attributed
to facilitator intervention. As pointed out earlier, though most facilitators have been exposed to the notion of
dynamic propositions, this is not a topic they are intimately familiar with, and it is not one that is covered in the
workshops. Furthermore, the classification of propositions in terms of their explanatory nature was not known to
them. In view of this, the distribution of propositions both in the initial and final maps, as well as any change in
this distribution between the two maps, must follow, at least in part, from the type of questions guiding the
construction of the maps.

We have seen that there is a clear positive association between the type of focus question and the nature of
the propositions. In particular, the more open to personal experience and the more demanding of explanation a
focus question, the more explicative the resulting propositions in the corresponding concept map. This finding
confirms the result obtained previously by Derbentseva et al. (2006). However, it goes a bit beyond as well.
Derbentseva el al.’s (2006) experiment compared two specific questions, a “what is...” question with a “how
does...” question, which belong to our open-static and open-dynamic categories, respectively. In our setting, 258
virtually different questions5 posed by an equal number of subjects were considered. Thus, our data essentially
generalizes the previous result, showing that it holds true, independently of any particular question.

7  Conclusions

In this paper we have presented results confirming and generalizing an earlier result by Derbentseva et al.
(2006) concerning the effect of the focus question on the dynamic nature of propositions in a concept map. We
have shown that the more open to individual input and the more demanding of explanation the focus question,
the more dynamic (explicatory) the nature of the resulting propositions.

If we are to take full advantage of concept maps as a tool for meaningful learning, especially with regard to
the sciences, we must promote explicative maps, containing numerous dynamic propositions. The significance
of this result rests in the possibility of achieving this increased representational power of concept maps. It
demonstrates that by simply posing a certain kind of question, one that demands both an explanation and an
evocation of personal experience, concept maps will naturally tend to incorporate more dynamic propositions. If
this is accompanied by additional questions, particularly dynamic questions, concerning the relationships
between pair of concepts, the explanatory potential of concept maps and their value as a Mindtool may be
significantly increased.
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Abstract. The study shows the triangulation of qualitative and quantitative research methods on concept mapping. The research
questions focus on two aspects: 1) How must the topic burning and combustion be educationally structurized to promote
meaningful learning and 2) do elementary school students learn science concepts more efficiently by the use of Concept Mapping
than with traditional linear methods.

Concept Mapping is used in this study as a) a qualitative research method to investigate student’s conceptions about the specific
content and b) as the object of interest in the investigation as they were quantitatively compared to a linear method to investigate
the efficiency of concept maps in their function as a learning method. The aims of the study lay in the combination of findings to
create guidelines for learners and teachers for their work with Concept Mapping within this domain specific content of chemistry
education.

1 Introduction

In studies about how young children learn science concepts meaningfully it is often reported that they tend to
have problems integrating new scientific concepts in established knowledge structures (Rahayu et al. 1999, Seré
2000). Thereby scientific knowledge stands isolated in opposition to “every-day* assumptions. Everyday
concepts can have a great impact on observations and interpretation of scientific phenomena (Prieto 1992,
Anderson 1990, Meheut 1982).

Additionally, Concept Maps are often described as “metacognitive tools” that support children’s reflective
thinking by using visual and conceptual representations (Mintzes et al. 1997). By creating and modifying a
concept map the creator needs to make comprehensible decisions about which concepts are related or
subordinated and in which context they are used. As processes of individual self-reflection, self-control and
evaluation are necessary for creating a concept map, these processes will concurrently be positively influenced.
Concept Mapping has been proved to be efficient for short-time memory of concepts (Bernd et al. 2000).
Concept Mapping also exert an influence on long-time memory of knowledge concerning an overview of a
domain area (Juengst 1995). A positive effect of the use of Concept Mapping could be reported for student’s
attitude in relation to science as they gain a transparent overview of domain specific knowledge fields (Jegede et
al. 1990). So far it is not yet investigated how and in which extend the method of Concept Mapping has a
positive influence on elementary school students learning alleged abstract concepts such as burning and
combustion. According to these research interests, this study uses Concept Mapping as a) a research method and
b) as the object of interest of the inquiry.

