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Abstract

In order to examine the association between concept mapping and students’ achievements in an university introductory statistics course an experiment was carried out. The data for this study was collected in the autumn 2001 in an introductory statistics course for educational science students (N = 125) at the University of Joensuu. Approximately every fourth student was randomly selected to the concept-map group. During the course these students constructed two individual concept maps on the basis of the course content. Some quintessential key words were given beforehand. The rest of the students carried out the course traditionally. A diagnostic test measuring the students’ prior knowledge and attitudes was administrated to all students. Students’ achievements were measured in an ordinary exam (at the end of the course). The differences (in course success) between the traditional group and the concept-map group were compared and the validity of concept mapping as an assessment tool was evaluated. Some empirical results will be presented and the practical benefit for elementary statistics education will be discussed.

Introduction

In the recent two decays, concept maps have been widely used both to promote and to measure meaningful learning in various disciplines, especially in science teaching (Kinchin 2000a; Novak & Gowin 1984). It has also been applied in a range of contexts such as teacher education (Trent et al. 1998) and evaluation of students’ misconceptions (Bartels 1995) or conceptual change (Kinchin 2000b; Trent et al. 1998; Wallace & Mintzes 1990; Trowbridge  & Wandersee 1994). The use of concept maps as an assessment tool of academic achievement is an important recent application (Aidman & Egan 1998; Parkes et al. 2000; Wilson 1994), and will form the focus of the present study in the context of an introductory statistics course for the education degree students in a Finnish university. More specifically, this study aims at examining how the students’ concept map working support their learning process and how it is related in their learning outcomes. In addition, results of the study will bring valuable knowledge, the viewpoint which has been emphasized in previous studies (Slotte & Lonka 1999); in what circumstances and what way concept mapping is truly effective to use as a tool for support students´ representation of statistical knowledge and what methodological limitations and improvements we have to take account in the future concept map research settings.

This study is a relatively new conquest because only a few studies (e.g., Roberts 1999; Schau & Mattern 1997) have been reported using this technique in statistics instruction until now. Roberts (1999) used concept maps to measure university science students’ understanding of fundamental concepts in statistical inference and problem definition. Concept map scores were also compared with marks awarded for the practical assignment students made after their practical statistical investigation. Schau and Mattern (1997) suggest that concept maps constructed by the students may stimulate their connected understanding and enhance the formation of networks of interrelated propositions in statistics.

Much of the recent reform movement in education, especially in mathematics and science, has been based on the constructivist theory of learning. This theory explains the process of learning as actively constructing knowledge, which interacts with previous knowledge, beliefs, and intuitions. Therefore, we should encourage our students also in statistics classes  (e.g. Moore & Cobb 1995; Rautopuro 1999) to be actively involved in their own learning and offer a learning environment that stimulates active learning. Thus, also tools for assess students´ learning and achievement should be in congruence with constructivist theory of learning. In it’s worst, a traditional essay/written examination does not provide an adequate forum for a diversity of learners to demonstrate their skills profile and the breath of learning. In fact, traditional examinations have even been noticed to be dysfunctional for the students leaning process because they easily result in superficial and trivial learning (e.g., Entwistle et al., 1993). This emphasis on the cognitive theory in research on learning (e.g., Brown et al. 1992) has contributed to the changes in the methods of assessment, which better take into attention the nature of learning as a complex and contextual action. Forms of authentic and performance oriented assessments in the educational settings are increasingly incorporated into evaluations of instruction and students’ learning. (Wiggins 1993.)

Modern cognitive theory recognizes that higher-order thought and the ability to perform complex skills depend on the interaction of knowledge and the self-monitoring of mental processes associated with metacognition. According to cognitive theory, learning is a constructive, socially-mediated process and problems should be posed in a domain-specific context with a focus on rules and approaches for solving such problems. (Brown et al. 1992.)  Concept maps, among other strategies of authentic assessment, encourage meaningful learning and conceptual understanding (Roberts 1999; Shavelson et al. 1993). These methods are believed to help students to assimilate well-integrated, strongly cohesive frameworks of interrelated concepts as a way of facilitating ‘real understanding’ of (natural) phenomena (Mintzes et al. 2001). In this study, by analysing and comparing concept map- and non-concept-map groups´ students’ knowledge of statistics before and after introductory statistics course we can also conclude how concept mapping facilitates students’ conceptual change in understanding statistical concepts.

