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Abstract The purpose of this study was to gain insight into the development of student

knowledge in pre-vocational secondary education schools which differ in the manner and

extent to which they have implemented characteristics of competence-based education.

The implementation of these characteristics was examined using a teacher questionnaire

and the development of knowledge was investigated using concept mapping. The results

showed that students developed slightly more knowledge in learning situations with fewer

characteristics of competence-based education. The organisational characteristics of the

learning situations were further found to be distinctive for the development of knowledge.

Keywords Competence-based education � Concept mapping � Knowledge development �
Vocational education

Introduction

This research focused on the development of student knowledge within the context of

recently-developed (competence-based) learning environments in Dutch pre-vocational

secondary education (PVSE). There were several reasons for conducting this study. First,

during the last decades, learning environment research has grown considerably (Fraser

1998). The context in which learning occurs and through which learning outcomes are

affected has been mainly investigated in regular secondary education and in primary

education. Much less attention has been paid to the context of vocational education. For
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example, scanning the content of 11 volumes of the Learning Environments Research
journal showed that, out of more than 150 articles, 21 articles contained the word

‘vocational’, whereas only seven of these articles actually dealt with studies in the context

of vocational education and/or with vocational learning. Because large numbers of students

attend schooling in vocational education, the role of the learning environment in this

context deserves more attention. Second, research into learning environments has often

focused on the relation between motivational aspects of learning or student achievement

and students’ perceptions of the learning environment (Fraser 1998; Telli et al. 2007;

Wubbels et al. 2006). The development of knowledge, especially outside traditional subject

areas such as science or mathematics, has been scarcely investigated.

We chose to focus on the particular context of The Netherlands for specific reasons. In

The Netherlands, around 60% of children between 12 and 16 years of age attend pre-

vocational secondary education schools. PVSE curricula in The Netherlands differ in the

degree of difficulty (four levels running from basic to theoretical are distinguished) and in

the ratio of theoretical to practical subjects. Furthermore, PVSE in The Netherlands

encompasses programs in the four sectors of Care and Welfare, Technology, Business

and Agriculture. Currently, students in Dutch schools for PVSE are increasingly being

confronted with different forms of competence-based learning environments largely

based upon social constructivist conceptions of learning. The focus of learning in such

environments is on the development of competencies which are supposed to integrate

knowledge, skills and attitudes (Eraut 2004; Guile and Young 2003). Some schools have

advanced strongly in their development of competence-based education, while others have

only implemented a few elements as yet. This opens up opportunities for studying the

effects of non-traditional learning environments (Fraser 1998).

Competence-based PVSE schools generally strive to create powerful learning

environments that aim for students to work on complex and challenging learning tasks

and to develop problem-solving and collaborative learning skills (De Corte 2003; Könings

et al. 2005; Merrill 2002). In such environments, the manner in which the process of active

construction and integration of knowledge, skills and attitudes is guided appears to be

important (Kirschner et al. 2006; Van Merriënboer and Paas 2003). In research on learning

environments, characteristics of these environments often are classified into dimensions

which typically constitute a dimension concerning the content and organisation of the

environment and a dimension concerning the interaction between persons (e.g. Moos 1979;

Watzlawick et al. 1967). In this study, characteristics of powerful learning environments

were operationalised in similar dimensions, using the classification of De Bruijn et al.

(2005), consisting of a content dimension and a guidance dimension. The content

dimension concerns the manner in which learning content is dealt with in the learning

environment. The guidance dimension concerns the different types of student guidance

provided by teachers, such as modelling or the provision of feedback. The advantage of the

dimensions discerned by De Bruijn et al. (2005) is that these were originally developed for

competence-based learning environments in vocational education.

Competence-based education is assumed to foster the development and integration of

knowledge, skills and attitudes. Learning skills and attitudes occupy a more central

position in competence-based education than in traditional education. However, the con-

struction of knowledge still remains an important objective for students to become qual-

ified professionals. That is, knowledge is an essential component of competence and

necessary to make adequate decisions under different circumstances (Eraut 2004; Van der

Sanden 2004). As can be concluded from the first paragraph, little is known, however,

about the effects of learning environments on the actual knowledge development of PVSE
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students in general and those in non-traditional (competence-based) learning environments

in particular. The central question in the present research was therefore: What is the

relation between the development of PVSE students’ knowledge and characteristics of

competence-based learning environments? The answer to this question could contribute to

better understanding of the development of student knowledge in PVSE schools, which

differ in the extent to which and manner in which they implement the characteristics of

competence-based education. The extent to which the learning environment can be con-

sidered competence-based is expected to have a positive influence on the development of

student knowledge. For example, the implementation of characteristics of competence-

based education has been found to positively affect students’ self-regulated learning (De

Bruijn et al. 2005), development of skills and remembering acquired knowledge (Dochy

et al. 2003) and deeper learning (Blumberg 2000). In this study, the elaborateness and

organisation of the students’ knowledge were of particular interest as these aspects of

students’ knowledge have been found to be indicative of the quality and development of

their knowledge (Scardamalia and Bereiter 2006).

Knowledge development in competence-based education

Knowledge development

Competence-based education involves meaningful learning, which involves students in

relating learning content to their own personal interests and goals. That is, meaningful

learning (Ausubel 1968; Trigwell and Prosser 1991) involves the conscious integration of

new knowledge into the knowledge which the learner already possesses (Novak 2002).

