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Abstract: Concept mapping is a popular tool for knowledge structure assessment. In recent years,
both the amount of research about concept maps and their measurement ability have grown. It has
been shown that concept maps with different types of tasks, for instance, links between concepts
given or selected by a respondent, provide information about the different aspects of students’
knowledge structure. This study explores features of concept mapping with and without a list of
concepts. At first, eleven masters students constructed concept maps with a topic on statistical
data analysis and, after three weeks, repeated the task with the same topic and a predefined list
of concepts. Both types of concept maps were evaluated using traditional scoring indicators and
indicators from the network analysis. All indicators were tested for significant differences, and then
the content of these maps was analysed. Results show that the list of concepts forced respondents
to construct more connective maps, which is related to a more developed knowledge structure.
Moreover, it is easier for them, when including even abstract concepts, to define their role in the
domain. However, respondents use concepts and group them in different ways depending on the
instruction. It seems that respondents feel a “list stress”, which leads to differences in the content.
These findings demonstrate the possibilities of using different concept mapping tasks for learning
and assessment.
Keywords: concept maps; statistics; knowledge structure; formative assessment; network theory

1. Introduction
Knowledge structure development is an important result of learning and education.
The meaningful learning theory states that students more efficiently embed new concepts to existing
knowledge structures [1]. Novak expanded upon the idea of meaningful learning, but faced the issue
of knowledge structure measurement [2]. For the effective implementation of new information, it is
crucial to measure how previous concepts are organised. To overcome this issue, Novak and his
colleagues developed the concept maps method [3].
A concept map (CM) is a graphic representation of the relationship between concepts and processes
related to a particular subject area. The CM consists of nodes (concepts) and their relationships,
or edges. Research shows that concept mapping is an effective teaching strategy [4–6] as well as a
useful assessment tool [7–9].
CM assessment differs in task, format, and scoring method [8]. CM tasks can vary by degrees
of directedness [10,11]. There are two main types of tasks for constructing CM: the concepts may be
predefined for respondents (CMs with a list of concepts) or respondents may have only the topic and
retrieve concepts from their memory (CMs without a list of concepts).
The issue is that possible differences may exist between the maps constructed with these two
approaches and their interpretation. Previous studies focused on differences in CMs with forced
vs. retrieved links, or labels of links, when the concepts were specified beforehand [12,13]. These
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studies show that different mapping tasks provide information about the different aspects of students’
knowledge structure. Even manipulation with “How” and “What” in a focus question can lead to
different results [14].
However, what has not previously been investigated is the difference between CMs with a list
of concepts and a topic and with just a topic (with and without the list of concepts). However, in
the wide range of concept mapping tasks, these two are more commonly used [15]. In this paper
we explore differences between concept mapping with and without a list of concepts using data
from master students who drew CMs on the topic of data analysis. The aim of the study is in line
with previous research—“to increase our understanding of how different mapping techniques affect
the representation” [11]. Statistics and data analysis are often used in concept mapping studies
(e.g., [16–18]) because they have terminological agreement and strong theories with abstract and more
technical concepts.
1.1. Concept Maps as a Knowledge Structure Assessment Tool
The knowledge structure reflects previous experiences and, in turn, modulates learning. The
importance of structuring knowledge was noticed by Piaget and Vygotsky. Piaget claimed that
changes in the conceptual structure are the necessary result of such processes as assimilation and
accommodation [19]. New information is assimilated by the existing structure to the extent that the
structure itself is able to assimilate. Vygotsky stated the difference between the evolution of everyday
and scientific concepts: the first one develops from the specific meaning of objects in relation to their
abstract meaning, and vice versa for the second [20–22]. Scientific concepts are often poorly rooted
in real life routine and we should firstly build the structure from very abstract phenomena, and
then refer observed objects and relationships to this structure. Later, pedagogical theories such as
constructivism suggested that an understanding of information implies that new information must be
somehow related to existing knowledge, and the number of links between previously studied and new
