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Abstract. Concept map is a graphical representation of its creator’s knowledge structure, and it can be used as a tool for 
knowledge assessment. Even when considering only three factors – whether the structure, linking phrases and concept labels are 
given – there is a wide range of possible concept map-based tasks. Tasks with different demands allow assessing different 
aspects of knowledge, and thus, various sets of criteria are used for their assessment. Scoring of some of these criteria is easy to 
automate (e.g. count of concepts or propositions), but also more elaborate criteria are used that are more difficult to assess 
automatically (e.g. proposition’s depth of explanation). This paper represents the results of a literature study on usage of concept 
map-based tasks for knowledge assessment purposes and criteria used to score them.  

1 Introduction 

Human memory is an interrelated system, and learning process is described as an alteration of this system by 
adding new knowledge pieces and/or modifying the structure to accommodate newly learned knowledge. 
Knowledge assessment allows measuring the outcomes of learning and determines whether the educational 
process has been successful. As knowledge structure cannot be observed directly, various indirect methods are 
used instead. Concept maps (CM) are one of such methods.  

CM is a graphical tool for representing knowledge structure in a form of a graph whose nodes represent 
concepts, and arcs between nodes correspond to interrelations between them. Linking phrases on the arcs 
describe the semantics of a connection. Two concepts and a relationship between them form a proposition. None 
of the concepts can be explained without referring to its relation to other concepts (Ruiz-Primo & Shavelson, 
1996), so the proposition is the smallest unit of meaning in CMs. The more knowledge one holds in the domain, 
the more interconnected the responding knowledge structure is. Concept maps can have hierarchical segments 
with cross-links between these segments or a net-like structure where other kinds of relationships dominate.  

Since 1970’s, when Concept maps (CM) were introduced as a pedagogical tool (Novak & Cañas, 2006), 
researchers have experimented with a wide range of CM-based tasks to test their suitability for knowledge 
assessment purposes. According to Ruiz-Primo & Shavelson (1996), a CM-based task consists of three main 
parts: task demands, task constraints and task content structures. Task demands define what a student has to do 
to complete the task: construct a CM, fill in missing elements in a CM structure, rate the relatedness of concept 
pairs etc. Task constraints (directedness of the task) refer to the limitations that a student has to follow while 
solving a task. For example, a student may be asked to use only the concept labels and linking phrases given in a 
list or define them himself/herself. Task content structure refers to the nature of the subject domain to be 
mapped. There are hierarchical domains, e.g. taxonomy of live beings, and also cyclic, net-like, and chain-like 
domains.  

This paper documents a literature review about most frequently used kinds of CM-based tasks and criteria 
that can be used to score these tasks. The rest of the paper is organized as follows. In the next section types of 
CM-based tasks are described. The third section describes three classes of the most frequently used criteria for 
scoring these tasks. The paper ends with conclusions. 

2 Concept map-based tasks 

Different kinds of CM-based tasks serve different purposes. In (Ruiz-Primo, Schultz & Shavelson, 2001) it is 
said that high-directed tasks impose different cognitive demands on students than low-directed tasks. High-
directed tasks where a student has little freedom to express his/her knowledge structure are more likely to 
misinterpret the student’s knowledge structure. High-directed tasks are useful for activating the student’s 
knowledge, while low-directed ones enable students to represent their knowledge structure more precisely 
(Gouli, Gogoulou & Grigoriadou, 2003). At the same time, low-directed tasks demand more content knowledge 
(Ruiz-Primo,M.A et al., 2001); thus, these tasks may appear too challenging for students with less competency. 
There is no one most appropriate task for all assessment purposes, as there is no best scoring method that would 
be appropriate for all kinds of CM-based tasks and would reflect all aspects of knowledge structure. 



 

Range of CM-based tasks is wide. In (Shavelson, Lang & Lewin, 1994) it is stated that there is no less than 
128 diverse types of tasks. Even wider set – 739 tasks – can be found by varying these factors: there can be 
given complete (C), or partial (P) CM structure, or it can be not given at all (E), complete (C), partial (P) or 
empty (E) sets of concepts and linking phrases in the list or in the CM structure and there can also be included 
distractors – misleading concepts and linking phrases. Some of these factors are mutually dependent (see Fig.1). 
For example, if all concepts are given in the list, then there can be no concepts in the structure.  

 

 
Figure 1.  Factors that comprise a CM-based task and their interdependence 

 

 Factors Task (source) 

1 (C; C; C; E; C; E; C) Fill-in-the-lines (Ruiz-Primo et al., 2001; Shavelson, Ruiz-Primo & Wiley, 2005). 
Relationships list completion (Gouli, et al., 2004). 

2 (C; C; E; C; C; C; E) Fill-in-the-Nodes (Ruiz-Primo et al., 2001; Shavelson, Ruiz-Primo& Wiley, 2005); 
Concept list completion (Gouli, et al., 2004); CM task (Anohina-Naumeca, 
Grundspenkis, Strautmane, 2011). 