Theoretical Background

The Structure of Statistical Knowlegde 

Conceptual understanding of statistics is usually considered as one of several aspects of statistical knowledge. More specific, three key concepts of statistical knowledge – conceptual understanding (Schau and Mattern 1997), statistical reasoning and statistical thinking (Chance 2000) – are hierarchically related. To be able to reason statistically, a student needs to possess knowledge and know how to tie their knowledge of statistical ideas and concepts into a network of interrelated propositions (Broers 2001). To be able to think statistically is indicative of an overall mental habit, developed on the basis of a long experience in statistical reasoning with respect to independent problem situations. The complex nature of statistical knowledge causes learning problems for many university students. Consequently, there have been attempts to overcome these problems. If concept mapping fosters students learning as suggested on literature, it should also help them to overcome difficulties in statistics learning.  

There are several reasons why statistics is a difficult subject for non-specialists, not just from the point of view of the student but from the teacher as well. First, statistics involves essential concepts that are abstract and complex in nature, such as randomness, distributions of sample statistics, and the probabilistic nature of statistical conclusions. Second, statistics requires analytical skills involving problem formulation, variable identification, and model building that are intrinsically difficult to teach. The most effective means of teaching these skills is by practicing them, but this is difficult to achieve under time constraints. Third, learning the technical tools of statistics requires some basic mathematical skills, but with the exception of science and engineering students, most non-specialists lack a strong background in mathematics. Finally, effective use of statistics requires the ability to synthesise and interpret various components and analyses into a coherent whole, and to communicate the results clearly through memoranda or reports (Yilmaz 1996; Rautopuro 1999.). 

Structural representation of knowledge within memory is a factor not only of the organisation of a person’s knowledge but also of the interrelationships among ideas (Ayersman 1995). Schau and Mattern (1997, p.91) observed "... a critical weakness in post-secondary students who have taken applied statistics courses: they lack understanding of the connections among the important, functional concepts in the discipline." Without understanding these concepts, students cannot effectively and efficiently engage in statistical reasoning and problem-solving. They remain novices. They have   "isolated" knowledge about various concepts; for example, they may be able to

calculate a standard deviation and a standard error. However, they do not understand how these concepts are related (and distinguished) and so make application errors, such as   using one concept when they should have used the other. (Schau & Mattern 1997, 91.)

Concept Map as a Tool for Learning Statistical Knowledge

Our study focused on the ways in which students represented knowledge as a result of instruction of introductory statistics. Knowledge representation reflects the way in which information is linked in individually meaningful ways in relation to cognitive psychology’s proposed models of memory (Ayersman 1995). As an aid towards visualizing a network of connected concepts has been applied for use of a concept map (as developed by Novak and Gowin 1984). Concept mapping is a highly flexible tool that can be adapted for use almost any group of learners in education, students and teachers from primary schools to universities, for example concept mapping has been referred as a cognitive tool that facilitates transferring of performance and comprehensive learning (e.g. Parkes et al. 2000). 

Concept mapping is based on Ausubel’s theory of meaningful learning. In concept mapping process the learner is required to make a conscious effort to identify the key concepts in new information and relate them to concepts in her existing knowledge structure. Therefore, concept maps represent the structure of students’ ideas, with emphasis on the relations between ideas. A critical component of students’ cognitive understanding is the negotiation among the many concepts and ideas they are continually processing (Ayersman 1995). The graphical representation of information reflected by concept maps depicts the students’ knowledge structures of statistics and relationships among concepts. Concept maps are graphical representations of an individual’s knowledge framework, and usually they consist of nodes and labelled lines. (Novak, Gowin & Johansen 1983; Novak & Gowin 1984.) The nodes correspond to relevant concepts in a domain and the lines (links) express a relationship between a pair of concepts. The label on the line expresses how two concepts are related (Shavelson, Lang & Lewin 1993). The lines (visually displayed as one- or two-headed arrows) should be labelled so that the meaning between the two concepts (nodes) is explicitly expressed. The combination of two concepts and a label line is referred to as a proposition, which is a unit of factual knowledge – or “the smallest item of knowledge that can stand as an assertion” (McNamarra 1994).