information reflects the degree of understanding [1].
In response to the development of such views, methods for assessing the structure of knowledge
began to develop. Traditional methods, such as standardised tests, were unable to evaluate shifts in
knowledge structure, and Novak and colleagues, through clinical interviews, developed a method
based on graphical representation—concept mapping [23]. CM differs from other assessment tools
(such as tests, problem sorting, verbal messages, diagnostic interviews, etc.) because it allows the
structure and connections between all concepts to be seen and comes directly from the respondent [24].
Concept mapping is a valid, reliable and the most informative method for knowledge structure
assessment [25–27].
For educational purposes, CMs could be constructed by a teacher as a model for students and
by students in groups or individually. For students, the teacher controls the format of the concept
mapping task. CM tasks can vary by degrees of directedness—the extent to which the concepts, linking
phrases and the whole structure are provided to students [9–11,15]. The most undirected task with only
a topic or focus question is very popular [15] and is considered more valid than others because students
should generate a meaningful representation of their knowledge due to high cognitive demand [12].
The next common task is providing a list of concepts in addition to the topic [15]. However, there is
a lack of objective information about differences between results of using various concept mapping
tasks. Although some research has focused on differences in CMs with forced vs. retrieved links or
labels of links when the concepts were specified beforehand [12,13], with forms of predefined structure
and formulation of focus questions [14], the CMs with and without a list of concepts have not been
considered, and existing evaluation approaches are inconsistent.
In using CM as an assessment method, it is important to choose an evaluation approach. Generally,
there are two approaches: qualitative (holistic) and quantitative [7,9,10,28]. The holistic approach is
based on general experts’ judgment about structure quality, its hierarchisation and form (e.g., [29–31]).
The quantitative approach seeks to overcome experts’ subjectivity and formulate their judgments into
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objective indicators. The traditional indicators include the number of concepts, links between them,
and the concept–link ratio as a measure of connectivity [29,32]. Sometimes traditional scoring includes
the proposition accuracy score and rubrics, which are also based on experts’ ratings (e.g., [12,33,34]).
Following the increase in computing power, researchers also use computational theories to evaluate
CMs, such as graph and network theories (e.g., [35–40]). In general, traditional indicators are based on
counting various elements of a CM or simple functions of these elements, while computational theories
are focused on a more complex evaluation of the whole structure and how information is distributed
within the structure.
1.2. Knowledge Structure in Statistics Domain
A lot of knowledge structure studies use statistics as a domain (e.g., [16,18,33,41]). Firstly, statistics
has strong terminological agreement. There are a lot of debates about the specific methods of application
(e.g., factor analysis for binary or categorical data [42–45]), but not about names and meanings of
methods or phenomena. The definition can vary in across different textbooks, but the core features of,
for example, normal distribution, remain the same.
The second reason is strict theoretical underpinning. The descriptive and inferential statistics
derived from probability theory go back more than three centuries. Like any developed theory that
has grown into practice, statistics have very abstract (e.g., probability), more concrete (e.g., p-value)
and specific technical concepts (e.g., null hypothesis, t-test) with established relationships between
them. It is easy to relate this to a model of declarative (conceptual, abstract, theoretical) and procedural
(technical, specific, task-oriented) knowledge [46,47]. This model is often used to show the difference
in novices and experts’ knowledge structures: it has been demonstrated that novices tend to use more
procedural knowledge in their representations [39,47–49].
The third point is the issues with teaching and learning statistics: faulty reasoning [50],
“maths-phobia”, statistics anxiety and negative attitude towards statistics [51], and the focus on
mathematical grounds and calculations [51,52].
At the same time, researchers note the deficiency in approaches for assessing statistical reasoning
and information structuring [41,51–53]. Therefore, methods such as concept mapping will be very
informative in teaching statistics research and in providing revealing findings by using the well
described domain of statistics.
The research question of the current study is: how do CMs with and without a list of concepts
differ in terms of structure characteristics and core and technical concepts using? To address this
question, the following research hypotheses are stated:
Hypothesis 1 (H1): the values of the structural indicators are the same for both instruction types.