Such integration surpasses rote learning which merely involves the more or less arbitrary

incorporation of unchanged new information into existing cognitive structures (Novak

2002). In contrast to rote learning, meaningful learning can promote the further develop-

ment of knowledge (Novak 2002; Pintrich et al. 1993). The construction of knowledge

involves concepts being related to each other and new concepts being integrated into

existing knowledge structures in a conscious and logical manner.

Research on learning environments and school effectiveness research is generally ori-

ented towards investigating the quantity of students’ knowledge. In this study, however,

attention was paid to the development of the quality and structure of students’ knowledge.

Regarding the quality and structure of knowledge, the elaborateness of student knowledge

and the way in which this knowledge is organised are important (Liu 2004; Sweller and

Sweller 2006; Vosniadou 2007). The development of knowledge is essential for a student

to become a competent beginning professional, and it is expected that meaningful learning

and the development of knowledge are effectively promoted by competence-based

education (Biemans et al. 2004; Gulikers et al. 2005). Learning situations with compe-

tence-based characteristics are supposed to be powerful and thereby elicit knowledge

construction. This could be accomplished, for example, via the integration of related

subject areas, the adoption of authentic situations as the starting point for knowledge

construction and the creation of room for student input. In schools which have adopted

such characteristics, students are also likely to organise that which is learned in a different

manner. For example, that which is learned in competence-based learning situations can be

linked to real-life working situations and go beyond direct school subject matter more than

in traditional learning situations, because the learning content is more relevant for the

students to start with (Van der Sanden 2004).
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Competence-based learning environments

Characteristics of competence-based learning environments are of critical importance for

the promotion of meaningful learning and the development of knowledge. In learning

environments research, dimensions that influence learning are often distinguished (Moos

1979; Watzlawick et al. 1967) and, because of the innovative character of competence-

based education, it is important that proper attention is paid to the influence of these

dimensions and accompanying characteristics. In prior research by De Bruijn and Over-

maat (2002) and De Bruijn et al. (2005), a content and a guidance dimension of compe-

tence-based learning environments were used to describe the degree to which learning

environments in Dutch vocational education could be considered powerful. The content

and the guidance dimensions each consist of several components.

De Bruijn et al. divide the content dimension into four components along which schools

can differ: the actual subject matter (e.g. authenticity of the subject to be studied, inte-

gration of subject areas, tasks which resemble professional practice, learning-to-learn); the

structure and range of the subject matter (e.g. the adoption of competencies and authentic

situations as the starting point for the learning and practice of knowledge and skills); the

delivery of the subject matter (e.g. use of a mixture of teaching methods, different sources

of information, input from students, interaction with students); and forms of processing for

the subject matter (e.g. active learning, exploratory learning, reflective learning) (De Bruijn

and Overmaat 2002; Schelfhout et al. 2006; Sluijsmans et al. 2008; Wesselink et al. 2007).

The guidance dimension concerns: characteristics of the systematic guidance provided by

teachers, experts and peers; the guidance, clarification and promotion of the student

learning trajectory via a fixed program order; the provision of guidance aimed at the

learning of skills; and the guidance of learning processes using different forms of guidance

(e.g. instruction, demonstration, thinking aloud, allowing autonomous student work, active

support, scaffolding, provision of help when necessary, evaluation, feedback) (De Bruijn

and Overmaat 2002; Entwistle and Peterson 2004; Schelfhout et al. 2006; Van Grinsven

and Tillema 2006).

De Bruijn translated these dimensions into a questionnaire with scales consisting of

items belonging to the content and guidance dimensions. Three content scales were dis-

tinguished, namely, Type, Power and Customary (De Bruijn and Overmaat 2002; De

Bruijn et al. 2005). The Type scale reflects the degree to which the organisation of the

learning situation can be typified as potentially powerful in terms of the four components

of the content dimension of competence-based education. The Power scale reflects the

degree to which those components considered powerful in advance were actually realised

in the particular learning situation. The Customary scale reflects the extent to which less

powerful characteristics are present in the organisation of the relevant learning situation

and, as such, can be considered a control variable. For the guidance dimension, three scales

were distinguished, namely, Strong Guidance, Total Guidance and Growth (De Bruijn and

Overmaat 2002). Strong Guidance reflects the provision of systematic guidance, structured

learning routes and the tools which students need to perform the necessary tasks. Total

Guidance reflects the nine different forms of guidance which could be provided during the

student’s education. Growth reflects the provision of relatively more guidance in the later

years of a student’s education than in the initial years, and is calculated as a difference

score (degree to which the nine forms of guidance were used in students’ later years minus

degree to which the nine forms of guidance were used in students’ first years). Analysis of

the data by De Bruijn et al. resulted in a classification of the schools across the dimensions,

with three types discerned: schools scoring above average on both dimensions; schools
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scoring below average on both dimensions; and mixed schools scoring high on one but low

on the other dimension. Results of the study by De Bruijn et al. showed that only a few

learning environments of the participating schools could be described as strongly com-

petence-based (De Bruijn and Overmaat 2002). Ambiguous relations between learning

environments characteristics, motivation and course results were found (De Bruijn et al.

2005). For example, some learning environment characteristics had a negative influence on

student motivation whereas others had the expected positive influence. However, the

dimensions and accompanying scales did have a positive influence on student progress (De

Bruijn et al. 2005).

Reliability analysis resulted in Cronbach alpha coefficients of between 0.55 and 0.85.

(Except for the Strong Guidance scale, every scale had sufficient reliability.) Analysis for

construct validity showed that the content dimension scales of Type and Power correlated

positively and that negative significant correlations were found between both the Type and

Power scales and the control variable Customary. The guidance dimension scales of Strong

Guidance and Growth were also positively related.