In concept maps, hierarchical structure and integration of concepts (cross-links between branches of concepts) are indices of an elaborated map (Novak, Gowin & Johansen 1983; Novak & Gowin 1984) and can reflect a more elaborated cognitive structure on the given sphere of knowledge of an individual.

Traditional concept mapping has also certain limitations for revealing representations of the structure individual’s statistical knowledge. The specific domain of statistics and students´ lack of prior knowledge combined with briefly introduced graphic tools and very short time to construct the concept map may not support effectively students for achieving their learning tasks (Slotte & Lonka 1999).  In the present study, spontaneously made concept maps were used as a cognitive tool that facilitates transferring of performance and comprehensive learning. Slotte and Lonka (1999) define spontaneously made concept maps: ”…, that is, maps constructed by students who use this graphic metacognitive tool without its being strictly experimenter-imposed” (p. 515). In our study, students got only a list of some key concepts of statistics and very flexible instructions to construct concept maps. Therefore, these maps could vary substantially in their extent and complexity. In addition, the students could use the whole course duration to reconstruct and edit their concept maps and this may assist students to build schemata for understanding concepts and their relations. While participating the lessons and laboratory working and simultaneously building the concept map, the students may be more actively engaged in analysing the contents of this course. 

To conclude, concept-mapping is a cognitive tool which can be useful in transferring students’ knowledge across learning tasks. Parkes and others’ (2000) suggested that concept maps seem to bring consistency to the student’s performance in exams, i.e., it reduces construct-irrelevant variance while increasing construct-relevant variance. Then, concept maps seem able to minimize context specificity of tasks and help the student focus on the underlying conceptual framework.  

Research Problems

The aim of this study is to examine the relationship between concept map scoring and formal exam scoring, examining the effect of concept-mapping on learning outcomes, elaborating an accurate criteria for evaluating concept maps and studying the effect of concept mapping on students’ learning process and overcoming their misconceptions. 

Methods and Data Collection

The data for this research was collected in the autumn 2001 in an introductory statistics course for educational science students (N = 125) in the University of Joensuu. The content of the course focused on descriptive statistics and consisted of description of distributions (tables, graphs, measures of central tendency and variation, for example), description of relationships (crosstabulation, correlation and regression) and data collection (sampling methods and elementary experimental methods). The students were given 28 hours lectures and the course also included 14 hours laboratory work in small groups. 

The study used an experimental design with an experimental group (a concept-map group) and a control group (a non-concept-map group). Study groups were in balance with no bias in the entry level of central measures (prior knowledge in and beliefs of statistics). Approximately every fourth student (n = 32) was randomly selected to a concept-map group. The rest of the students (n = 93) carried out the course traditionally. These students constructed two concept maps during the course on the basis of the course content and some quintessential keywords that were given beforehand. The first concept map dealt with descriptive statistics and the second one examining relationships. 

When planning the scoring system of the concept maps, many different schemes for scoring presented in the literature were reviewed. The predominant scoring system stems from the work of Joseph Novak and it entails scoring the number of concepts the person links, levels of hierarchy, valid relationships, branching, cross-links and examples. The several weighting schemes that have been used to quantify these elements involve manual scoring by domain experts and in some cases determination of interrater reliability (e.g., Markham, Mintzes & Jones 1994; Trent et al. 1998; Oughton & Reed 2000; Shavelson & Ruiz-Primo 2000). These previous studies have pointed out that analysis and categorisation is a valid strategy to assess students´ concept maps.

In our research the concept maps were scored applying the idea of Lyn Roberts (1999). The scoring scheme consisted of evaluating the terms used (concepts and nodes), linking the concepts (lines), proposing on the links, hierarchies understood and examples given. When evaluating the terms, links, propositions and hierarchies a six-stage scale was used. The examples given were grated using a three-stage scale (see Table 1). In order to score the students’ concept map one expert map (authors Rautopuro & Valtonen) was constructed on the basis of the key word list. Both authors evaluated the concept maps together and the evaluation of a couple of ambiguous or confusing details was decided together.