3 (C; C; E; C; C; P; P)  Select-and-fill-in (Schau, 1999; Schau, 1997); CM task (Anohina-Naumeca, 
Grundspenkis, Strautmane, 2011). 

4 (E; C+D; C+D; E; 
C+D; C+D; E) 

CM Task (Taricani & Clariana, 2006; Koul, Clariana & Salehi, 2005; Hsu & Hsieh, 
2005). 

5 (E; C; C; E; C; C; E) S mapping technique (Yin et al., 2005; Schaal, Bogner& Girwidz, 2010); Concept-
relationship lists construction (Gouli, et al., 2004), Construct-by-self (Chang, Sung 
& Chen, 2001) CM Task (Herl, Baker & Niemi, 1996; Chang et al., 2005; Schaal, 
2008; da Rocha, da Costa & Favero, 2008; Klein et al., 2002; Schacter et al., 1997; 
Fatemeh, Ahmad & Mohammad, 2011; O’Neil, Chuang & Chung, 2004; Sims-Knight 
et al., 2004; Anderson & Huang, 1989; Osmundson et al., 1999; Hoeft et al., 2003; 
Anohina-Naumeca, Grundspenkis, Strautmane, 2011). 

6 (E; E; E; E; C; C; E) Construct-a-map with a list of concepts provided (Plummer, 2008); C mapping 
technique (Yin et al., 2005); Construct-a-map from scratch (Ruiz-Primo et al., 
2001; Shavelson, Ruiz-Primo, Wiley, 2005). Concept-list construction (Gouli, 
Gogoulou & Grigoriadou, 2003; Gouli, et al., 2004), Pre-selected term maps 
(Oliver, 2008); CM task (Schreiber & Abbeg, 1991; Rice, Ryan & Samson, 1998; 
Mls, 2006; Asan, 2007; Cathcart et al., 2010; McClure, Sonak & Suen, 1999; 
McPhan, 2008; Bolte, 1997; Nakiboglu & Ertem, 2010; Gerstner & Bogner, 2009; 
Roberts & Moriarty, 1996; Kankkunen, 2001; Luckie, Harrison & Ebert-May, 2011; 
Ruiz-Primo, Shavelson & Schultz, 1997; Lapp, Nyman & Berry, 2010; Markow & 
Lonning, 1998; Austin & Shore, 1995; Erduran-Avci, Unlu & Yagbasan, 2009; 
Adamczyk & Willson, 1996; Barenholz & Tamir, 1992; Luckie, Harrison & Ebert-
May, 2004; Anohina-Naumeca, Grundspenkis, Strautmane, 2011);. 

7 (E; E; E; E; E; E; E) Construct-a-map from scratch (Ingec, 2009); Free-construction task (Gouli, 
Gogoulou & Grigoriadou, 2003; Gouli, et al., 2004), Open-ended maps (Oliver, 
2008). Map-generation task (Hauser, Nückles & Renkl, 2006); “Free range” CM 
task (McLay & Brown, 2003); CM Task (Pearsall, Skipper, & Mintzes, 1997; West 
et al., 2002; Çakmak, 2010; Ozdemir, 2005; Gregoriades, Pampaka, & Michail, 2009; 
Kankkunen, 2001; Walker & King, 2002; Freeman & Urbaczewski, 2002; Stoddart et 
al., 2000; Borda et al., 2009; Turns, Atman & Adams, 2000; Beatty, 2000; West et al., 
2002; Blackwell, & Williams, 2007; Fatemeh, Ahmad& Mohammad, 2011; Lavigne, 
2005; Besterfield-Sacre, et al., 2004; Sanders et al., 2008; BouJaoude & Attieh, 2003; 
McKeown, 2009. 

Table 1:  Most frequently used types of concept map-based tasks 



 

However, in reality a lot less variety of tasks is used. Reviewing literature, 23 types of tasks were found; 
here only seven more frequently used ones are mentioned (see Table 1). The first three of them are fill-in-the-
map tasks, while remaining four are construct-a-map tasks. For this survey only those papers were selected that 
describe evaluation criteria used for scoring CM and where student fills or generates CM himself/herself instead 
of deriving the CM from student’s response in some other form (e.g. text or concept relatedness assessments). 

 
In the table factors that comprise a task are represented in such form: (<Structure>; <Relations given>; 

<Relations in the list>, <Relations in the structure>, <Concepts given>, <Concepts in the list>, <Concepts in the 
structure>). The first factor can have one of three values: “C” – complete; “P” – partial or “E” – empty. Other 
six factors can have three mentioned values and also “C+D” – complete, contains distractors. The table also 
contains different names that researchers have used to denote these tasks; sometimes the same name is used for 
different tasks (e.g. construct-a-map from scratch). 