Hypothesis 2 (H2): students use more technical concepts in instruction without a list.
Hypothesis 3 (H3): students use and group core concepts irrespective of the type of instruction.
In this study, we examine structure and content features of CMs with and without a list of concepts.
With this aim, CMs of the same students were analysed using quantitative and qualitative approaches.
The quantitative approach was based on indicators from traditional scoring and network theory to
evaluate structural features. The qualitative approach was conducted for content analysis and was
based on concept type and community detection.
2. Materials and Methods
2.1. Data Collecting
The study involved eleven masters students. All of them took an annual course on basic methods
of data analysis (introductory statistics) and worked with statistical packages during the course. None
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of the students had a job or any professional experience in data analysis. None of the participants
had any experience with conceptual maps. The study took place in two stages. In the first stage,
2 months after the course finished, participants received written instructions to construct a CM on the
topic “Statistical Data Analysis”, without any additional information (CM without a list of concepts)
(Appendix A). In the second stage, 3 weeks after the first stage, the participants received the same
instructions, but they were also asked to use a list with 25 concepts (CM with a list of concepts)
(Appendix A). Students could add no more than two concepts to the list themselves. At both stages,
students constructed CMs individually on a sheet of paper using a pen. Then, students’ maps were
translated to English and transformed into an edge list.
The list of concepts was constructed based on the course curriculum and previous research about
core statistical concepts [39,54,55]. The following nine concepts were considered fundamental in the
study: significance, sample, population, distribution, hypothesis, data, analysis, method, and the
research question. To test H3, one fundamental concept (significance) was excluded to see whether
students would add it to the list. The list included both technical concepts (e.g., specific methods)
(eight out of 25, 32%) to reflect the procedural knowledge and more abstract concepts to reflect the
declarative knowledge.
2.2. Analysis Strategy
The direction of each connection between concepts was not considered and undirected networks
were used. Also, labels of links were ignored.
For the quantitative part of analysis (H1), traditional and network indicators of CMs without
and with a list of concepts were compared using t-test. Traditional indicators were chosen in line
with [39] and included number of concepts and propositions, their ratios (less than 1 is more connected
structure), number and percent of concepts with 1 and 3 or more degrees. Since there is no enough
information about network indicators’ differentiating ability, diameter (average length of the shortest
paths between each two nodes) and the share of diameter (length of diameter divided by the number
of concepts) were used as a measure of structure connectivity based on the theory.
For the qualitative part, one common map from respondents’ maps for each condition (without and
with the list of concepts) was constructed to reduce individual differences and reflect general trends.
Each concept was manually coded as technical (procedural knowledge – specific methods, software or
type of results) or other (more abstract) to test the H2. The number of edges between two concepts
extracted from different maps was used as a weight. Then the weighted closeness centrality was
counted for each concept to test the H2 and H3. The closeness centrality shows how central a given
concept is, relative to the whole network. Finally, communities using the Girvan–Newman algorithm
based on edges betweenness were detected to find out groups of concepts and also test the H3 [56]. All
computations were done in R software using “igraph” and “visnetwork” packages.
3. Results
The quantitative results show that the size of CMs did not change significantly depending on
instruction type: the numbers of concepts and propositions were the same (Table 1). The increase in
the number of propositions was higher, but insignificant. However, the concepts–proposition ratio
decreased significantly for CMs without the list: for this type of instruction, structures were more
connected. The number and the percentage of concepts with one degree was less for CMs with the
list. However, the same indicators for concepts with three or more degrees did not change. In other
words, the rise in connectivity was due to concepts having a middle level of inclusion in the structure
(having propositions with just two other concepts). The diameter was larger for CMs with the list,
although the share in diameter across a CM did not change significantly. Taking all of the above into
consideration, the first hypothesis of no difference was not supported in this study.
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Table 1. Means and t-test results for concept map (CM) instruction without and with a list of concepts,
as well as the experimental conclusions that can be drawn.

