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Abstract The aim of this approach is to support chemistry teacher students to better interconnect chemical
contents during their studies. This is focused on university level and thereby referred on university course contents
as we assume that at this point students are missing relevant interconnections among chemical subdisciplines.
Therefore, we developed and tested a tool to better demonstrate the interconnectedness of chemistry topics. In a first
step, an advance organizer in the form of a concept map was designed to help students to realize and internalize
connections between chemical topics. The design of the concept map focusses on the required contents for
prospective high school teachers. A case study was performed to investigate the effect of these concept maps on the
students’ awareness of interconnections and their understanding of interconnection. They were interviewed,
performed eye-tracking while working with a concept map and created interconnecting tasks to see if they could
adapt the idea of interconnection. Additionally, the students had to write a learning diary based on key question
during the whole length of the study. First results are available and will be described in this article.
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1. Introduction

Chemistry education students are not only meant to
learn and understand chemistry contents but at the same
time they are supposed to learn how to teach chemical
contents in their future class. Therefore, the German
curriculum - later in school - acts as a support by clearly
defining the contents to teach and serving as a well-
structured guide for teachers. But it also contains some
basic, overarching principles that should be taught and
that touch different subdisciplines of chemistry and
combine them. By this, the curriculum demands to teach
chemical contents in an interconnected way, which —
according to literature [1] - newly-teachers are not well
prepared for. It can be assumed that if interconnection is
not gained by prospective teachers in university already, it
will less likely occur in their school lessons later. In
addition, in our teaching we were able observe general
difficulties of our students’ understanding — not only in
terms of a lack of interconnections, but also to some
extent related to scientific incorrect classifications of
contents and therefore incorrect interconnection in
particular. For example, the basics of infrared (IR) spectra
are originally located in the area of physical chemistry, but
our students encounter them for the first time in a seminar
of organic chemistry. That is why they tend to classify IR
spectra to organic chemistry only (this was seen in a

previous seminar, where students were asked to create
their own concept map).

2. Theoretical Framework

2.1. Interconnection

The interconnection of (specific) knowledge is
described as “the inclusion and coordination of topics
already dealt with” [2]. According to this, the contents of
subjects should not be viewed isolated but are in
reciprocal relation to each other — as well as to prior
knowledge [2].

The interconnection of knowledge can be classified into
two categories: The vertical interconnection on the one
hand and the horizontal interconnection on the other hand.
Whereby the vertical interconnection means intra-subject
and chronologically consecutive interconnections and
the horizontal interconnection means the inter-subject
interconnection, both mostly occurring parallel [2].

2.2. The Importance of Interconnection

For chemistry teacher’s training the ‘Conference of the
Ministers of Education in Germany (KMK)’ stated that the
students “are able to structure chemical areas by
identifying coherent questions, interconnections and
establish references to school chemistry and their
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development.” [3]. The acquisition of interconnected
content knowledge seems to be of particular importance to
future teachers as the quality of future teaching is closely
linked to teachers’ professionalism: “Those who can, do;
those who understand, will teach” — “to teach is first to
understand” to this short formula, Shulman [4] brings
the connection between the professional knowledge
of a teacher, his teaching and the importance of his
training (“first to understand™). Shulman has divided this
professional knowledge into a total of seven categories
whereat the three dimensions of content knowledge (CK),
pedagogical content knowledge (PCK) and pedagogical
knowledge (PK) are mostly focused at in investigations
[5]. According to Shulman, content knowledge is
composed of different aspects: it is a multifaceted
understanding of a given content and brings alternative
explanations along, that are influencing the learners
understanding considerably [4]. “This [...] places special
demands on the teacher’s own depth of understanding of
the structures of the subject matter” [4]. In Shulman’s
definition of content knowledge, the interconnection of
given contents is therefore already implied [4]. Borowski
assumes that “content knowledge forms the possible frame
for the development of pedagogical content knowledge for
a successful class” [5], an assumption which is supported
by Kirschner [6] and is in line with earlier results of
Fischer et al. [1]. According to them, a lack of
interconnection of a teacher’s scientific offer or rather a
lack of fit in the extent of interconnections between the
teacher’s offers and the learner’s demands is a crucial
factor for low increase in knowledge of a learner and thus
directly influences the learning efficiency. This can be
explained by the assumption that isolated, poorly
interconnected knowledge of single facts is forgotten
much more quickly than knowledge which is complexly
processed and correspondingly well integrated into one’s
own concept [2]. So, we can summarize, that the
interconnectedness of the teachers own content knowledge
plays an important role in teaching. In this context,
Shulman rises the important question which price would
have to be paid if the professional competence of
the teacher itself is to be regarded as limited due to
deficits in his own training and thereby lacks relevant
interconnections of the scientific contents [4]. The fact
that this is not a theoretical question, but describes a
real problem, is shown by Lorentzen et al. [1]. They
identified that student teachers are often lacking relevant
interconnections of the curricular contents for their future
school lessons, so they tend to lose perception of relevant
contents, especially the subject contents [1]. This leads to
the presumption that students are already having troubles
in their own role as a learner in interconnecting content
knowledge. For chemistry teachers-to-be, the traditional
sub-areas of chemistry (inorganic, organic and physical
chemistry) are usually taught separately during their
studies, whereas a chemical phenomenon will never be
explained holistically by looking at only one of those
areas. It rather needs an interaction of the sub-areas and
their respective concepts to fully understand a
phenomenon — and hence students are often left alone with
the work of bringing the perspectives together in an
interconnected way in their framework of knowledge.
Although the aspect of interconnecting content knowledge