 
As can be seen from the table, construct-a-map tasks are used more frequently than fill-in-the-map tasks. 

Around 85% of summarized reports document the usage of a construct-a-map task alone or it’s comparison to 
one or several different tasks. It is due to their ability to elicit more information about student’s knowledge 
structure, which is also one of the main reasons for interest in using CMs as a knowledge assessment tool.  

3 Concept map assessment criteria 

An assessment is a combination of a task, response format and scoring system (Ruiz-Primo, & Shavelson, 
1996). Scoring system in CM-based assessment usually employs a combination of several criteria because 
different criteria measure different aspects of knowledge represented by a CM (e.g. number of propositions 
reflect the volume of the knowledge, number of hierarchy levels – the depth of knowledge, etc.) There is a 
plethora of criteria used to assess CM-based tasks. It is possible to measure various aspects of a CM as well as 
its creation process (Yin et al., 2005). The choice of criteria depends on the aim of assessment – if it is an 
additional or the only technique used for evaluation of knowledge. The choice depends also on the 
characteristics of a domain where knowledge is to be measured and mode of assessment (manual or automated).  

 
In the following subsections criteria that are used for certain kinds of CM-based tasks and their level of 

automation are described. Criteria are divided in three groups: (a) criteria that measure CM components, such as 
number of concepts, levels of hierarchy etc., (b) criteria that describe the structure as a whole such as 
correspondence to certain patterns, diameter of the graph etc., (c) other criteria. Tables in subsections 3.1, 3.2, 
and 3.3 contain references only to some of the sources where usage of a certain criteria is mentioned.  

3.1 CM component measures 

CM component measures include criteria that measure the quantity and quality of distinct elements of CM (see 
table 2). These include criteria of one of the most frequently used assessment schemes, proposed by Novak and 
Gowin (Novak & Gowin, 1984) – number of propositions, hierarchy levels, examples and cross links. The mode 
of assessment used in each source is denoted by the letter A (automated), M (manual), SA (semi automated) or 
U (not mentioned).  
 

Criteria Example of usage Task 
Number of concepts Schaal, 2008A; Kankkunen, 2001M; Oliver, 2008M 5; 6; 7 

Completeness of concepts 
used 

Gouli et al., 2004A; Gouli, Gogoulou & Grigoriadou, 2003A; Rice, Ryan 
& Samson, 1998M; Koul, Clariana & Salehi, 2005M 

1; 2; 4; 
5; 6; 7 

Quality of concept labels Çakmak, 2010M; Stoddart et al., 2000M 7 

Number or propositions Schreiber & Abbeg, 1991M; Nakiboglu & Ertem, 2010M; Borda et al., 
2009M; Koul, Clariana & Salehi, 2005A 

4; 5; 6; 
7 

Completeness of 
relationships  

Gouli et al., 2004A; Gouli, Gogoulou & Grigoriadou, 2003A; Walker & 
King, 2002U Koul, Clariana & Salehi, 2005M 

1; 2; 4; 
5; 6; 7 

Proposition correctness**  Anohina-Naumeca, Grundspenkis & Strautmane, 2011A; da Rocha, da 
Costa & Favero, 2008A 

2; 3; 5; 
6 

Proposition correctness*  Schaal, 2008AGouli et al., 2004A; Fatemeh, Ahmad & Mohammad, 
2011A; McClure, Sonak & Suen, 1999M; Luckie, Harrison & Ebert-May, 
2011A; Taricani & Clariana, 2006SA; 

1; 2; 4; 
5; 6; 7 

Proposition quality 
(correctness, validity) 

Yin et al., 2005M; Ruiz-Primo et al., 2001M; Ruiz-Primo, Shavelson & 
Schultz, 1997M; West et al., 2002M; Stoddart et al., 2000A 

1; 2; 5;  
6; 7 

Proposition’s depth of Stoddart et al., 2000M 7 



 

explanation 
Correct propositions that are 
not present in expert’s CM  

Anohina-Naumeca, Grundspenkis & Strautmane, 2011M; da Rocha, da 
Costa & Favero, 2008A; Cathcart et al., 2010M 

2; 3; 5; 
6 

Proposition similarity to 
expert’s CM 

Osmundson et al., 1999A; Oliver, 2008M 5 

Proposition correspondence 
to a category of relations  

Herl, Baker & Niemi, 1996M; Schacter et al., 1997A 5 

Proposition relevance  Klein et al., 2002A; Kankkunen, 2001M 5; 6 

Correct places of concepts 
and relations 

Chang, Sung & Chen, 2001A; Schau, 1999M 3; 5 

Number of levels of 
hierarchy 

Luckie, Harrison & Ebert-May, 2004A; Gouli, Gogoulou & Grigoriadou, 
2003A; Hsu & Hsieh, 2005M 