Number of concepts
Number of propositions
Concepts–proposition ratio
Number of concepts with
one degree
% of concepts with one degree
Number of concepts with three
or more degrees
% of concepts with three or
more degrees
Diameter
Share of diameter

Without the List
Mean
SD

With the List
Mean
SD

19.55
19.64
1.00

7.74
7.68
0.11

21.18
23.73
0.90

10.91

5.74

53.60

t-Statistic

One-Tailed
t-Test (df = 10)

3.57
4.76
0.10

0.60
1.31
2.8

p = 0.28
p = 0.11
p < 0.01

7.91

3.45

1.81

p < 0.05

14.29

37.58

17.10

3.18

p < 0.01

4.73

2.45

4.64

2.69

0.07

p = 0.47

24.01

6.96

21.25

10.17

0.67

p = 0.26

5.73
0.32

1.79
0.12

7.73
0.38

2.24
0.15

2.8
1.05

p < 0.01
p = 0.16

Regarding the content, 25.4% of the 126 unique concepts were technical if the instruction did
not include the list of concepts (Figure 1). Two of nine core concepts were not used: “sample” and
“population”. The highest closeness values were obtained for three topics. The first was abstract
statistics and its three core concepts: “data”, “statistical analysis”, “methods”, “practice”, “descriptive
statistics” and “results”. The second consisted of terms which are not related to statistics and data
analysis directly: “classification”, “development” and “simplifying”. The last and smallest topic that
obtained high closeness values was technical statistics: “recoding”, and “tables”, which obtained the
highest closeness value within the structure.
Sixteen clusters were found in the network (Figure 2). The biggest one includes 21 concepts,
such as “big data”, “humanities”, “science”, “education”, “algebra”, “theory”, etc. This cluster was
characterised as very common knowledge, representing the foundations of statistics. The next cluster
consisted of 18 concepts (“research question”, “analysis”, “data”, “method”, “variables” etc.) and
described basic definitions in data analysis and some core concepts. The third cluster (14 concepts)
reflected the technical side of data analysis: “dependent variable”, “recoding”, “linear”, “Pearson”,
“assumption”, etc. It is also important to note clusters consisting of hypothesis testing (“H0”, “H1”,
“significance”, “hypothesis”) and “regression” cluster (“nonlinear”, “OLS”, “binominal”).
It was observed than when the list of concepts was provided, students tended to build relationships
between fundamental statistical concepts (Figure 3). While the percentage of technical concepts was
the same—26% of 34 unique concepts (t(148) = 0.12, p = 0.9)—the core concepts (“distribution”, ”data”,
”method” and ”research question”) obtained the highest closeness values, respectively. Students
used all core concepts except the one that was not in the list. The concept “statistical significance”
was not found: none of the students who emphasised this concept without the list used it when
they had the list. At the same time, students added technical concepts (”cluster analysis”, ”ratio”,
”check”), method families (”descriptive statistics”, ”relationship”, ”testing of means”) and abstract
concepts (”conclusions”, ”concepts”). Thus, the second research hypothesis was rejected, but the third
was confirmed.
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Figure 1. CM constructed on all CMs without the list of concepts.
Figure 1. CM constructed on all CMs without the list of concepts.

Sixteen clusters were found in the network (Figure 2). The biggest one includes 21 concepts, such
as “big data”, “humanities”, “science”, “education”, “algebra”, “theory”, etc. This cluster was
characterised as very common knowledge, representing the foundations of statistics. The next cluster
consisted of 18 concepts (“research question”, “analysis”, “data”, “method”, “variables” etc.) and
described basic definitions in data analysis and some core concepts. The third cluster (14 concepts)
reflected the technical side of data analysis: “dependent variable”, “recoding”, “linear”, “Pearson”,
“assumption”, etc. It is also important to note clusters consisting of hypothesis testing (“H0”, “H1”,
“significance”, “hypothesis”) and “regression” cluster (“nonlinear”, “OLS”, “binominal”).
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Figure 2. Clusters for CM extracted from all CMs without the list of concepts.
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Figure 3. CM constructed on all CMs with the list of concepts.
Figure 3. CM constructed on all CMs with the list of concepts.