2 Design of the study

The study combines the interests of two different fields: the interest of pedagogical psychology in the efficiency
of a certain learning method such as Concept Mapping and the reveal of underlying cognitive processes and the
interests of science education in elementary students (pre-) conceptions about a special chemical phenomenon.
The aim is, to combine the results of these two research fields in the background of a practical orientated
research model to give advices for school learning.

Therefore the investigation focuses on two research questions:
1. How can the topic burning and combustion be structured for elementary school students?
2. Do children learn science concepts more efficiently by using networking learning methods such as
Concept Mapping?

To answer these questions three parts of investigation were made:
a. By using interviews, experts identified the scientific (chemical) matter of the topic burning and
combustion for elementary school students from their own experiences.
b. Qualitative analyses revealed the students’ conceptions about the topic burning and combustion and
have been related to other research results.
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c. By using a special quantitative scoring the efficiency of Concept Mapping for learning the matter
burning and combustion has been evaluated.

Two of the three parts of the study and their specific influence on the educational structuring process are
described below.

The research is methodologically settled in the research frame of the underlying model of Educational
Reconstruction (Kattmann et al. 1997). This model aims at the iterative connection of

* the clarification and simplification of the specific subject matter,

* the analyses of students’ (pre-)conception about the specific topic and

* an educational structuration of the specific subject matter which constitutes the research target.

Epistemologically the model bases on constructivist ideas that assume the (re-)construction of a certain
subject matter by the individual itself. As science education acts as a meta-science against domain specific
science, it requires the inclusion of students’ (pre-)conceptions as part and parcel in the process of (re-
)construction. The following graphic shows the interaction of all research paradigm related to the specific parts
of this study:

€ EFFICIENCY OF CONCEPT MAPPING )
AS LEARNING METHOD

QUANTITATIVE ANALYSES OF
CONCEPT MAPS

4 EDUCATIONAL STRUCTURATION

WILL BE GENRATED THROUGH THE'
ITERATIVE COMBINATION OF ALL
THREE PARTS OF THE STUDY

LEAD TO GUIDELINES

INVESTIGATION OF LEARNERS
PERSPECTIVE

SCIENTIFIC CLARIFICATION OF
DOMAIN SPECIFIC CONTENT

QUALITATIVE ANALYSES OF
CONCEPT MAPS

INTERVIEWING EXPERTS

\

Figure 1: Design of research included in the research framework of the Model of Educational Reconstruction

The scientific clarification and the investigation of the student’s (pre-)conceptions mark these parts of the
study that are focused on the answering of the first research question, because they refer to the content burning
and combustion. Here, two investigations were made which are presented under 2.1 and 2.2. Part 2.3 shows the
results of the study about Concept Mapping as the focus of the investigation; this part is described more in detail
as it is of greater importance for the aims of the study.

2.1  Clarification of specific subject matter by interviewing experts

The simplification of scientific matter, which is in this case the topic burning and combustion, marks one of the
central aspects within the model of Educational Reconstruction (Kattmann et al. 1997). To identify concepts that
are relevant for elementary school students, four experts have been interviewed. These experts all have a
scientific background and have developed different educational submissions for elementary school students for
the topic burning and combustion. The method of interviewing experts has often been used in qualitative
research (Meuser 1994) and proofed its value. As it is not the focus of this overview the findings on that are
omitted.
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2.2 Concept Mapping as research method — the investigation of student’s preconceptions of the topic
burning and combustion

The Concept Maps of 92 elementary school students at the age of 10 have been evaluated qualitatively. As
burning and combustion has not been discussed in school lessons these mapped concepts base on
preconceptions.

This part of the study represents methodologically an empirical-qualitative exploration. First the data has
been deductively related to results of studies in the field of science. In the qualitative analysis, theory-based
aspects of the evaluation were related to the data, then deduced and in a formal-contextual way structurized
sensu Mayring (2000). Second, the data has been searched for everyday concepts, which were collected
indicatively. Through processes of generalization categories were identified and communicatively validated.