4; 6; 7 

Concepts per level Beatty, 2000M 7 

Quality of hierarchy Roberts & Moriarty, 1996M; Turns, Atma & Adams, 2000M 6; 7 

Frequency of branching Pearsall, Skipper & Mintzes, 1997M; Borda et al., 2009M 7 

Number of cross-links  Osmundson et al., 1999A; Luckie, Harrison & Ebert-May, 2004A; Gouli, 
Gogoulou & Grigoriadou, 2003A; Hsu & Hsieh, 2005M 

4; 5; 6; 
7 

Number of strands (major 
themes) 

Schreiber & Abbeg, 1991M; Oliver, 2008M 6; 7 

Number of examples Nakiboglu & Ertem, 2010MKankkunen, 2001M; Hsu & Hsieh, 2005M 4; 6; 7 
* In comparison to expert’s CM 
** In comparison to expert’s CM and its derivations 

Table 2:  CM scoring criteria that measure CM components 

As can be seen from the last column in this table, fill-in-the-map tasks are mostly assessed by the number of 
concepts and relationships and the quality of propositions they comprise. It is meaningful to assess such criteria 
as levels of hierarchy, number of strands and cross-links and examples only for construct-a-map tasks because 
they actually describe the quality of a student’s created structure. There are also two criteria that are meaningful 
only for tasks where the student generates concept labels and linking phrases by himself/herself, namely, the 
quality of concept labels and the proposition’s depth of explanation. The assessment of propositions correctness 
criterion in various sources is related to all or a subset of such proposition components as linking phrase, 
direction of the arc, propositions weight (importance) and concepts linked. Some authors use only two levels of 
correctness while others consider also partially correct propositions. About 40% of sources report automated 
assessment of criteria that belong to this group. However there are some currently manually assessed criteria 
that could be easily automated (e.g. concepts per level and frequency of branching). 
  

Criteria Example of usage Task 
Convergence with expert’s 
CM 

Ruiz-Primo et al., 2001M; Ruiz-Primo, Shavelson & Schultz, 1997M; 
BouJaoude & Attieh, 2003M 

1; 2; 
6; 7  

Salience  Ruiz-Primo et al., 2001M; Ruiz-Primo, Shavelson & Schultz, 1997M; 
BouJaoude & Attieh, 2003M 

1; 2; 
6; 7  

Goldsmith’s closeness index Chang et al., 2005A 5 

Similarity to experts’ CM  Chang et al., 2005A; Schaal, 2008A; McKeown, 2009A  5; 7 

Diameter of a graph Sanders et al., 2008U 7 

Maximum degree of concept Sanders et al., 2008U 7 

Spanning tree of the map McKeown, 2009A 7 

Number of hierarchical 
segments 

Besterfield-Sacre et al., 2004M 7 

Ruggedness (unconnected 
parts) 

Schaal, 2008A; Koul, Clariana & Salehi, 2005A; Austin & Shore, 1995M 5; 6 

Spatial distance  Mls, 2006M; Taricani & Clariana, 2006A 4; 6 

Graph connectivity Austin & Shore, 1995M 6 

Correspondence to structural 
patterns  

Yin et al., 2005M; Nakiboglu & Ertem, 2010M; BouJaoude & Attieh, 
2003M; Koul, Clariana & Salehi, 2005M; 

4; 5; 
6; 7 

Hierarchiness  Ruiz-Primo, Shavelson & Schultz, 1997M 6 

Domain-specific subpatterns Sims-Knight et al., 2004M 5 

Richness of relationships Lapp, Nyman & Berry, 2010M; McKeown, 2009A 6; 7 

Holistic score of overall 
quality  

Luckie, Harrison & Ebert-May, 2011M; Gregoriades, Pampaka & 
Michail, 2009M; Besterfield-Sacre et al., 2004M 

6; 7 

Table 3:  CM scoring criteria that measure CM structure parameters 



 

3.2 CM structure measures 

Criteria of this group are most frequently used for construct-a-map tasks because it is meaningful to measure 
various aspects of a structure only then when the student has created this structure. The first four criteria are 
evaluated by comparing the student’s CM to the expert’s CM, but others measure graph characteristics. 
 

This class of criteria mostly strives to evaluate the interconnectedness of the student’s CM, because as a 
result of learning knowledge structure becomes more and more interconnected (Ruiz-Primo, & Shavelson, 
1996). The expert’s generated CMs are characterized by a small number of concepts compared to a number of 
relationships between them (Novak, & Cañas, 2006). Correspondence to structural patterns also aims at 
assessing the complexity of a structure by comparing students’ created constructs to linear, spoke-like, tree-like, 
net-like and other patterns. 

 
Only about one third of sources report automated assessment of criteria of this group, because when used 

for construct-a-map tasks where linking phrases must be generated by the student (tasks 6 and 7) part of them 
involves analysing semantics of the relationships (e.g. salience and convergence with expert’s CM). 
Correspondence to the various subpatterns is one of the most widely used criteria of this group because it 
reveals an important characteristic of a knowledge structure as different patterns correspond to different levels 
of understanding. Still it is complicated to evaluate it automatically because student’s CM can contain structures 
that are inexact matches to the structural patterns. 