Table 1. The scoring scheme of the concept maps

The feature evaluated
Points
Specification

Terms used

Links

Propositions

Hierarchies
0

1

2

3

4

5
Majority incorrect (or missing) or no statements given.

Essential part (50 – 80%) incorrect, missing or misunderstood.

Concepts insufficient (over 50% presented or understood).

Concepts essentially right (60 – 80%).

Concepts almost perfect (over 80%).

Concepts almost perfect and some extra given.

Examples
0

1

2
No examples given.

Some examples given (given examples support the concepts).

Substantial count of examples given.

At the beginning of the course a diagnostic test measuring the students’ prior knowledge of statistical concepts (on the basis of school mathematics, for example) and a questionnaire measuring attitudes concerning the usefulness of statistics and statistics as a subject were administered to all students. The diagnostic test measured the students’ prior knowledge of some statistical concepts to be presented at the course. Four assignments concerning counts, proportions, scatterplot and relationship between qualitative variables were given. Each assignment was evaluated by a four-stage scale from 0 points (no answer or answer totally wrong) to 3 points (the answer and the explanation right).  The students’ attitudes were measured by using both structured (Likert scale) questions and open-ended questions. A part of the questions concerning the attitudes were repeated to the students at the end of the course. 

Students’ learning achievements were measured in an ordinary exam at the end of the course. The exam consisted of five assignments covering the content of the course. Each assignment was evaluated form 0 to 6 points, so the maximum score of the exam was 30 points. The students in the concept-map group were given a few extra points to their exam score. 

The data collected were analysed mainly by using various statistical analyses. The association between the concept map scores and the course grade was analysed by using correlations. When modelling the relationship between the course achievement and some explanatory variables (the concept map scores, pre-test scores and mathematics school grade) multiple regression analysis was applied. When analysing relationship between qualitative variables, say students’ learning experiences in different groups of the study, the chi-square test was used. The differences between the study groups were analysed by using parametric t-test and non-parametric Mann-Whitney-test. To analyse some changes in the students’ knowledge during the course the Wilcoxon match-pairs analysis was applied. Due to small sample size in some analyses the methods based on exact test and Monte Carlo-methods were applied. In order to construct the dimensions of students’ attitudes the principal component analysis and factor analysis were applied. 

Results 

The Association Between the Concept Map Scores and the Exam Scores

In total 32 students were randomly selected to the concept-map group. In the first phase 22 students retuned their concept maps and in the second phase 21 concepts maps was received. The evaluation of the concept maps (see the criteria in Table 1) can be seen in Table 2. 

Table 2. The evaluation of the concept maps


Mean
Median
Standard deviation
(Min, Max)

Concept map 1

(n = 22)

    Terms used

    Links

    Propositions

    Hierarchies

    Examples

    Total (max. 22)

Concept map 2

(n = 21)

    Terms used

    Links

    Propositions

    Hierarchies

    Examples

    Total (max. 22)
3.64

2.82

0.68

3.05

0.36

10.50

1.71

1.62

0.86

1.43

0.48

6.10
3.50

3.00

0.00

3.00

0.00

11.00

1.00

1.00

0.00

1.00

0.00

5.00
1.22

1.22

1.32

1.46

0.49

3.85

1.55

1.60

1.42

1.43

0.68

5.62
(1,5)

(1,5)

(0,5)

(0,5)

(0,1)

(2,17)

(0,5)

(0,5)

(0,5)

(0,5)

(0,2)

(0,18)

The students’ achievements in the diagnostic test (in the beginning of the course) and in the course exam are presented in Table 3.