already is of great importance in the training of aspiring
teachers, there are very few projects working in this area.
While we are focusing on the university level and the
teacher-to-be as learners themselves, the other approaches
in this area often directly include school-teaching, like
Eghtessad & Borchert [7], who are working on
arrangements to better interconnect chemical contents
with the contents to be taught later in school.

2.3. Understanding of Interconnection
in This Project

In relation to this research project, the vertical
interconnection can be seen as the interconnection within
one chemical subdiscipline (e.g., organic chemistry)
whereas the horizontal interconnection can be seen as the
interconnection between two chemical subdisciplines (e.g.,
organic, and physical chemistry). Furthermore, interconnection
can be understood as the “transfer of knowledge”
from one discipline of chemistry to another, i.e., that
content/knowledge from physical chemistry is used to
explain phenomena from organic chemistry (e.g., color of
organic molecules is explained with knowledge/concepts
from physical chemistry). That means that explanatory
approaches from physical chemistry are transferred
and applied to organic chemistry to adequately explain
(in this example) the color. Whereas giving this
explanation is ‘doing’ or ‘using’ the interconnection, the
recognition of the interconnection done/used and the
awareness of its necessity is labelled as ‘the understanding
of interconnection’ in our project.

Aims of our project:

1. Developing an intervention to help students to
understand and to use interconnections of chemical
knowledge.

2. Evaluate the effects of the approach developed.

3. Methodology

3.1. Intervention

3.1.1. Advance Organizer

In order to generate knowledge which is stable,
interconnected and therefore permanently available, an
effective transfer into the long-term memory is required.
To this end, we have used the assimilation theory developed
by David P. Ausubel [8]. The assimilation theory explains
the process of integrating new knowledge into a learner’s
cognitive concept [8]. The theory assumes that learning
takes place through the development of new cognitive
structures that contain the newly learned information [9].
According to Ausubel, the cognitive structure is defined as:
“individual’s organization, stability, and clarity of
knowledge in a particular subject matter field at any given
time. And it is hierarchically organized in terms of highly
inclusive concepts under which are subsumed less inclusive
subconcepts and informational data” [9]. According to
Ausubel’s view, the hierarchical arrangement of
knowledge is comparable to the construction of a pyramid.
The further at the top of the hierarchy such a concept is,
the more “simple/basal” and also more durable it is. More
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complex concepts are correspondingly further down in the
hierarchy, as they require more “space” on the one hand
and represent deep knowledge on the other hand (deep
knowledge means more deeply anchored in the hierarchy).
New knowledge is aligned in this hierarchy by a specific
process, called ‘subsumption’. In the course of the
subsumption the new knowledge is connected to the
already known concepts, i.e., the previous knowledge.
These spots to which new knowledge is connected or
anchored are the so-called “subsumers”, which serve as
anchoring sites in the existing concepts. An important and
sometimes controversial [10] approach of Ausubel’s theory
is the advance organizer. The advance organizer is
intended to serve as a tool that is used before an
instruction is given to act as a bridge between what the
learner already knows and what he should learn in the
future [11]. An advance organizer should help to show the
learner where new information can be incorporated in
relation to the prior knowledge of the respective content. It
can therefore make clear which existing subsumer is the
most useful for adding of new knowledge. In addition, it
can also help to replace a learner’s missing concept, i.e.,
anchoring sites, in order to enable the learner to connect
new information nevertheless [9].