3.3 Other CM measures 

Aside from the scoring CM elements and structure, the process of completing the task can also be measured by 
inspecting the student’s actions log or amount of help used. In computer-based knowledge assessment systems, 
such as IKAS (Anohina-Naumeca, Grundspenkis & Strautmane, 2011) data, for evaluation of these criteria can 
be easily gathered automatically. The advancement of computing technologies also allows including more 
information in a CM such as notes, Web links, digital library resources and images (Oliver, 2008). This 
additional information also characterizes the student’s understanding about the topic, so appropriate evaluation 
criteria must be included in the scoring system.  

 
Criteria Example of usage Task 

Amount of help used Anohina-Naumeca, Grundspenkis & Strautmane, 2011A 2; 3; 5; 6 

Relevance of attached web document Schacter et al., 1997SA; Oliver, 2008M 5; 7  

Students actions log Schacter et al., 1997SA 5 

Errors, missing elements, used distractors Gouli et al., 2004A; Kankkunen, 2001M; Luckie, Harrison 
& Ebert-May, 2011A; Rice, Ryan & Samson, 1998M 

1; 2; 5; 6; 
7 

Temporal proximity of creating 
propositions 

Lapp, Nyman & Berry, 2010M 6 

Table 4:  Other CM scoring criteria  

4 Conclusions 

Although there exist so many variations of CM-based tasks, an CM-based knowledge assessment system does 
not need to include them all to be useful in various stages of the learning process. It is sufficient if it has a few 
high-directed tasks for assessment in early stages of learning and some of the low-directed ones for elicitation of 
deep understanding.  

 
Current computing technologies allow including more criteria in the scoring system without burdening the 

teacher with a complex computations. Thus an automated CM-based knowledge assessment system has a 
potential for regular knowledge assessment even for large groups of students. There is still a need for an CM-
based knowledge assessment system that could perform the assessment automatically with a little intervention 
by the teacher. It is crucial for those tasks where student generates linking phrases and/or concept labels because 
the student can use different words to express correct knowledge than the teacher does. Currently analysis of 
propositions in such tasks usually is performed manually although there are some attempts to automate it.  

As scoring CM components and scoring CM structure reveals different aspects of a knowledge structure, a 
comprehensive scoring mechanism should use a combination of criteria belonging to both of these groups. 
Especially in cases where the score of the CM is used as a measure of learning success.  



 

5 Acknowledgements 

This work has been supported by the European Social Fund within the project “Support for the implementation 
of doctoral studies at Riga Technical University”. 

6 References 

Adamczyk, P. & Willson, M. (1996). Using concept maps with trainee physics teachers. Physics Education, 
31(6), 374-381. 

Anderson, T.H. & Huang, S.-C.C. (1989). On Using Concept Maps To Assess the Comprehension Effects of 
Reading Expository Text. Technical Report No. 483.  

Anohina-Naumeca, A., Grundspenkis, J. & Strautmane, M. (2011). The Concept Map Based Assessment 
System: Functional Capabilities, Evolution, and Experimental Results. International Journal of Continuing 
Engineering Education and Life-Long Learning, 21(4), 308-327. 

Asan, A. (2007). Concept Mapping in Science Class: A Case Study of fifth grade students. Educational 
Technology & Society, 10(1), 186-195. 

Austin, L.B. & Shore, B.M. (1995). Using concept mapping for assessment in physics. Physics Education, 
30(41), 41-45. 

Barenholz, H. & Tamir, P. (1992). A Comprehensive Use of Concept Mapping in Design Instruction and 
Assessment. Research in Science & Technological Education, 10(1), 37-52. 

Beatty, I. D. (2000). ConMap investigating new computer-based approaches to assessing conceptual knowledge 
structure in physics. University of Massachusetts at Amherst Ph.D. dissertation. 

Besterfield-Sacre, M., Gerchak, J., Lyons, M.R., Shuman, L.J. & Wolfe, H. (2004). Scoring Concept Maps: An 
Integrated Rubric for Assessing Engineering Education. Journal of Engineering Education, 93(2), 105–
116.  

Blackwell, C. & Williams,J. (2007). The Utilization of Concept Maps in Evaluating Leadership Comprehension. 
Proceedings of the 2007 AAAE Research Conference,  34, 698-700. 

Bolte L.A. (1997). Assessing mathematical knowledge with concept maps and interpretive essays. Paper 
presented at the Annual Meeting of the American Educational Research Association. 

Borda, E.J., Burgess, D.J., Plog, C.J., DeKalb, N.C.& Luce, M. M. (2009). Concept Maps as Tools for 
Assessing Students’ Epistemologies of Science. Electronic Journal of Science Education, 13(2). 