Table 3. The students’ achievements (n = 125)


Mean
Median
Standard deviation
(Min, Max)

Diagnostic test
     Frequency distribution

     Proportions

     Scatterplot

     Nominal relationship

    Total (max. 12)

Exam
    Describing distribution

    Normal distribution

    Nominal relationship

    Regression

    Concepts (small essay)

    Total (max. 30)
2.19

1.66

0.94

2.55

7.33

3.17

4.62

3.38

3.98

2.75

17.90
2.00

2.00

0.75

3.00

7.75

3.00

6.00

3.00

5.00

3.00

18.00
0.82

0.75

0.80

1.02

1.75

1.35

1.88

1.67

2.01

1.55

5.56
(0,3)

(0,3)

(0,3)

(0,3)

(2.75,12.00)

(0,6)

(0,6)

(0,6)

(0,6)

(0,5.5)

(1,29)

The correlation coefficient between the sum of two concept maps and exam total (see Tables 2 and 3) was .46 (p = .037). When examining the two concept maps separately we found that the correlation coefficient between the first concept map score and exam total was .29 (p = .186) and the correlation coefficient between the second concept map score and the exam total was .40 (p = .068). If we look more closely to the items of concept maps and individual assignments of the exam, we can see that the most important items to effect course exam total are proposing on the links of the second concept map (r = .602, p = .004) and understanding hierarchies in the second concept map (r = .43, p = .055). These two variables also had highest correlations to individual assignments of the exam. 

There is also some other research in statistics that has found some indication about the relationship between students’ concept map scores and exam scores. Roberts (1999), for example, found in her study significant correlation between aspects of the concept map scores and scores of practical assignment on a second unit in statistics course. (The one semester course was specifically designed for biology students and a group of 19 students participated.) There was a moderate correlation between scores on the problem definition maps and on the assignment (r = .42) and also a high correlation between the assignment scores and the statistical inference map (r = .77). In other fields of education similar findings exist. According to Aidman & Egan (1998), concept-mapping measures so far developed have shown only a non-existent to moderate correlations with achievement measures such as course grades and scholastic aptitude tests (cf. Novak, Gowin & Johansen 1983). However, associations have been stronger with tests requiring higher levels of understanding (Aidman & Egan 1998; Park 1993). Aidman and Egan (1998) found that concept maps correlated with more generic learner-appraisals, which they deemed to be more likely influenced by overall quality of learning practices than narrow domain achievements. Thus these findings provide further support to advocates’ (e.g., Markham et al. 1994) of concept mapping claims that it should lead to deeper level understanding and more meaningful (and less superficial) learning. 

Although the correlations indicate that some association between concept map scores and exam scores exists some further analyses are required. In order to predict the students’ achievements in the exam the multiple regression analysis (stepwise selection of predictors) was applied. As predictors (in addition to concept map scores) we chose the scores of the diagnostic test and some background information (maths school grade, for example) received from the questionnaire administered to the students in the beginning of the course.

Table 4. The results of the regression analysis (stepwise selection)

Dependent variable: Total exam score

Predictors
Regression

coefficient
Standard error
p-value

Whole data 

(F = 14.36, p = .000)

(R-square = .225)

     Diagnostic test score

     Maths school grade
2.998

1.757
1.127

.478
.009

.000

Concept-map group

(F = 10.19, p = .000)

(R-square = 0.643)
     Diagnostic test score

     Proposing on links

     (concept map 2)

     Hierarchies (map 1)
4.458

1.852

1.283
1.839

.637

.859
.027

.010

.044

When predicting the total exam score we can conclude that the students' prior knowledge measured in the diagnostic test in the beginning of the course is the main predictor (statistically significant both in the whole data and in the concept-map group). Predicting the total exam score using the multiple regression analysis, however, turn out to be an inadequate method as we can see when we examine the coefficient of determination (R-square). Only 22.5% of the variation of the total exam score can be predicted in the whole data. On the other hand, when we look more closely at the concept-map group we can see that the coefficient of determination is quite moderate (64.3%). The diagnostic test score has a statistically significant (p = .027) positive relationship to the final exam score, as well as the proposing on links of the concept map 2 (p = .010) and understanding of the hierarchies of the concept map 1 (p = .044).  

The Differences Between the Concept-map Group and the Traditional Group

The students’ progress and achievements at the course was measured by using a formal exam that consisted of five assignments. Some descriptive statistics of the concept-map group and the traditional group in different assignments are presented in Table 5. Although the means and standard deviations are presented, the differences between the groups is tested by using the Mann-Whitney test, due to small sample size of the concept-map group and also the sort of ordinal nature of the data.