In this study, the instrument of De Bruijn was used to describe and classify the learning

environments. In accordance with other research into learning environments, perceptions

of the learning environment were used to investigate its characteristics (De Bruijn and

Overmaat 2002; De Bruijn et al. 2005). In this research, teachers’ perceptions of the

learning environment that they created were used because relatively new learning envir-

onments were investigated. Therefore, it was expected that students would not be very

capable of judging a situation to which they were not accustomed yet.

Measuring development of students’ knowledge

In order to measure the development of students’ knowledge in terms of elaborateness and

organisation, a suitable research method had to be selected for the present study.

Knowledge is often measured using tests (Linn et al. 1991). An alternative method is

concept mapping, which is typically used for knowledge elicitation in groups (e.g. as a tool

for brainstorming by professionals or other experts), as a learning strategy (e.g. as an aid

for studying or writing structured texts) or as an instrument for assessment and diagnosis

(Akinsanya and Williams 2004; Budd 2004; Buzan 1991; Trochim 1989). Concept map-

ping can also be used for visualising the organisation of people’s knowledge and the

elaborateness of this knowledge (cf. Akinsanya and Williams 2004; Boekaerts and Simons

2003; Novak 2002). Similarly, the development of learners’ knowledge can be investigated

and evaluated across a given time span using concept maps. Concept maps consist of

knowledge in terms of concepts and the relations or links between those concepts (Novak

2002). When analysing concept maps, attention can thus be paid to the number of nodes

and links, the relevance and relative importance of the concepts in the maps, the types of

connections between the concepts, the depth (i.e. number of layers) in the maps and the

general content of the maps (i.e. clusters of concepts) (Liu 2004; Mavers et al. 2002; Ruiz-

Primo et al. 2001). These features provide information on the quality of knowledge

regarding a particular topic and appear to be well-suited for the measurement of PVSE

students’ knowledge over time. The elaborateness and organisation of student knowledge

can be investigated by means of concept mapping, allowing for measurement separate from

context or school type, which would not be possible using traditional tests.

In research on learning environments and school effectiveness, the development of

students’ knowledge has been found to be influenced by not only the learning environment
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but also by gender, age and prior knowledge. Girls often demonstrate greater knowledge

development than boys (Van Langen et al. 2006). Studies in the field of developmental

psychology also show that age affects the learning process and the degree of knowledge

elaboration and organisation (Gathercole 1998). Those students with greater prior

knowledge also have been found to perform better when such learning outcomes as the

elaboration and organisation of knowledge are measured (Boekaerts and Simons 2003).

This can cause differences between students within PVSE. Although little research has

been conducted into the development of knowledge of PVSE students, their prior

knowledge certainly can differ across PVSE sectors and programs.

Based on the theoretical framework, we can now formulate more specific research

questions:

• How do the learning environments as perceived by teachers and classified in three types

(above average, below average and mixed) relate to the development of student

knowledge in PVSE?

• How do the content and guidance dimension of competence-based education as

perceived by teachers relate to the development of student knowledge?

• How do the background variables of age, gender, sector and program relate to the

development of student knowledge?

Methods

Participants and context of the study

Dutch PVSE consists of four programs in four sectors. As described earlier, the four

programs differ in their degree of difficulty and in the ratio of theoretical to practical

subjects. For example, in the basic vocational program (the most practice-oriented pro-

gram), students mainly follow vocational subjects at a basic level of difficulty. In the

combined and theoretical programs (the more theoretical oriented programs), students are

mainly engaged in general subjects at a higher level of difficulty. The difficulty of the

middle management vocational program is in between that of the basic and the combined

programs.

A convenience sample across different PVSE programs in the south of The Netherlands

was selected based on the schools having elements of competence-based education. The

students involved in the study came from either the Care and Welfare or Technology

sectors and from different learning situations (n = 14; see Table 1). All learning situations

in this study involved a new project or topic studied over a period of several weeks. One

shared aspect of all learning situations was that attention was paid to the development of

knowledge. Knowledge and the concepts relevant to general education subjects (e.g.

mathematics, geography) played an important part in all of the situations. Another shared

aspect of all situations was that a core concept could be distinguished and thus provide the

basis for the construction of a concept map by the students. All of the situations lasted for

about 25 hours of scheduled education across a period of 8–10 weeks.

Students (N = 812) participating in the present study were in the first, second or third

year of PVSE. The PVSE students came from different programs which varied from

mainly practice-oriented to mainly theory-oriented. Two groups of students (64 of the 812

students) were also included from the first or second year of Vocational Education and

Training (VET; secondary vocational education) in order to examine the possible
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differences between PVSE and VET students (i.e. students of different levels). Some of the

first- and second-year students had not chosen a sector as yet as this simply was not

possible in their school; this is indicated with an x in Table 1. Teachers involved in the

investigated learning situations participated voluntarily in the study. All teachers had more

than three years of teaching experience and were involved in the development of tasks in

the learning situations. Although all teachers responded, some students didn’t respond

because of absence, illness or incomplete data. In subsequent multilevel analysis, missing

values were replaced with estimates using the missing values analysis command in SPSS

(Trautwein and Lüdtke 2009).

Data collection

Two types of data were collected: information regarding the learning situations; and

information regarding the development of knowledge. The development of student

knowledge was investigated using concept mapping. A pretest and a posttest were

administered in order to compare the quality of students’ concept maps and knowledge

across a period of 8–10 weeks in which they were involved in a particular project. Prior to

pretesting, a questionnaire was administered to the teachers to obtain information about the

extent to which and manner in which characteristics of competence-based education were

implemented by them.