BouJaoude, S. & Attieh, M. (2003). The Effect of Using Concept Maps as Study Tools on Achievement in 
Chemistry. Paper presented at the Annual Meeting of the National Association for Research in Science 
Teaching. 

Cathcart, L.A, Stieff, M., Marbach-Ad, G., Smith, A.C. & Frauwirth, K.A. (2010). Using Knowledge Space 
Theory to Analyze Concept Maps. Proceedings of the 9th International Conference of the Learning 
Sciences, 1, 952-959. 

Chang, K. E., Sung, Y. T., Chang, R. B. & Lin, S. C. (2005). A New Assessment for Computer- Based Concept 
Mapping. Educational Technology and Society,  8(3), 138-148. 

Chang,K.E., Sung, Y.T. & Chen, S.F. (2001). Learning through computer-based concept mapping with 
scaffolding aid. Journal of Computer Assisted Learning, 17(1), 21-33. 

Çakmak, M. (2010). An examination of concept maps created by prospective teachers on teacher roles. Procedia 
- Social and Behavioral Sciences, 2(2), 2464-2468. 

da Rocha, F.E.L., da Costa, J.V. & Favero, E.L. (2008). An Approach to Computer-aided Learning Assessment. 
In A. J. Cañas, P.Reiska, M, Åhlberg, J. D. Novak, (Eds.),  Proceedings of the 3rd International 
Conference on Concept Mapping, 100-107. 

Enger, S. K. (1996). Concept mapping visualising student understanding. Paper presented at Annual Meeting of 
the Mid-South Educational Research Association. 

Erduran-Avci, D., Unlu, P. & Yagbasan, R., (2009). Using Concept Maps as a Method of Assessment in Work-
Energy Subject. Journal of Applied Sciences, 9, 427-437. 

Fatemeh,H., Ahmad, K. & Mohammad, D.M. (2011). ICMAP: An interactive tool for concept map generation 
to facilitate learning process. Procedia CS, 3, 524-529 



 

Freeman, L.A.& Urbaczewski,A. (2002). Concept Maps as an Alternative Technique for Assessing Students' 
Understanding of Telecommunications. Proceedings of the International Conference on Informatics 
Education Research (ICIER). 

Gerstner, S., & Bogner, F.X. (2009). Concept map structure, gender and teaching methods: an investigation of 
students’ science learning, Educational Research, 51(4), 425–438.  

Gouli, E., Gogoulou, A. & Grigoriadou, M. A (2003). Coherent and Integrated Framework Using Concept Maps 
for Various Educational Assessment Functions. Journal of Information Technology Education, 2.  

Gouli, E., Gogoulou,A., Papanikolaou, K.& Grigoriadou,M. (2004). Compass: an adaptive web-based concept 
map assessment tool. Assessment, (i), 389-396. 

Gregoriades, A., Pampaka,M. & Michail, H. (2009). Assessing Students’ Learning in MIS using Concept 
Mapping. Journal of Information Systems Education, 20(4), 419-430. 

Hauser, S., Nückles, M. & Renkl, A. (2006). Supporting Concept Mapping for Learning from Text. Proceedings 
of the 7th international conference on Learning sciences, 243-249. 

Herl, H.E., Baker, E.L.& Niemi, D. (1996). Construct Validation of an Approach to Modeling Cognitive 
Structure of U.S. History Knowledge. Journal of Education Research, 89(4), 206-218. 

Hill, L.H. (2004). Concept Mapping in a Pharmacy Communications Course to Encourage Meaningful Student 
Learning. American Journal of Pharmaceutical Education, 68(5). 

Hsu, L.& Hsieh, S.I. (2005). Concept Maps as an Assessment Tool in a Nursing Course. Journal of Proffesional 
Nursing, 21(3), 141-149. 

Ingec, S.K. (2009). Analysing Concept Maps as an Assessment Tool in Teaching Physics and Comparison with 
the Achievement Tests. International Journal of Science Education, 31(14), 1897-1915. 

Kankkunen, M. (2001). Concept Mapping and Peirce's Semiotic Paradigm Meet in the Classroom Environment. 
Learning Environments Research, 4(3) 287-324. 

Klein, D.C.D., Chung, G.K.W.K., Osmundson, E., Herl, H. E. & O’Neil, H. F., Jr (2002) Examining the validity 
of knowledge mapping s a measure of elementary students scientific understanding. CSE Technical Report 
557. 

Koul, R., Clariana, R.B. & Salehi, R. (2005). Comparing Several Human and Computer-Based Methods for 
Scoring Concept Maps and Essays, Journal of Educational Computing Research, 32(3) 227-239. 

Lapp, D.A., Nyman, M.A. & Berry, L.S. (2010) Student connections of linear algebra concepts: an analysis of 
concept maps, International Journal of Mathematical Education in Science and Technology, 41(1), 1–18. 