3.1.2. Concept Map

An already proven form of an advance organizer is the
concept map method developed by Joseph D. Novak in
1972. A concept map serves as a graphical tool to organize
and present knowledge in a structured way [12]. It includes
concepts and make their relationships clear through
connections. These concepts should be structured as
hierarchically as possible [13]. Similar to the hierarchical
organization in Ausubel’s assimilation theory, a more
general concept is at the top, with the more complex and
more specific concepts placed on the lower levels. Concept
maps can thus ensure to form a template for the organization
of knowledge and help to structure the knowledge accordingly.
In particular, they can ensure that different contexts are
easily correctly assigned to a phenomenon and can
ultimately prevent the emergence of misconceptions
among learners [12]. Interconnected learning with concept
maps can ensure cumulative learning [2]. International
studies, especially in the USA, have shown that advance
organizers in the form of concept maps have a positive
effect on the understanding of chemistry [14]. Some of
these studies have investigated the effectiveness of
concept maps in relation to the interconnection of
chemistry and other natural sciences, such as biology [15],
or concepts of chemistry (binding + electrons, electronegativity,
binding geometry, etc.) [14]. However, the interconnection of
the chemical subdisciplines themselves, i.e., interconnections
between inorganic, organic and physical chemistry,
seemed to be left out so far. Therefore, in this project
concept maps shall be used as means of intervention.

3.2. Evaluation
3.2.1. Categorizing Interconnection and the
Understanding of Interconnection

According to the definition of interconnection in this
project, there are two separate aspects that are to be

examined more closely in this work — the interconnection
on the content level and the understanding of
interconnection. These aspects are separate in the way that
being able to use interconnected chemical knowledge does
not guarantee that one really is aware of having used
interconnections as well as the other way around: knowing
about the interconnections of chemical subdisciplines does
not necessarily mean that one is able to use interconnected
knowledge adequately. In other words, an adequate
horizontal interconnection of contents does not ensure that
the understanding of interconnection is as adequate. In
order to finally bring both aspects together, there are four
theoretical categories of how students could deal with
interconnections that are important:
1. Interconnection adequate (IA)/Understanding of
Interconnection adequate (UIA)
2. Interconnection adequate (I1A)/Understanding of
Interconnection inadequate (UII)
3. Interconnection inadequate (I1)/Understanding of
Interconnection adequate (UIA)
4. Interconnection inadequate (Il)/Understanding of
Interconnection inadequate (UII)

3.2.2. Interviews

A major aim of this approach is to find out whether
the interventions we have developed have a positive
effect on the interconnection and the understanding of
interconnection among students. Therefore, it is important
to first gain an insight into the personal perception of the
students and at the same time to follow the students’
development  regarding  their  understanding  of
interconnection. Both should serve the purpose of being
able to assess whether our Concept Maps are actually able
to serve as a suitable help for interconnecting chemical
contents and whether the interconnections can be made
more accessible to students in the long term. Interviews
are a suitable method for examining these inner processes
in individuals [16]. They offer the opportunity to follow
people’s train of thoughts and, in particular, to understand
them. This understanding of what is perceived by the
participants can provide information on how (in this case)
a tool can be designed to improve understanding of
interconnection, and whether the materials that have
already been worked out — Concept Map — are perceived
as being helpful [17]. To that end, a guided interview was
chosen in order to produce data that are comparable
between the individuals interviewed [18]. From the
developed key questions, categories were deductively
developed and used to qualitatively evaluate the
interviews according to Patton [19].

3.2.3. Learning Diaries

In the learning diaries, students should independently
reflect on their own learning processes with regard to the
intervention for interconnecting chemical contents.
Learning diaries were used in addition to the interviews to
make the inner processes, to which access is usually
difficult, better available for us [20]. During the interviews,
students may feel overly scrutinized and experience a type
of stress that may lead to more reserved responses. Like
the interviews, the learning diaries are qualitatively
evaluated following Patton [19]. For the purpose of
triangulation [21], the same categories are used as a basis,
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which at the same time leads to the results being backed
from different perspectives (interview statements and
learning diary statements).