As we can see from Table 5 concept mapping doesn't seem to help very much the students in their exam achievements. The traditional group gets better results almost in all the assignments of the exam and the difference is statistically significant in assignments "Normal distribution" (p = .018) and "Regression" (p = .044). Also the total result of the exam for the traditional group is significantly better (p = .045). The only assignment in which the concept-map group can compete the traditional group is the assignment "Concepts" which mean writing small essays about statistical concepts. Although the mean score of the concept-map group is slightly higher than the mean in the traditional group the difference is not statistically significant (p = .931).

Table 5. The exam scores of the concept-map group and the traditional group

Group
Describing distribution
Normal distribution
Nominal relationship
Regression
Concepts
Total

Concept map

      Mean

      Median

      Standard

      deviation

Traditional

      Mean

      Median

      Standard

      deviation
3.09

3.00

1.04

3.18

3.00

1.41
3.81

4.00

2.09

4.78

6.00

1.80
2.81

3.00

1.75

3.50

3.00

1.64
3.23

3.00

1.87

4.12

5.00

2.01
2.81

2.50

1.43

2.74

3.00

1.58
15.76

14.50

5.88

18.32

19.25

5.42

p-value
.797
.018
.100
.044
.931
.045

The advantage of the traditional group over the concept-map group can be, at least partly, explained by the arrangement of the experiment. The concept map was not used as a tool of assessment of the course and the students in the concept-map group got a few extra points added in their exam score, too. We deeply suspect that the students in the concept-map group did not put as much effort to the exam as did the traditional group. This fact could also be seen in some concept maps, which were not very well completed (see the evaluation of the concept maps in Table 2). These results are very similar with previous studies (Hodson 1998; Zimmaro et al. 1999; Parkes et al. 2000) and in the future concept map research settings this lack of effort to construct concept map and preparing the exam has to be solved, for example by using both tools for assessing the course.

Overcoming Misconceptions
The results of students' performances in the diagnostic test were shown in Table 3. When examining the individual assignments of the diagnostic test it was quite interesting to find out that many students had difficulties in understanding proportions (49.1 % wrong answers) and the regression line (quantitative relationship) in a scatterplot (73.6 % wrong answers). Instead, the students had a quite good prior knowledge about describing distributions and nominal (qualitative) relationship (less than 20 % wrong answers). 

Some assignments in the diagnostic test had a corresponding exercise in the final exam. Therefore, the progress of students' understanding during the course concerning some essential concepts could be followed. The progress was analysed by using the Wilcoxon matched-pairs test (Table 6).

Table 6. The changes in students' understanding in some concepts during the course


Describing distribution
Understanding

proportions
Nominal 

relationship
Regression

Concept-map group

     Negative changes

     Positive changes

     Ties

      p-value
12

2

7

.006 < p < .014
4

11

6

.087 < p < .109
8

3

10

.156 < p < .184
0

8

13

.005 < p < .012

Traditional group

     Negative changes

     Positive changes

     Ties

     p-value
33

14

38

.000
10

56

19

.000
52

9

24

.000
10

53

22

.000

Once again, Table 6 does not give much evidence of the benefit of the concept map. In addition, the results of the table are quite confusing. Due to the greater sample size, of course, the statistical significance of the changes is more outstanding in the traditional group than in the concept-map group, but the sign of the changes is same in the both group in each assignments. According to the results all the students (both in the concept-map group and in the traditional group) have developed their skills in more abstract skills (proportions and regression) but declined in their skill in more practical assignments (describing distributions and nominal association).

The Learning Process Experienced by Students

The students’ learning process was examined by some open-ended questions and some structured (Likert scale) statements concerning factors to influence on one’s learning. The open-ended questions consisted questions about student’s own impression of their learning (themselves as learners), student’s impression about the support of the teaching during the course for their learning and self experienced hiccups during the course. The students´ written answers were categorised qualitatively and after that quantified as a numeric variables. The results are shown in Table 7.