Lavigne,N. C. (2005). Mutually Informative Measures of Knowledge: Concept Maps Plus Problem Sorts in 
Statistics. Educational Assessment, 10(1), 39–71. 

Luckie, D. B., Harrison, S. H. & Ebert-May. D. (2004). Introduction to C-TOOLS: Concept Mapping Tools for 
Online Learning. In A. J. Cañas, J. D. Novak, F. M. Gonzalez, (Eds.), Proceedings of the 1st International 
Conference on Concept Mapping, 261-264. 

Luckie, D., Harrison, S.H. & Ebert-May, D. (2011). Model-based reasoning: using visual tools to reveal student 
learning. Advances in Physiology Education, 35(1), 59-67. 

Markow, P.G.& Lonning, R.A. (1998). Usefulness of Concept Maps in College Chemistry Laboratories: 
Students’ Perceptions and Effects on Achievement. Journal of Research in Science Teaching, 35(9), 1015-
1029. 

McClure, J.R., Sonak, B. & Suen, H.K. (1999). Concept Map Assessment of Classroom Learning: Reliability, 
Validity, and Logistical Practicality. Journal of research in science teaching, 36(4), 475-492. 

McKeown, J.O. (2009). Using annotated concept map assessments as predictors of performance and 
understanding of complex problems for teacher technology integration. Florida State University College of 
Education, Dissertation. 

McLay, M. & Brown, M. (2003). Using concept mapping to evaluate the training of primary school leaders. 
International Journal of Leadership in Education: Theory and Practice, 6(1), 73-87. 

McPhan, G. (2008). A Developmental Framework for Assessing Concept Maps. In A. J. Cañas, P.Reiska, M, 
Åhlberg, J. D. Novak, (Eds.), Proceedings of the 3rd International Conference on Concept Mapping, 2, 37-
44. 



 

Mls, K. (2006). Implicit Knowledge in Concept Maps and Their Revealing by Spatial Analysis of Hand-drawn 
Maps. In A. J. Cañas, J. D. Novak, (Eds.), Proceedings of the 2nd International Conference on Concept 
Mapping, 130-133 

Nakiboglu, C. & Ertem. H. (2010). Comparison of the Structural, Relational and Proposition Accuracy Scoring 
Results of Concept Maps about Atom. Journal of Turkish Science Education, 7(3), 60-77. 

Novak, J.D. & Cañas, A.J. (2006). The Theory Underlying Concept Maps and How to Construct and Use Them. 
Technical report. Internet: 
http://cmap.ihmc.us/publications/researchpapers/theorycmaps/theoryunderlyingconceptmaps.htm 

Novak, J.D. & Gowin D.B. (1984). Learning how to learn. Cambridge University Press.  

Oliver, K. (2008). A Comparison of Web-Based Concept Mapping Tasks for Alternative Assessment in 
Distance Teacher Education. Journal of Computing in Teacher Education, 24(3), 95-103. 

O’Neil, H.F., Chuang,S. & Chung, G.K.W.K. (2004). Issues in the Computer-Based Assessment of 
Collaborative Problem Solving. CSE Report 620. 

Osmundson, E., Chung, G. K. W. K., Herl, H. E. & Klein, D. C. D.  (1999). Knowledge mapping in the 
classroom: A tool for examining the development of students' conceptual understandings. CSE Technical 
Report 507. 

Ozdemir, A.S. (2005). Analyzing Concept Maps as an Assessment (Evaluation) Tool in Teaching Mathematics. 
Journal of Social Sciences, 1(3), 141-149. 

Pearsall, N. R., Skipper, J., & Mintzes, J. (1997). Knowledge restructuring in the life sciences: a longitudinal 
study of conceptual change in biology. Science Education, 81(2), 193-215. 

Plummer, K. (2008). Concept-Map Assessments. The Reliability and Validity of Classroom Accessible 
Concept-Map Assessments. VDM Verlag Dr. Muller Aktiengesellschaft & Co, Saarbrucken, Germany. 

Rice, D.C., Ryan, J.M. & Samson, S.M. (1998). Using Concept Maps to Assess Student Learning in the Science 
Classroom: Must Different Methods Compete? J. of Research in Science Teaching, 35(10), 1103-1127. 

Roberts, L. & Moriarty, B. (1996). Concept Mapping and Learning in Tertiary Statistics Classes. Presented at 
joint ERA & AARE Conference: Educational Research: Building New Partnerships. 

Ruiz-Primo, M.A. & Shavelson, R.J. (1996). Problems and Issues in the Use of Concept Maps in Science 
Assessment. Journal of Research in Science Teaching, 33(6), 569- 600. 

Ruiz-Primo, M.A., Shavelson, R.J., Li, M. & Schultz, S.E. (2001). On the Validity of Cognitive Interpretations 
of Scores From Alternative Concept-Mapping Techniques. Educational assessment ,7(2), 99-141. 