In addition, the learning diary as a method can serve
both as a measurement tool and as an intervention itself
[20]. By being asked to reflect on their own learning
behavior, the students are offered a stimulus through
which their own behavior can be viewed critically. In this
way, one’s own strategies can be automatically evaluated
and filtered according to successful and unsuccessful, so
that the learning diary itself has an effect in the sense of an
intervention [22].

3.2.4. Eye Tracking

In order to better understand possible effects of using
concept maps to foster the perception of interconnections
in chemistry it may be crucial to know how learners
perceive the concept maps themselves and whether and to
what extent the way students work with the concept map
is related to their interconnection and their understanding
of interconnection. Various studies provide indications
that the individual handling of materials (whatever kind)
has an influence on the learning process or rather on the
metacognitive activation of the students [23]. For example,
Madsen et al. show that students give correct answers to
problems when given a certain order of cues, while
students without given cues tend to give wrong answers
[24]. Chen et al. were also able to show in their study that
the specific order of the fixations (i.e., a point that is
actively looked at) has an influence on the correct results
of the students [25]. This means, by a look at the literature
it is reasonable to assume that there could be a relation
between the way students work with the concept map and
their interconnection and their understanding of
interconnection. To record the way students work with the
concept maps they were individually eye-tracked while
using it. As we are interested in how the students are
working with the concept map, we focused on their gaze
paths, i.e., from which areas of interest (AOI) to which
AOI they are looking instead of producing a heat map. As
we are interested in the students’ pathways, the possible
pathways were categorized as well. We distinguished
between a total of four categories for the pathways:

++ path of interest, direct relation (i.e., structure to

reaction)

+ relation existing - intermediate

kinetics to thermodynamics)

O relation to guess, at least one relevant explaining

step is missing (i.e., properties to reaction)

relation (i.e.,

Theoretical
Input

First Eye

Interview

Tracking

- no helpful relation between the AOI’s” (i.e.,

structure analysis to chemical equilibrium)

The students’ pathways are assigned accordingly to the
categories and the hits per category are being counted and
then compared to their designated interconnection
category that are based on an initial analysis of their first
interview and learning diaries each. The next step is to
analyze their eye tracking results.

3.2.5. Interconnection Tasks

At the end of the study, the students were asked to
design so-called interconnection tasks themselves. They
should select an experiment that requires contents of
organic and physical chemistry in order to be explained
holistically. For this purpose, tasks should be formulated
in a way that interconnection is cognitively stimulated
without being explicitly mentioned. The content of the
experiment or rather the tasks should focus on university
level. In addition, the students should justify their choice
both professionally and educationally.

On the basis of these interconnection tasks, it is finally
analyzed which effect the interventions and the use of the
advance Organizer in the form of the concept map have on
the students’ interconnection and their understanding of
interconnection.

With regard to interconnection, the tasks are analyzed
to see whether the interconnection itself is technically
correct. In order to analyze the understanding of
interconnection, it will be examined whether the
interconnection tasks are cognitively activating, i.e.,
whether the interconnection is stimulated by the question
itself. The tasks will further be examined in a seminar in
the summer semester of 2023.

The interconnection tasks in this study primarily serve
to evaluate the interventions, but such tasks developed by
students themselves can also serve as an intervention itself
in order to build up in-depth knowledge [26].

3.3. Case Study Design

As the expected effects address the interconnectedness
of the content knowledge in the students’ minds the most
meaningful way of evaluation is a detailed exploration
[27]. Therefore, we decided to carry out case studies to
evaluate the effect of the measures on individual students.
The case study was designed as shown in the figure
beneath. So far, in total six students of different years
participated during approximately ten weeks in December
2020 and January 2021.

Second
Interview

Third
Interview

question to answer

Time to prepare a learning diary (after every step the students get a key

Participants: 6 Students of different years, during roughly

10 weeks

questions on university level

Task: develop interconnection >

Figure 1. Case Study Design
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4. Results

4.1. Intervention

4.1.1. Concept Map

The initial plan regarding the design of the concept map
was to create a concept map which interconnects all
three chemical-subdisciplines (i.e., organic, physical, and
inorganic chemistry). Since it turned out that this approach
was more complex than expected and would have needed
much more time, a concept map only for the two chemical
subdisciplines physical and organic chemistry was created.
It is important that the concept of interconnection becomes
clear and interconnecting only two subdisciplines still
serves to cognitively activate this concept. This means, by
deciding to create a concept map only interconnecting two
subdisciplines, we should still be able to measure an effect
- if present. Nevertheless, while creating the concept
map emphasis was placed on scientific depth since the