Learning situations questionnaire

Because learning situations could differ in the degree to which they involve elements of

competence-based education, we administered a questionnaire in which teachers, also

involved in the development of the learning situation, were asked to describe the manner in

Table 1 Participants involved in the study

Learning
situation

Year Sector Program Number of
students

A 1 ? 2 Technology Both practice and theory-oriented 49

B 1 Technology Mainly practice-oriented 41

C 2 Technology Mainly theory-oriented 17

D 2 Care & Welfare Mainly practice-oriented 114

E 2 Care & Welfare Mainly practice-oriented 14

F 1 ? 2 x Both practice and theory-oriented 103

G 2 x Both practice and theory-oriented 205

H 3 Technology Mainly practice-oriented 14

I 3 Care & Welfare Mainly practice-oriented 34

J 3 Care & Welfare; x; x Mainly practice-oriented; mainly theory-
oriented; mainly theory-oriented

66

K 3 x Mainly theory-oriented 62

L 3 x Mainly theory-oriented 29

M 1 VETa Technology Level 4 22

N 2 VET Technology Level 2 42

a VET Vocational Education and Training; PVSE prepares students for VET training

x = In this school, no sector had to be chosen in the year the students were in
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which the education was organised (De Bruijn et al. 2005). The procedure developed by De

Bruijn et al. (2005) was followed for the scales, dimensions and the identification of types

of learning environments. The questionnaire contained items about the two dimensions

consisting of characteristics of competence-based education. More specifically, the ques-

tionnaire consisted of four groups of three questions each regarding one of the four

components of the content dimension of competence-based education and one group of

three questions regarding the guidance dimension. For the content components, each time a

series of three related elements of competence-based versus three related elements of more

traditional forms of education were mentioned, the respondents had to indicate (a) which of

the two series of descriptions was preferred, (b) which of the two series of descriptions best

fitted the current learning situation and (c) the extent to which the mentioned elements

were present in the current learning situation (see Fig. 1 for an example). Respondents had

four answering options for each of the content items with respect to preferred or actual

situation: (1) closer to the first than to the second series of statements, (2) closer to the

second than to the first series of statements, (3) completely according to the first series of

statements, and (4) completely according to the second series of statements. A three-point

scale was constructed for the subquestions asking for the degree to which each of the

statements in the series was true for the current situation (question c): Not at all, To some

degree or To a large degree. Based on all these questions, three content scales were

constructed, namely, Type, Power and Customary (see the section on competence-based

learning environments). The scales provide information about the degree to which the

content components are implemented in the learning situations.

The group of three guidance elements concerned the systematic guidance provided

while the students learned independently. Respondents had to indicate for one item con-

taining two series of three statements (a) which of the two descriptions was preferred,

A B
Fig. 1 Sample questions related
to the component of the actual
subject matter a
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(b) which of the two descriptions best fitted the current learning situation and (c) the extent

to which the elements mentioned in the descriptions were present in the current learning

situation. Answering options were similar to those for the content dimension items. An

additional 18 items addressed the extent to which nine forms of guidance distinguished by

De Bruijn et al. (2005; also see Introduction) were used. Using a five-point scale (from

Almost never to Very often), teachers were asked to judge the extent of provision of

guidance during the first years (9 items) and the final years of PVSE (9 items). (Examples

of items are: ‘‘Do teachers coach the students’ learning process?’’ or ‘‘Do teachers evaluate
the students’ learning process?’’) From these guidance items, three guidance scales were

constructed, namely, Strong Guidance, Total Guidance and Growth. These scales provided

information about the type and frequency of guidance provided by teachers in the learning

situations.

Concept maps

In order to investigate the development of student knowledge, the participants were

involved in a pretest and a posttest concept map. The pretest took place at the beginning of

the new project or when a new topic was introduced. The posttest was undertaken when the

project or the topic that was dealt with was completed. Each student thus had to draw a

concept map about the same core concept on two different occasions. Core concepts

involved in the study were, for example, ‘climate’, ‘safety’, and ‘sustainable energy’. Core

concepts were chosen in consultation with the participating teachers who also provided

information about what the students were expected to know about the core concept in the

end and thus allowed the researchers to judge the relevance of the content of the maps

created by the students. Students were instructed to construct a map of all their knowledge

with respect to the concept. More specifically, they were asked to (1) note 20–40 concepts

for themselves, (2) think about which concepts were related to each other in order to cluster

them and the relative importance of the different concepts and (3) write down everything in

a concept map which they thought was logical. The students were given an hour for this

task. The teachers were provided with a protocol to instruct PVSE students on the creation

of concept maps, and students were given a form on which to make the concept maps.

Background variables

The background variables of age, gender, PVSE sector and program and the type of

education (PVSE or VET) were measured by means of a short student questionnaire. For

subsequent analyses, a dummy variable was created for student gender (0 = Male, thus

representing the baseline; 1 = Female). An ordinal variable was created for the four PVSE

programs (ranging from 0 = Basic vocational program to 3 = Theoretical program).

Dummy variables were also created for the PVSE sector (0 = Care and Welfare;

1 = Technology) and for type of education (0 = PVSE; 1 = VET).

Data analysis

Learning situations questionnaire

Given that the learning situations questionnaire was expected to characterise the different

learning situations in terms of various aspects of the two dimensions of competence-based
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education in accordance with earlier research using the questionnaire by De Bruijn et al.

(2005), scales were constructed after administration of the questionnaire. As mentioned

before, three content scales Type, Power and Customary were distinguished. Also, three

guidance scales were distinguished, namely Strong Guidance, Total Guidance and Growth

(De Bruijn and Overmaat 2002).