In the process of collecting the data, the propositions (a proposition consists of two concepts linked by a
labelled relation) within the Concept Maps were analysed under the named procedures. Over all 118 concepts
were counted and 9 different categories could be identified which should be mentioned here in detail:

Scientific concepts: The most prominent concepts were wood as an example for a combustible material, which
forms 24% of all scientific concepts and therefore is one of the most prominent concepts and water as a solution
for extinguishing a fire which was named 25 times and makes 21% of all scientific concepts. A lot of other
examples for a burning material were also named (paper, coal and hay), but surprisingly the candle or the burnt
wax was only named three times. Even two children noticed that a fire needs a temperature for burning and 12
named a source of ignition like lighters or matches.

Sensitive perception: The most frequently named sensitive perception was fire is hot (named 55 times). 9 times
the generated heat was mentioned.

Destruction and dangerousness: The most important thing the students named under this aspect was that fire is
dangerous and not that it can be dangerous if handled wrongly. They also mentioned fire to be deathly.
Description of the phenomena: Often the students knew that a fire has a flame (named 21 times) and smoke
occurs (named 23 times).

Own experiences: What is outstanding within this class is the experience of getting burnt.

Aesthetic dimensions: Students often described the fire with certain qualities of colour and smell.

Institution fire station: Almost all students named the fire station and their responsibility for extinguishing
fires.

Word associations: Special German words are mentioned like the fire station, but rarely.

Historic dimension: Twice the invention of fire by prehistoric men was mapped.

It is not surprising that elementary school students have more everyday concepts than scientific concepts.
Remarkable, but well in line with other research findings is the fact that there is a dominance of concepts that
describe fire as being dangerous and destructive (Prieto et al. 1992; Rahayu et al. 1999). These concepts even
outweigh concepts that are based on own experiences. Working with scientific experiments can help to fill the
gap of own experiences and can also influence the strong believe that fire is dangerous. Maybe making
experiments can even help regarding fire as less dangerous if handled well and that it requires certain care.

The collection of “scientific” and “everyday” concepts through the research method of Concept Mapping
and their utilization for Educational Structuration in the sense of the model of Educational Reconstruction has
been innovative. Through the results, the effect of emotional affected concepts in this specific content and their
great influence on learning processes could be demonstrated.

2.3 Concept Mapping as the subject matter of the inquiry — efficiency of Concept Maps for elementary
school students

In the past, the method of Concept Mapping has been proven to be very effective for adult learners (Juengst
1995; Bernd et al. 2000) as well as for the use of learning strategies (Fischer et al. 2000) and diagnostical
knowledge research (Stracke 2003; Weber et al. 2000). Contrary to some assumptions, even young children are
able to produce meaningful concept maps (Novak et al.1983; Novak et al. 1984).

According to this, the third research question focuses on whether elementary school children learn more
efficient by using networking learning methods such as Concept Mapping.

Students’ cognitive abilities were investigated with the CPM-Test (Coloured Progressive Matrices by
Raven). In form of guided inquiry learning, the students acquired the underlying chemical concepts of the topic
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burning and combustion which was embedded in an excursion to the students’ chemical laboratory
(,CHEMOL*") at the University of Oldenburg.

Subsequent to this, two cognitively homogeneous groups recorded their knowledge by either taking
traditional keyword-list’ (group A) or building up a Concept Map (group B)’. A follow-up multiple-choice
knowledge test two weeks later was handed out to show the students overall conceptual understanding.

A quantitative evaluation analyses which of the two groups, the keywords-list-group or the Concept Map
group, has learned more effectively than the other group. Therefore all data have been investigated with a
specific score-code: In the key-word group all concepts have been counted, then the occurring misconceptions
have been pointed out and finally the scientific concepts, which were taught in the intervention, have been
counted. The same has been done for the Concept Mapping group, but additionally the frequency of cross links
has been scored. These results have been compared with the data collected from the knowledge test by
correlation testing. The following charts show an example of a before- and after-intervention Concept Map with
the detected scoring:

Translation:

Rot —red

ist - is

Feuer — fire

Feuerwehrauto — fire engine
kommt zum — comes to
Feuerwehr — fire brigade
bekdmpft — fights against
ist das Gegenteil von — is the
opposite of

dunkel — Darkness

Rauch — smoke
Feuermelder — fire detector
geht an bei — sounds the
alarm when

Scoring:
All: 7

Scientific Concepts: 0
g Misconceptions: 0
Crosslink: (7+1) 8

Figure 2: Max Concept Map before intervention

The most interesting results were the fact that the amount of used scientific concepts within the Concept
Maps correlate positively on the score of the knowledge-test (r=.30* N=48). And the level of networking within
the Concept Maps also correlate positively on the score of the knowledge test (r=.80** N=17). While the results
show that the level of cognitive ability of the students had no influence on the possibility to learn effectively
with the method of Concept Mapping it can be used in educational surroundings to emphasize the scientific
concepts and their function for burning processes. The degree of deeper understanding can be promoted through
a directed use of certain concepts and the intention of maximum linking. How to force those processes without
disturbing the process of construct knowledge is not yet defined.

! CHEMOL is a interdisciplinary project where elementary school students learn science concepts by doing experiments in a
chemical laboratory.

% Key-word list means a linear list with related words and associations. They are not connected with each other in any
traceable way.

® The methods have been introduced and used for several other topics with the test persons. One can say that all probands
could handle the method of writing a key-word list and creating a Concept Map very well.
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Translation:
Kohlendioxid —
Carbondioxide
Vernichtet - extinguishes
Schaum — foam
benutzt — used by
erstickt — chokes
braucht — needs
Brennstoff — burnable
material

Sauerstoff — oxigene
Hitze - heat

Scoring:
Figure 3: Max Concept Map after intervention All: 7

Scientific Concepts: 5
Misconceptions: 0
Crosslink: (7+1) 8

3 Summary and Outlook

Based on the model of Educational Reconstruction an Educational Structuration forms the aim of this research
work. Therefore the research object had to be examined from different perspectives. Different perspectives
required different evaluation methods which evoked successively from the object itself. Alongside hermeneutic
text analysis and inductive content analysis the study required quantitative analyses. To meet the requirements
of the research interests a triangulated design (Flick 2004) was necessary and has proofed its value.

The investigation of the students’ preconceptions brought up several hints to tie up to. Together with the
predictions of the experts the aim is to find guidelines for the work with elementary school students where their
special pre-knowledge is to be considered and included into the didactic requirements given by the experts.

The investigation showed that using Concept Mapping as a learning method can have a positive effect on
learning science in this specific content, because of the advantages in “usage” of learned concepts as well as the
level of networking concepts which showed a positive effect on keeping in mind and understanding of new
learned concepts. In this sense, Concept Mapping can be proposed to be an effective learning tool to

* support processes of accumulation of (scientific) concepts. Rote learning can be counteracted through
Concept Mapping as concepts must be included meaningfully,

* visualize learning processes in a traceable and transparent way. In the function of being a diagnosis
instrument for teachers and researchers, Concept Mapping can be used to show changes or variances at
different times of the learning process as well as misconception and the level of severity can be
revealed.

The topic burning and combustion implies several difficulties for young children. In terms of science
content for elementary school students scientific knowledge can not in any case easily been achieved through
experiments only but requires the use of abstract model concepts® (Harrison et al. 1996) as the experts also
advice. The analyses of the students’ conceptions showed a big variety of scientific as well as everyday
concepts. These concepts are often presented parallel to each other and seem to have no further connection
which can be impressively demonstrated through the concept maps of the students. For educational purposes the
idea of practical examination through experiments leads to:

a. Give students the possibility to get to know and to use scientific thinking and abstract models of
explication,
b. Learn scientific concepts meaningfully and integrate them into existing knowledge structures,
c. Extend the students’ experiences with fire, which might positively influence their conceptual
understanding and emotional access towards fire.
The method of Concept Mapping will form the promoter for learning concepts more efficient and therefore
more lasting.

* These models can be described as rather simple and mainly initiate the micro-macro way of thinking in science.
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