American Journal of Educational Research

subsequent interconnection of the subdisciplines can often
not be seen in the context of a superficial but only in a
more detailed examination of the topics. This concept map
shows, for example, how the individual subdisciplines can
jointly help to clarify the structures of compounds, as well
as their properties and reactions. The contents of the
concept map are based on an analysis of relevant national
and international specialist literature, which was compared,
summarized, and transferred accordingly to the concept
map. Another important point was to integrate Ausubel’s idea
of a hierarchical order of the contents since the concept
map is meant to serve as an advance organizer. To create
such an arrangement, the concept mapping tool ‘Xmind’
was used. An important feature of this concept map is that
it is multilayered, so that by clicking on a concept students
can obtain a concept map giving details to this very
concept. These layers can be perfectly (inter-) connected
with each other. This feature makes it easy to show the
specific interconnections of the contents without the concept
map becoming too overloaded and thereby confusing.

[ Organische und physikalische Chemie ]|
|
g e v ] :
C=y3 iy G
=
[ e < ]
I = =
l Click on bonding types
[ —— = - ]
o=y
L ——
==
ey
L — ]

@1

= _
1> o 3
==
o

Click on molecule orbital theory

s ® |

Figure 2. Example of the concept map
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4.2. Evaluation

4.2.1. Interconnection Categories
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Based on an analysis of the first interview and the first entries in the learning diaries the participants were assigned to
an interconnecting level in each category. So, we have Lara (names are anonymized) in category IlI/UIA, Pia in category
[1/UII, Olivia in category 11/UIA and Frida in category IA/UIA, assigned according to the following reasons:

Table 1. Assignment of the students to the categories. LD = Learning Diary; | = Interview
Interconnection Understanding of interconnection
Adequate Inadequate Adequate Inadequate
. Theoretically explains
Lara LD Nocgggrritt:; ;exs;):::)tllgsly interconnectjons adequately
I (horizontal)
UIA No clear classification emerges from the interview, as she says that she only noticed a few things that she already knew.
| However, she does not go into detail about the interconnection she is already familiar with but remains very general in her
statements.
Incorrect example of Descripes interconqection
LD the Monte-Carlo as the |ntercon_nect|0n of
' method everyday_llfe and
Pia chemistry
1 Describes No classification of the understanding of interconnection
ull interconnections as the emerges from the interview since she does not go into it or
| occurrence of one topic | does not give any indication of it. However, since she initially
on another discipline assumed “overlaps in terms of time”, it can be assumed that
(too superficial) she has no understanding of interconnection (so far).
She recognizes that lateral
interconnections are more
prominent and horizontal ones
LD No concrete examples. are rarely mentioned by
lecturers and are difficult for
students to recognize.
She lists various
Olivia examples of topics

1] which occur in different
UIA disciplines of
chemistry. The named
| examples contain

interconnections, but

she doesn’t go into
detail, so it is less clear

of she understood
interconnection as such.

Since the student only lists contents in the interview that she
has perceived in various courses, no precise statement can be
made about her understanding of interconnection based on the
interview. However, it is striking that she is strongly
influenced by the idea of the modules and does not combine
knowledge from different lectures or models herself.

She names concrete and
adequate examples (e.g.,

She describes the problem
concerning horizontal

LD photochemistry as an . -
. . - interconnections at the
Frida interconnection between universit
1A physical and organic chemistry). 4
UIA The student recognizes that

The examples named by the
| student are explained and
assigned correctly.

phenomena can be described
and explained more clearly with
the help of interconnections.

4.2.2. Interview Excerpts - Frida

Excerpt Interview #1 (translated from German):

Interviewer:

Have you noticed any overlaps in the courses you have
taken during your studies?

Student:

uh yes, | was able to find overlaps with PC and uh OC 2
[PC: physical chemistry; OC: organic chemistry], i.e., in
the photochemistry lecture, uh, so photochemical overlaps
uh otherwise hm so in chemistry education, of course,
there are often references to the technical subdisciplines,
S0 to speak, and there you still have references anyway to
what you had from OC, AC or PC and | can't think of
anything else.

Excerpt Interview#2 (translated from German):

Interviewer:

Would you say that your own understanding of
interconnection changed after you used the map?