Like in the study of De Bruijn and Overmaat (2002), most scales were found to have

sufficient reliability (see Table 2). The Total Guidance scale had a Cronbach alpha coef-

ficient of 0.60. However, because Bland and Altman (1997) suggest that alpha values of

0.60–0.70 are sufficient for non-traditional instruments, it was decided to retain this scale

for further analyses. As expected, and also in line with the study of De Bruijn and

Overmaat (2002), a positive significant correlation was found between the Type and Power

scales of the content dimension (r = 0.54; p = 0.04). Negative significant correlations

were found between both the Type and Power scales and the control variable Customary

(r = -0.51; p = 0.05 and r = -0.72; p = 0.00). Regarding the guidance dimension

scales, no significant correlations between the Strong Guidance, Total Guidance and

Growth scales were found.

The average scale scores were used to calculate a total score for the learning situation on

the content and guidance dimensions. Next, the average content and guidance scale scores

for a learning situation were compared to the average score for the entire group in order to

classify all of the learning situations. Based on this comparison (see De Bruijn et al. 2005),

situations were described according to a three-point scale. Each learning situation could

thus be characterised as follows:

-- Low score on content dimension; low score on guidance dimension

?- or -? High score on content dimension; low score on guidance dimension; Low

score on content dimension; high score on guidance dimension

?? High score on content dimension; high score on guidance dimension.

Concept maps

As the measurement of conceptual knowledge using concept mapping is quite complicated,

we developed a three-phase procedure to analyse the concept maps. The procedure was

derived from a study of the relevant research literature (Akinsanya and Williams 2004; Liu

2004; Mavers et al. 2002; Ruiz-Primo et al. 2001). The procedure to evaluate the general

quality and development of the concept maps was tested in a pilot study.

In the first phase of the analysis, coders were supposed to get a thorough picture of

several characteristics of students’ concept maps. The pretest and posttest concept maps

were analysed by hand, using criteria derived from the literature with regard to (1) points

Table 2 Descriptive statistics for each questionnaire scale

Scale Number of items Minimum Maximum M SD a

Type 14 1.00 4.00 2.40 0.99 0.75

Power 14 1.31 2.92 2.18 0.46 0.86

Customary 14 1.23 3.00 1.96 0.48 0.85

Strong guidance 14 1.00 3.00 2.16 0.80 0.90

Total guidance 14 2.38 4.13 3.39 0.51 0.60

Growth 14 1.00 5.00 3.07 0.32 0.74
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of interest, (2) variables and (3) indicators (see Table 3). The points of interest derived

from the literature were operationalised in variables that were linked to indicators that were

directly applicable for the analysis of the maps. The variables and indicators were con-

sidered as criteria for the elaborateness and organisation of the maps. At this point in the

analyses, however, only a small part of the concept maps was coded in this way in order to

familiarise coders with the characteristics of a concept map and to prepare them for the

second phase. In addition, PVSE teachers had provided information about the relevance

and relative importance of particular concepts that students were anticipated to use in the

maps prior to the creation of concept maps by the students. This was done in order to help

the coders to assess the importance of the concepts used by the students.

In the second phase, the quality of the pretest and posttest concept maps was determined

via an overall examination of the elaborateness and organisation for each of the concept

maps. The elaborateness involved the number of concepts (i.e. nodes), links, layers,

clusters and relevance of the concepts. The organisation of the concept maps was evaluated

in terms of the relative importance of the concepts included, the types of connections and

the clusters of concepts. Using the concept map, findings for all of the criteria (based on the

variables and indicators) were combined to produce an overall picture of the quality of the

Table 3 Coding scheme for analysis of concept maps

Phase Points of interest Variables Indicators Analysis

Phase
1

Concepts Elaborateness Number of nodes Counting

Relevance Ratio between relevant
and irrelevant nodes

Ratio between relevant and
irrelevant nodes

Relative
importance

Position of a concept
relative to the core
concept

Qualitative analysis using a three-
point scale (illogical–tolerably
logical–logical arrangement)

Links Number of
links

Counting

Type of
connections

Categorisation: unconnected,
linear, one-centred, several-
centred, network

Depth Stratification Number of layers Maximum number of layers
counting from core concept

Content Clusters of
concepts

Clusters with different
topics distinguished in
the concept map

Counting plus categorisation/
determination of relevance
of clusters

Phase
2

Final judgement
(quality)

Judgement of quality of concept map 1: Very poor organisation
of knowledge

2: Poor organisation
3: Neutral
4: Good organisation
5: Very good organisation

Phase
3

Final judgement
(knowledge
development)

Judgement of knowledge development in
terms of elaborateness and organisation

1: Strong deterioration
of knowledge

2: Slight deterioration
3: No deterioration/no

improvement
4: Slight improvement
5: Strong improvement

of knowledge
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concept map. Successively, this overall picture for all of the pretest and posttest concept

maps was rated using a five-point Likert scale (see Table 3). A concept map was judged to

reflect a ‘very good quality of knowledge’, for example, when a relatively large number of

relevant concepts and links was used, the concepts were arranged in a logical manner (i.e.

on the basis of the relative importance of the concepts and with elaborate connections),

more important concepts were located closer to the centre of the concept map than less

important concepts, and relevant clusters of concepts were distinguished (see Fig. 2). The

criteria were given equal importance in the creation of the overall picture and were used to

establish a more objective, well-founded final judgement about the quality of each concept

map. It was decided to determine the overall quality of conceptual knowledge in the

concept map as this overall picture was considered to be more representative of the quality

of the conceptual knowledge than separate scores on various specific characteristics of the

concept maps.