The number of clusters was high for such a low concept number (14) (Figure 4). In other words,
the structure was more fragmented, although these fragments were much more connected. The
biggest clusters were devoted to specific methods: seven concepts about relationships—“dependent”
and “independent” variables, “correlation”, “model”, “regression”, “relationship” and “scales”; six
concepts about hypothesis testing—“method”, “ANOVA”, “t-test”, “statistical hypothesis”, “factor
analysis”, “chi-square”. Fundamental concepts were almost unrelated to each other.

Figure 4. Clusters for CM extracted from all CMs with the list of concepts.
Figure 4. Clusters for CM extracted from all CMs with the list of concepts.

Figure 5 shows a typical example of content differences between CMs without and with the list
of concepts. While the first one had a very simple structure and mostly consisted of technical
concepts, the second one had a few more crosslinks (e.g., between “Tables” and “Population”) and
included more abstract concepts, such as “Research question” and “Hypothesis”.
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before. It is possible that providing a list makes students doubt their views, which is helpful in case
of a strictly defined structure or when using CM as a comprehension exercise, but useless and even
harmful in cases of incorrect lists and a lack of feedback [15,49].
Overall, it seems that using the list of concepts stimulates students to evaluate each concept and
its role in the whole structure more carefully in order to include them in the structure. At the same time,
they pay less attention to concepts outside of the list. It is argued that providing the list of concepts
does not necessarily lead to a more developed structure [15]. In this study, structure characteristics
changed only in terms of middle-level connections and improved, but “list stress” leads to differences
in the content.
It is important to note that using CMs from the same students allows the control of respondents’
ability to draw and represent knowledge in general. Both stages of the study were conducted in a
short period after the end of the basic course, which also allowed the control of other factors, such
as the natural growth of expertise. This small sample, on the one hand, provides an opportunity for
rich, qualitative analysis, and, on the other, restricts the use of quantitative methods. This part of the
research may be considered as a rather preliminary pilot study. Despite this, some effect sizes were big
enough to be detected.
Despite some limitations, the present study provides a better understanding of how students
organise their knowledge and possibilities for concept mapping for knowledge structure evaluation.
Taken together, these findings could bring insights for further research of CMs. The investigation of
CM content is a very promising area of research and methodology is developing in this direction [49].
The network theory provides a well-established approach for measuring structural aspects, such as
connectivity, which allows us to consider CMs as standardised objective measurement instruments.
Moreover, these results may also help educators who use CMs in their professional practices. In this
field, further research could be dedicated to using different types of CM tasks for various purposes,
e.g., formative and summative assessment.
Funding: The article was prepared within the framework of the HSE University Basic Research Program and
funded by the Russian Academic Excellence Project ‘5-100’
Conflicts of Interest: The author declares no conflict of interest.

Appendix A
Instruction 1 – without the list of concepts
Thank you for participating in the study!
Please read carefully the instructions for concept map construction.
Construct a conceptual map on the topic “Statistical Data Analysis”. You can use any terms and
concepts and combine them as you see fit. Do not try to cover all topics related to statistics, but reflect
the key, in your opinion, elements necessary for understanding what a statistical analysis of data is,
what it consists of and how it is implemented. Use a blank sheet and pen or pencil.
Please label each link between the concepts.
Instruction 2 – with the list of concepts
Thank you for participating in the study!
Please read carefully the instructions for concept map construction.
Construct a conceptual map on the topic “Statistical Data Analysis” using the list of concepts
below. You can use any number of concepts from the list and combine them as you see fit. You can add
no more than 2 concepts that are not included in the list. For each concept, you can change the number
(singular to plural), if required. Use a blank sheet and pen or pencil.
Please label each link between the concepts.
LIST OF CONCEPTS
In italics: technical concepts highlighted in the Appendix A that, but did were not provide given
to respondents.
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1.

ANOVA

14.

Regression

2.

t-test

15.

Result

3.

Sample

16.

Relationship

4.

Population

17.

Mean

5.

Hypothesis

18.

Standard deviation

6.

Graphs

19.

Statistical hypothesis

7.

Dependent variable

20.

Tables

8.

Research question

21.

Factor analysis

9.

Correlation

22.

Chi-square

10.

Method

23.

Scale

11.

Model

24.

Data

12.

Independent variable

25.

Analysis

13.

Distribution
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