Student:

Definitely! Well, beforehand | would not have
thought so consciously about the extent to which
the individual things are interconnected with each other
and that's why | also think that 1 understand the whole
thing a little bit better through the interconnection, so to
speak.

Excerpt Interview #3 (translated from German)

Interviewer:

(...) You have now dealt intensively with interconnection
yourself. And now, of course, | would be interested in
whether this has changed your attitude towards the
understanding and meaning of interconnections. Could
you elaborate this in terms of a learner’s and teacher’s
point of view?

Student:

(...) For me as a learner these interconnections are (...)
helpful for understanding chemistry and the content
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knowledge underlying it much better, so that | [uh] can
explain it better (...) That means that | have a better
content knowledge or a better understanding which is
beneficial for me as a teacher in school anyway, [uh] that
on the one hand | am confident in my content knowledge
and know how everything works [...] and then of course
that |1 can also pass on the correct understanding to
students (...).

4.2.3. Eye Tracking

The analysis of the gaze paths described above (4.5.
Overview — Eye-Tracking) results in a bar chart for each
participant as shown for Pia and Frida beneath:

Pia I1I/Ul1
100,00%
90,00%
80,00%
70,00%
60,00%
50,00%
40,00%
30,00%
20,00%
10,00%

0,00% -

Figure 3. Pia’s Hits per category

Table 2. Pia's Hits in total in percent

Pia Hits in total Hits in %
++ 13 40.63
+ 7 21.88
(¢} 1 3.13
- 3 9.38
other 8 24,98
Frida IA/UIA
100,00%
90,00%
80,00%
70,00%
60,00%
50,00%
40,00%
30,00%
20,00%
10,00%
0,00% _—
++ + 1]

Figure 4. Frida's Hits per category

Table 3. Frida's Hits in total and in percent

Frida Hits in total Hits in %
++ 53 64.63
+ 7 8.54
O 5 6.1
1 1.22
other 16 19.51

5. Discussion

5.1. Evaluation

5.1.1. Interconnection Categories

The results of our evaluation so far clearly show that
on the one hand students do have different ideas and
preconcepts about interconnection and it’s understanding
and on the other hand that it is possible and appropriate to
assign students to the defined categories concerning
the use and the understanding of interconnection.
We could also proof our assumption that an adequate
interconnection does not ensure that one’s understanding
of interconnection is as adequate: we found two cases
(Lara and Olivia) who’s interconnection is assigned to be
inadequate but their understanding of interconnection each
assigned to be adequate.

5.1.2. Interviews

Frida’s answers in the first interview excerpt shows
what we already expected and therefore constitutes the
reasoning for this approach: Most students only tend to
notice the most obvious interconnections between
chemical subdisciplines as this was the most common
answer to this question but also tend to neglect less
obvious but not less important interconnections.

The statements presented show that Frida thinks that
dealing with our concept map is being helpful to better
perceive and understand interconnections and to feel more
confident in the broad field of chemistry according to
future teaching. This trend was also seen in the interview
statements of the other participants, so we can actually
say that within our case-study working with a concept
map had a positive effect on the students’ ability to
interconnect knowledge or rather the chemical
subdisciplines and their understanding of interconnection.

5.1.3. Eye Tracking

Looking at Pia and Frida (as an example) we can state
that there are differences between the participants eye
tracking results (for the first level/page of the concept map)
and their interconnection/understanding of interconnection
category. Frida stayed much longer on the first level than
Pia did, which resulted in more total hits for Frida. A look
at the hits’ quality shows that compared to Pia that
Frida has more ‘++hits’ and less ‘-hits’. Frida is
assigned in the categories interconnection adequate and
understanding of interconnection adequate whereas Pia is
assigned to both as inadequate. Comparing Pia’s and
Frida’s assigned categories with their eye-tracking results
indicates that there is a correlation between their
interconnection/understanding of interconnection category
and how they work with the concept map. The eye
tracking results of Olivia and Lara also support our
findings.

6. Outlook

The results show that the concept map itself is
being helpful for students’ interconnection and their
understanding — at least for the students who participated
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in this case study. So, a next step would be to examine the
effect of the same concept map on a larger group of
prospective chemistry teachers to be able to make a
general statement about its effect. Another future project
could be to examine the question whether there is a need
of help to work with the concept map adequately and how
such help could possibly look like to be effective.
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