In the third phase, in order to judge the development of knowledge of the students, the

quality of the pretest concept maps was compared to the quality of the posttest concept

maps using the information gathered in the second phase of the analysis. Some of the

criteria were then considered more important than others in order to create a clearer

distinction between the quality of the student’s pretest and posttest concept maps and

thereby to gain more insight into the development of the quality of students’ knowledge (in

terms of elaborateness and organisation). More important criteria included the ratio of

relevant to irrelevant concepts, the position of concepts relative to the centre of the map,

types of connections and clusters of concepts. On the basis of pilot results, the elabo-

rateness and number of links and layers in the concept maps were considered more stable

and therefore less important or significant for evaluation of the development of the quality

of the concept maps.

Inter-rater reliability (Cohen’s Kappa) between two raters for both the judgement of the

quality of the concept maps and for knowledge development together was 0.78 (based on

188 out of 1,179 judgements).

pose
models

photoshoot

camera
photographers

video

posters

television
radio

media

internet

newspaper
interviews

journalists contactsPHP

HTML

CSS
language

webdesign

server

website
lay-out

design

images

logo
secured part
(administration)

publicly
accessible part

visitors

public relations

light sound

studio

resolution

production

promotion

Fig. 2 Sample concept map about management tasks in a music hall (transformed because of the Dutch
language used in the original paper-and-pencil version)

216 Learning Environ Res (2011) 14:205–227

123



Analysis of relationships between the learning environment, the quality
of concept maps and background variables

Characteristics typifying the different learning situations, the quality of the concept maps

and some background characteristics of the participants (i.e. age, gender, sectors in PVSE,

PVSE programs and type of education: PVSE or VET) were analysed for relationships with

each other in two ways. First, raw effects were established using correlations and t tests.

Second, a hierarchical multilevel analysis of variance (using MLwiN) was conducted to

investigate which differences in the development of the students’ knowledge could be

explained by factors at the level of the learning situation and factors at the level of the

student. An empty model was created to determine how much variance was located at the

two levels. A model including all of the measured variables (i.e. classification of the

learning situation, age, gender, sectors, programs and type of education) was tested

thereafter. Those variables with a nonsignificant coefficient were then omitted from the

model to produce a final model with only statistically significant variables. Effect sizes

were computed (Snijders and Bosker 1999) as well as the amount of explained variance at

the two levels of the model. In the following, the results for both the final model and the

empty model are reported.

Results

Quality of the concept maps and development of student knowledge in relation

to PVSE learning situations

The classifications of the learning situations provided a varied picture. Some of the

learning situations clearly showed elements of competence-based education, while others

showed no such elements but more traditional whole-class instruction. More specifically,

five of the learning situations did not show many elements belonging to either the content

or guidance dimensions of competence-based education; two of the learning situations

showed elements of both dimensions; and seven learning situations showed either elements

of the content dimension or the guidance dimension of competence-based education but

not elements of both (see Table 4).1

The concept mapping technique clearly portrayed both the quality and development of

student knowledge. The quality of the concept maps generated by the students at the

posttest was significantly better in general than the quality of the concept maps generated

at pretest (t = -6.351; p = 0.048; also see Table 5).

For most of the students, their knowledge also developed from pretest to posttest as

indicated by the different criteria in Table 3. As can be seen from Table 6, for most of the

students, the conclusion can be drawn that the elaborateness and organisation of their

knowledge improved or strongly improved (N = 150) or remained approximately the same

(N = 62) during the period of study (see Table 6).

1 Based on personal observation of the learning situations and informal conversations with experts, teacher
trainers and teachers in this field by the first author and major researcher of this study, the implementation of
the elements of competence-based education appeared to vary from relatively short projects, in which
authentic contexts were used to promote meaningful learning, to complete changes in the school curriculum
as a whole into, for example, so-called learning areas with different subjects integrated within a particular
area.
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Relationships between development of student knowledge and the two dimensions

of competence-based education

Our research population was different on a number of characteristics. Most importantly,

the PVSE students were in learning situations which differed in the degree to which the

elements of competence-based education had been adopted. In those learning situations

which involved more characteristics of competence-based education, the PVSE students

were found to score approximately equally highly on the development of knowledge scale

as in those learning situations which involved fewer such characteristics (see Table 7). A

relatively small but significant difference was found for the development of knowledge

across the different learning situations when classified according to Table 4 and 6 (r =

-0.143; p = 0.015). The less learning situations were classified as competence-based,

the higher was the rate of development of knowledge.

Closer examination of the characteristics of the learning situations revealed some

additional differences. With regard to the content dimension of the learning situations in

general, a small significant difference in the development of knowledge was detected

(r = -0.137; p = 0.020; see Table 7). One of the variables which constitute the content

dimension used to characterise the learning situations, namely, Type (or the degree to

which the organisation of the learning situation could be typified as potentially powerful)

was negatively related to the students’ development of knowledge (r = -0.175;

p = 0.003). The content variable of Power (or the degree to which components considered

powerful in advance were realised) did not relate significantly to the students’ development

of knowledge. And the control variable of Customary (or a learning situation with less

powerful characteristics from the perspective of competence-based learning) also exerted a

small negative influence on the development of knowledge (r = -0.164; p = 0.005).