Table 7.  Student’s self experienced learning experiences 


Concept map 

group
Traditional 

Group
Total

Student's own impression of learning during the course

        Weak

        No motivation/learning 

        by heart

        Self experienced 

        Understanding

Chi-square = 1.34, df = 2

P = .511
18.2%

45.5%

36.4%
28.3%

28.3%

43.3%
26.8%

31.0%

42.3%

The support of the course for one's learning

       Weak

        Lectures/laboratory 

        working support

        Teaching as a whole

Chi-square = 2.03, df = 2

P = .362
50.0%

8.3%

41.7%
32.4%

23.5%

44.1%
35.0%

21.3%

43.8%

Hiccups during the course

        No hiccups

        Temporary hiccups

        Permanent hiccups

Chi-square = 9.16, df = 2

p = .010
38.5%

23.1%

38.5%
15.5%

67.6%

16.9%
19.0%

60.7%

20.2%



On the basis of Table 7 we can once again conclude that there is not very much difference between the learning experiences of the concept-map group and the traditional group. The only statistically significant difference (p = .010) can be found from the hiccups during the course. Our results show that the distribution of hiccups in the traditional group is “nearly normal” (a lot of temporary hiccups but only a few no hiccups or permanent hiccups). In the concept-map group the shape of the distribution is totally opposite. The students in the concept-map group are more likely to pass out the course with no hiccups or having permanent hiccups. 

The students’ answers to structured (Likert scale) statements concerning factors to influence on one’s learning (16 items) were reduced to three principal components named “Active learning process”, “Active learning tools” and “Formal teaching”. Some other ways of reducing the data, say different factor extractions and rotations, were examined, but the result of the principal component analysis was the one to interpreted. The results (component loadings) of the principal component analysis are shown in Table 8.

Table 8. The results of the principal component analysis


Active learning process
Active learning tools
Formal teaching

Teacher-student interaction

Teacher's pedagogical competence

Personality of the teacher

Student's interest

Students' co-operation

Quick feedback

Versatile teaching equipment

Learning diary

Concept map

Web-material

Team work

Text book

Lectures

Lecture material

Laboratory working

Scientific competence of the teacher

Cronbach's alpha for the main loading variables
0.714

0.708

0.707

0.610

0.610

0.536

0.491

0.75
0.671

0.627

0.583

0.550

0.538

0.62
0.810

0.675

0.527

0.351

0.55

Although the interpretation of the result shown in Table 8 is quite clear, it doesn’t give very much proof of the effect of the concept map. When we analysed the differences between the concept-map group and the traditional group (Mann-Whitney test) in these principal components, no statistically significant differences were found (p-values > 0.350).

Conclusions

The results of our study are in some degree confusing. Some association between the concept map scoring and the exam scoring could be found. This result indicates that concept mapping might be used as a tool of assessment, at least to some extend. On the other hand, no evidence about the positive effect of concept mapping on learning results or effect on the students’ learning processes could be pointed out. 

One main reason for the confusing results is the arrangement of the experiment. The concept maps made by the students were not used as a tool of course assessment. Therefore, many students did not put so much effort on constructing their maps. On the other hand, the students in the concept map group also got some extra points added into their exam score as a reward of being a member of the experiment group. These “free” exam points apparently caused some students to cut down their efforts on final exam into minimum.

The validity of this study should be also analysed from the view of students´ concept mapping process. Previous studies (see Hodson 1998;  Zimmaro et al. 1999; Parkes et al. 2000) indicate that all students do not necessary fully implement concept maps. Other words, some students expressed confusion about how the maps should help them. There is then a need for gather supplement information from students´ learning process and aim to engage students to concept mapping as a one essential part of their learning process. In this study, we did not know students´ proficiency of concept mapping and for this reason we used the spontaneous concept mapping (Slotte & Lonka 1999) which allows student to construct individual form for concept map. In addition, to encourage students to conduct and receive concept maps at the end of course the concept-map group got five points attached the sum of the final exam scores. And finally, at the end of course students reflect their learning process by answering in open questions in which they analyse their own impression of learning during the course, the support of the course for one's learning and hiccups during the course

The importance of student misconceptions and the impact they have on further learning has been well documented in the research literature (Kinchin 2000). In a large proportion of the studies reported, concept mapping has been used as a tool to reveal these misconceptions. In further analyses of the students’ concept maps these misconceptions need to be examined more closely. Many such misconceptions are so common among students of any given age group that they can be anticipated. 
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