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Abstract  
Despite the fact that the learning process is becoming more exploratory and investigative, there is still 
a need for methodological diversity to evaluate learning processes in science. 
To identify changes in students' thinking and their ability to orientate within and between different 
subject areas, it is not enough for the knowledge tests usually used at school (multiple choice, true or 
false etc.). To find out how new knowledge is integrating into students` cognitive thinking, there is a 
need for a versatile evaluation tool that fulfill more functions than just assessing students` factual 
knowledge. 
One of the possible solutions is using a concept mapping method for assessment, first described by 
Joseph Novak. Several studies have shown that the concept mapping method as an assessment tool 
provides the opportunity to identify students' misconceptions and make sure if the learned knowledge 
is accurate. 
The aim of the study is to find out, how students biology-based concept maps are developing during 
high school. There are several measures for analyzing concept maps. By using quantitative 
assessment method, a range of characteristics can be assessed e.g. number of concepts; number of 
propositions; number of cross-links. 
To assess students` biology knowledge in high school the results of one large-scale study are used. 
Concept maps of 2216 10th grade (first year in high school) students were collected in 2012. In two 
years same students` were assessed again at the end of high school. The students' concept maps 
were analyzed in three categories: “size”, “structure” and “quality”. The quantitative characteristics of 
concept maps were analyzed by Cmapanalysis software, which calculates several different measures 
in categories “size” and “structure”. The concept maps composed in grade 12 were on a higher level 
than those from students in grade 10. The results show that even if the number of correct propositions 
is rising during the high school, then unfortunately the number of incorrect propositions stays the 
same.  
Based on the result, we can recommend teacher to use different methods for assessment, such as 

concept mapping.  
 

1. Introduction 
The low motivation and unpopularity of studying natural sciences is challenge for teachers in many 
countries. Despite the fact that the learning process is becoming more exploratory and investigative, 
there is still a need for methodological diversity to evaluate learning processes in science. Assessment 
is an integrated part of learning and knowledge acquisition and plays an important role for parents, 
society and the learners themselves. Assessment in school is usually based on teachers` estimation 
of how students` self-express themselves in specific situations, solve problems, or put their knowledge 
into practice [1]. 
To identify changes in students' thinking and their ability to orientate within and between different 
subject areas, the use of the traditional knowledge tests (multiple choice, true or false etc.) is not 
sufficient. The efficacy of learning process is highly visible when students` are able to create links 
between previous knowledge and the new one [1], [2]. To find out how new knowledge is integrated 
into students` cognitive structure, there is a need for a new evaluation tool that fulfill more functions 
than just assessing students` factual knowledge [3]. 
One of the possible solutions is using the concept mapping method for assessment, first described by 
Joseph Novak in 1972. The method is based on David Ausubel`s (1968), meaningful learning theory 
[4], which says that: (1) learning only takes place when new knowledge is associated with that already 
existing in a logical system; (2) reorganization and integration with a new information facilitates 
meaningful learning. Several studies have shown that the concept mapping as an assessment method 
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provides the opportunity to identify students' misconceptions [5], [6], [7] and if the learned knowledge 
is accurate [8], [9], [10], [11]. It is also supporting meaningful learning activities [7], [12]. 
The aim of the study is to find out, how students biology-based concept maps are developing during 
high school. Based on concept maps created by students, conclusions are made about different 
aspects of their knowledge. 

  
2. Concept mapping method 
Concept mapping is a graphical tool that helps to organize and represent knowledge in a way that it 
indicates deeper meaning of a topic [13]. This method provides an opportunity to integrated new 
knowledge with previous one. During the creating process, it is recommended to define a focus 
question that indicates the problem for the development of the concept map. It provides a context and 
helps to organize the further, hierarchical structure of the map [14].   
The creating process of concept maps requires understanding of concepts and the ability to find 
linking words between them [15]. The concepts can be words, definitions, pictures, symbols, etc., that 
are usually surrounded by circle or boxes. Concepts (two or more) are connected together with a line 
and linking word(s) that shows the relationship between them. The smallest meaningful unit in concept 
map contains two concepts that are connected with linking word and it is called a proposition. 
Important are also cross-links that show the relation between different domains in the map. They help 
to understand, how map composers are able to use their knowledge across different subject areas 
[14].  
The structure of a concept map is usually depending on initial instruction. For example, concept maps 
can be created without any conditions with a focus question, with a one given “root” concept or with a 
list of given concepts. Different conditions can lead to different maps, providing the possibility to 
assess different aspects of knowledge [16]. 
 