Table 4 Classification of learning situations and number of participants, of concept maps and of cases in
which development of knowledge was measured

Classification Number

Learning
situations

Participants Concept maps
Pretest

Concept maps
Posttest

Cases in which development
of knowledge was measured

– – 5 233 166 161 104

?-/-? 7 488 277 207 140

?? 2 91 49 49 44

Total 14 812 492 417 288

– – Low score on content dimension; low score on guidance dimension

?- or -? High score on content dimension and low score on guidance dimension; low score on content
dimension and high score on guidance dimension

?? High score on content dimension; high score on guidance dimension

Table 5 Quality of the concept maps at pretest and posttest along a five-point scale

Testing N Minimum Maximum M SD

Pretest 492 1.00 5.00 2.77 1.11

Posttest 417 1.00 5.00 3.06 1.06
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No statistically significant correlation was found between the general guidance

dimension and the development of knowledge (r = -0.040; p = 0.496). The two guidance

variables of Strong Guidance (the provision of systematic guidance, learning routes and

tools) and Total Guidance (nine forms of guidance) did not relate significantly to the

Table 6 Judged quality of concept maps and development of knowledge along a five-point scale

Criterion Learning situation Judged quality

1 2 3 4 5 Total

Concept maps

Pretest -- % 24.1 27.7 29.5 18.7 0 166

f 40 46 49 31 0

?-/-? % 11.9 24.5 30.3 26.4 6.9 277

f 33 68 84 73 19

?? % 10.2 14.3 36.7 36.7 2.0 49

f 5 7 18 18 1

Posttest -- % 8.1 28.1 30.6 36.2 3.1 160

f 13 35 49 58 5

?-/-? % 11.1 20.3 43.4 31.9 7.7 207

f 23 42 66 60 16

?? % 2.0 12.2 44.9 34.7 6.1 49

f 1 6 22 17 3

Development of knowledge -- % 6.4 11.7 21.3 46.8 24.5 94

f 6 11 20 44 23

?-/-? % 13.6 21.4 24.5 22.9 6.4 140

f 19 30 32 50 9

?? % 0 22.7 22.7 47.7 6.8 44

f 0 10 10 21 3

Number of students completing the concept maps was less than 812 because of absence, illness or
incomplete data

-- Low score on content dimension; low score on guidance dimension

?- or -? High score on content dimension and low score on guidance dimension; low score on content
dimension and high score on guidance dimension

?? High score on content dimension; high score on guidance dimension

Table 7 Correlations between
the development of students’
knowledge and classifications of
the learning situation

** p \ 0.01, * p \ 0.05

Classification of learning situation Correlation with development
of knowledge

Content dimension -0.137*

Type -0.175**

Power 0.011

Customary -0.164**

Guidance dimension -0.040

Strong guidance -0.083

Total guidance 0.055

Growth 0.121*
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development of knowledge, while the Growth variable (which indicates different degrees

of guidance depending upon the level of the students) had a small, positive and significant

correlation with students’ development of knowledge (r = 0.121; p = 0.040).

In summary, the content dimension used to characterise the learning environments

studied here appeared to be more important than the guidance dimension. Slightly more

development of knowledge was found in learning situations with fewer characteristics of

competence-based education than in those with more such characteristics. The provision of

guidance in a manner which can be related to characteristics of competence-based edu-

cation did not contribute to knowledge construction.

Relations between the development of student knowledge

and background variables

Students who were in the upper grades (Grade 3 of PVSE or VET, 14–20 years) produced

better concept maps at both pretest (t = 3.928; p = 0.000) and posttest (t = 3.145;

p = 0.002) than students in the lower grades (Grades 1 and 2, 12–14 years). The average

scores at pretest were 2.61 for the lower grades and 3.00 for the upper grades. The average

scores at post-test were 2.90 and 3.23, respectively. Older students were thus able to

construct better concept maps than younger students but did not develop significantly more

knowledge. When the PVSE and VET data were compared, the results again showed the

older VET students producing better concept maps at pretest than the younger PVSE

students (t = 4.414; p = 0.000). There were no significant differences between PVSE

and VET as far as the quality of the posttest and development of knowledge were

concerned.

The pretest concept maps generated by students in the Technology sector were of a

higher quality than those generated by students in the Care and Welfare sector (t =

-6.269; p = 0.000; see Table 8). However, the development of knowledge was found to

be stronger for the students in the Care and Welfare sector than for the students in the

Technology sector (t = 4.331; p = 0.000). In the Care and Welfare sector, the population

of students was mostly female; in the Technology sector, the population was mostly male.

When the data were analysed according to gender, the results showed the same picture as

for the associated sectors. The quality of the concept maps generated by the boys at pretest

was better than the quality of the concept maps generated by the girls at pretest (t = 2.076;

p = 0.038), but the girls showed more development of knowledge than the boys (t =

-3.478; p = 0.001).

No significant relationships were found between the educational program (mainly

practice-oriented or theory-oriented) that students were in and the quality of the concept

maps generated at either pretest or posttest. Furthermore, no significant differences in the

students’ development of knowledge were found for the different types of programs. That

Table 8 Mean scores on the concept maps according to sector and gender

Concept maps Sector mean Gender mean

Care and welfare Technology Female Male

Quality pretest 2.16 3.09 2.68 2.89

Quality posttest 2.97 3.09 3.16 2.96

Development 3.98 3.10 3.60 3.11
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is, the students’ knowledge did not become better organised or more elaborate in programs

which were more practice-oriented or programs which were more theory-oriented.

Differences in the development of knowledge related to the level of learning situations

and students

A multilevel analysis was conducted to investigate which differences could be explained

by factors relating to the learning situations and the students themselves. In the empty

model, the average score on the development of knowledge scale was 3.49 (range of 1–5).