Ruiz-Primo, M.A., Shavelson, R.J. & Schultz,S.E. (1997). On The Validity Of Concept Map-Base Assessment 
Interpretations: An Experiment Testing The Assumption Of Hierarchical Concept Maps In Science, CSE 
Technical Report 455. 

Sanders, K., Boustedt, J., Eckerdal, A., McCartney, R., Moström, J.E., Thomas, L. & Zander, C. (2008). Student 
Understanding of Object-Oriented Programming as Expressed in Concept Maps. Proceedings of the 39th 
SIGCSE technical symposium on Computer science education. 40(1), 332-336. 

Schaal, S. (2008). Concept Mapping in Science Education Assessment: An Approach to Computer-Supported 
achievement Tests in an Interdisciplinary Hypermedia Learning Environment. In A. J. Cañas, P.Reiska, M, 
Åhlberg, J. D. Novak, (Eds.), Proceedings of the 3rd International Conference on Concept Mapping. 

Schaal S., Bogner, F.X. & Girwidz, R. (2010). Concept Mapping Assessment of Media Assisted Learning in 
Interdisciplinary Science Education. Research in Science Education, 40(3), 339–352. 

Schacter, J., Herl, H. E., Chung, G.K.W.K., O’Neil, H.F., Jr. Dennis, R. A. & Lee, J.L. (1997). Feasibility of a 
web-based assessment of problem Solving. Paper presented at the Annual Meeting of the American 
Educational Research Association. 

Schau, C., Mattern, N., Weber, R.J., Minnick, K. & Witt, C. (1997). Use of fill-in concept maps to assess 
middle school students connected understanding of science. Paper presented at the Annual Meeting of the 
American Educational Research Association. 

Schau, C., Mattern, N., Zeilik, M., Teague, K.W. & Weber, R.J. (1999). Select-and-fill-in concept map scores as 
a measure of undergraduate students connected understanding of introductory astronomy. Paper presented 
at the Annual Meeting of the American Educational Research Association.  

Shavelson, R.J., Lang, H. & Lewin, B. (1994). On Concept Maps as Potential ‘Authentic’ Assessments in 
Science: Indirect Approaches to Knowledge Representation of High School Science. Los Angeles: 
National Center for Research on Evaluation, Standards, and Student Testing. 



 

Shavelson, J.R., Ruiz-Primo, M.A. & Wiley, E.W. (2005). Windows into the mind. Higher Education, 49, 413–
430. 

Schreiber, D.A. & Abbeg, G.L. (1991). Scoring Student- Generated Concept Maps in Introductory College 
Chemistry. Paper prepared for The National Association For Research in Science Teaching Annual 
Meeting, Lake Geneva, WI, April 7-10. 

Sims-Knight, J.E., Upchurch, R.L., Pendergrass, N., Meressi, T., Fortier, P., Tchimev, P., VonderHeide, R. & 
Page, M. (2004).  Using Concept Maps To Assess Design Process Knowledge. Frontiers in Education, 
34th Annual, 2, 6-10. 

Stoddart, T., Abrams, R., Gasper, E. & Canaday, D. (2000). Concept Maps as Assessment in Science Inquiry 
Learning - A Report of Methodology. International Journal of Science Education, 22(12), 1221- 1246. 

Taricani, E.M. & Clariana, R.B. (2006). A Technique for Automatically Scoring Open-Ended Concept Maps. 
Educational Technology Research and Development 54(1), 65-82. 

Turns, J., Atman, C.J.& Adams, R. (2000). Concept Maps for Engineering Education: A Cognitively Motivated 
Tool Supporting Varied Assessment Functions IEEE Transactions on Education, 43(2), 164-173. 

Walker, J.M.T. & King, P.H. (2002). Concept Mapping as a Form of Student Assessment and Instruction. 
Journal of Engineering Education, 19(3), 167-179. 

West, D.C., Park, J.K., Pomeroy, J.R. & Sandoval. J. (2002). Concept Mapping Assessment in Medical 
Education: a Comparison of Two Scoring Systems. Medical Education, 36, 820- 826. 

West, D.C., Pomeroy, J.R., Park, J.K., Gerstenberger, E.A.& Sandoval, J. (2002). Critical Thinking in Graduate 
Medical Education. A Role for Concept Mapping Assessment?. Medical Education 36(9), 820-826. 

Yin, Y., Vanides, J., Ruiz-Primo, M.A., Ayala, C.C. & Shavelson, R.J. (2005). Comparison of Two Concept-
Mapping Techniques: Implications for Scoring, Interpretation, and Use. Journal of Research in Science 
Teaching 42(2) 166–184.  

Zapata-Rivera, J.D., Greer, J. E. (2002). Construction and Inspection of Learner Models, Proceedings of CSCL, 
495-496. 