2.1. Concept mapping as an assessment tool 
To assess students` knowledge with concept mapping, it is important to be sure about the reliability 
and validity of the method [17], [15]. It needs to be clear, that the concept map evaluates students` 
knowledge, not the mappers computer skills or ability to create a map. For example, if the concepts 
are given beforehand, there is a possibility to assess the use of concepts in a meaningful subject 
context [3]. 
There are several measures for analyzing concept maps. Quantitative assessment gives numerical 
values for concept map characteristics [18]. By using quantitative assessment, a range of 
characteristics can be assessed [19] e.g. number of concepts, number of propositions or number of 
cross-links. Such concept maps can be assessed in three categories: a) size; b) quality; c) structure. 
The number of concepts, number of propositions and number of linking words are describing the size 
of maps. The structure of the map can be described by centrality of concepts, number of cross-links, 
density of concepts, inter- and intra cluster proposition count or branch point count. These map 
characteristics help to evaluate, how the concepts are connected to each other. Typical quality 
indicators are correct proposition count, average rating of propositions and relevance of concepts or 
propositions. Usually experts are used to assess the quality of concept maps (e.g. accuracy of 
propositions) [20].  
 

3. Procedure 
To assess students` biology knowledge in high school the large-scale study LoTeGym was carried out 
in 2012 and 2014 [21]. In 2012, the PISA-like, three-dimensional tests [21] and computer-based 
concept maps of 10th grade (first year in high school) students were collected from 2216 students in 
44 different representative schools. In 2014, same students` were tested again at the end of high 
school. For the purpose of this study, 374 concept maps by 187 students from 42 different Estonian 
high schools, were analyzed.  
The data collection was divided into two phases. In the first phase students solved PISA-like three-
dimensional, scenario-based exercises. In the second phase they constructed concept maps, based 
on a given focus question and 30 concepts. For this study the students had to create concept maps 
based on the focus question: “Milk - is it always healthy?”. Experts divided concepts into 4 subject 
categories: “biology”, “chemistry”, “physics” and “everyday life”. In the PISA-like test a short 
interdisciplinary scenario and tasks (multiple choice and open questions), based on the problem, were 
given [21].  



 
The students' concept maps were analysed in three categories: size, structure and quality. To assess 
the quality of concept maps, two experts assessed the quality of all propositions. There were over 12 
300 propositions, which were rated from 0 to 2 points. 0 points showed that the proposition was 
incorrect, 1 point was given if the proposition expressed everyday life knowledge and 2 points were 
given if the proposition had a scientifically correct meaning. The quantitative characteristics of concept 
maps were analyzed with Cmapanalysis software [16], which allows determination of the size and the 
structure of the concept map. In addition the correlation between the measures of concept maps and 
PISA-like test results were calculated [22]. The data were analyzed using MS Excel, Cmapanalysis 
and SPSS Statistics 20. In the study, correlation analysis, t-test and descriptive statistics were used.  
To determine the reliability of the concept mapping assessment procedure, the overlap value of two 
experts was calculated. Two independent experts assessed the correctness of every proposition, the 
overlapping value was 97%. 
We also looked at the compatibility with different assessment methods. In this study, the correlation 
between the concept map measures and PISA-like test results were calculated. 

 
4. Findings 
The concept maps composed in grade 12 were on higher level than those from students in grade 10. 
However, although the results showed a statistically significant increase in the number of high quality 
propositions, the number of incorrect propositions did not decrease. Paired Samples T-Test was used 
to determine the significance of the differences.  

 

Fig. 1. Average number of composed propositions in grade 10 and 12 

In grade 12 the students composed more 1-scored propositions (M=10,32; SD=4,11) than in grade 10 
(M=8,64; SD=3,58). The difference was significant (t = 6,31; p = 0,00). Also the average number of 2-
scored proposition was higher in grade 12 (M=8,01; SD=4,38) than in grade 10 (M=5,54; SD=3,78). 
The difference was also significant (t=9,49; p=0,00). The difference in 0-scored propositions was not 
significant (p=0,63).  
The results show that even if the number of correct propositions is rising during the high school, then 
the number of incorrect propositions stays at the same level. 

 
Contribution 
Based on the result, we encourage teacher to use different methods for assessment, such as the 
concept mapping. Using concept mapping allows to detect misconceptions and to follow 
developments in students’ conceptual knowledge. Today are available several computer-based 
concept mapping analysis programs, such as the Cmapanalysis, which allow assess the concept 
maps of whole class at once. In addition to that it gives an immediate virtual feedback for each student 
[16].  
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