In the empty model, 80% of the total variance in students’ development of knowledge was

related to differences among the students; the remaining variance was related to differences

in the learning situations.

In the explanatory model, the amounts of variance explained by the student variables

and the level of the learning situation changed slightly (see Table 9). The explanatory

model explained 3.11% of the variance in the students’ knowledge development, and

almost all of this pertained to the level of the learning situation. The outcomes of this

model show a pattern in which the classifications of the learning situations (according to

the score on the content and the guidance dimension) and student gender play a role in

particular. A greater development of knowledge was detected in learning situations which

possessed fewer characteristics of competence-based education. Furthermore, girls

developed relatively more knowledge during the period under study than boys (an average

of 0.20 more along the Likert scale). The effect sizes for these variables were relatively

small with gender having the smallest effect, which was two-thirds of the effect size for

classification of the learning situation. Despite the small amount of variance explained by

the explanatory model, a statistically significant improvement in the fit of the model when

compared to the empty model was nevertheless found with a ratio of -2*loglikelihood to

df of 139.98 to 2 (p \ 0.001).

It should be noted that most of the variance in both the empty and final explanatory

models concerned student differences which were not measured in this research. For

example, student preferences for particular types of learning activities could have played a

major role. Differences at the level of the learning situation appeared to play less of a role

in the development of knowledge. Nevertheless, there was a reduction of approximately

one-sixth of the variance on account of learning situations in the explanatory model.

Table 9 Development of knowledge: Regression coefficients (significant at 0.05; standard deviations in
parentheses) and variance components

Statistic Variables Empty model Explanatory model Effect size

Constant 3.49 (0.13) 3.84 (0.31)

Classification learning situation -0.29 (0.18) 0.15

Gender 0.20 (0.10) 0.09

Variance Learning situation 19.57% 16.47%

Student 80.43% 80.42%

Explained – 3.11%

-2*log(like) 2,467.95 2,334.97

Difference Log (df) 132.98 (2)
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Conclusion and discussion

The purpose of this study was to gain insight into the development of the knowledge of

students in PVSE schools which differ in the manner and extent to which they have

implemented characteristics of competence-based education. The focus of the study was on

the elaborateness and organisation of the students’ knowledge. In accordance with the

results of a comparable study by De Bruijn et al. (2005), the investigated learning situa-

tions were indeed found to differ. In the majority of the learning situations (n = 7), some

elements of either the content or guidance dimensions of competence-based education had

been adopted. In five of the learning situations, virtually no such elements had been

adopted. And only two of the learning situations could be described as mainly competence-

based.

Regrettably, only small differences in the students’ development of knowledge were

found to occur across the different classifications of the learning situation. In line with

other studies (Gijbels et al. 2008; Nijhuis et al. 2005), competence-based education

appeared not to have the anticipated effect on student learning. Students developed slightly

more knowledge in learning situations which contained fewer characteristics of compe-

tence-based education. The fact that the intricate process of implementation of compe-

tence-based education was still evolving in many of the investigated learning situations

might have complicated students’ knowledge development (Windschitl 2002).

The content dimension of the learning situations appeared to be a distinguishing

characteristic for the development of knowledge. More specifically, the Type component

of the content dimension, which indicates the degree to which the organisation of the

learning situation could be typified as potentially powerful, appeared to negatively influ-

ence the students’ learning slightly. It actually appeared that the organisation of the

learning environment in a manner which is associated with competence-based education

prompted less knowledge development. It is certainly possible that PVSE students find it

more difficult to develop knowledge in learning situations which are less clear-cut. The

manner in which learning tasks are integrated into competence-based learning situations,

for example, typically creates fewer boundaries between subject areas; similarly, the

adoption of authentic learning contexts can blur the boundaries between school and the real

world. Perhaps PVSE students benefit from a more structured and, given their prior

experiences in education, familiar organisation for their education. However, the presence

of learning situation characteristics which were considered less powerful beforehand (i.e.

characteristics considered more Customary or traditional) also negatively influenced stu-

dents’ knowledge development. The results of this research suggest that a balance between

elements of competence-based education and more traditional forms of education could be

most suited for the organisation of PVSE learning environments (Kirschner et al. 2006).

The results with regard to the guidance dimension of the learning situations provided

some interesting information as well. In general, the guidance dimension did not make a

significant difference for the development of knowledge. However, the specific component

of Growth did influence the students’ knowledge development significantly to some extent.

Students developed more knowledge in learning situations where guidance was increas-

ingly provided during the course of their educational careers. This positive correlation

suggests that it might make sense to provide all forms of guidance during the entire

educational trajectories of students and to carefully monitor their progress as well (Hattie

and Timperley 2007).

Differences in the students’ development of knowledge were also analysed with respect

to student age, student gender, educational sector and educational program. Students in the
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upper grades of PVSE constructed better concept maps than students in the lower grades,

but did not develop greater knowledge. Although the VET students also generated better

pretest concept maps than PVSE students, they were comparable to the PVSE students

when the development of the students’ knowledge was considered. It is possible that a

basic threshold level of prior knowledge is needed to generate well-organised concept

maps as students must use this knowledge for the actual construction of a concept map.

This basic knowledge thus has little influence on the subsequent elaboration or further

organisation of the students’ knowledge. The development of the concept maps generated

by students in the Care and Welfare sector (mostly girls) was significantly stronger than the

development of the concept maps generated by students in the Technology sector (mostly

boys). This is possibly because of the type of knowledge in the Technology sector for

which more complicated concepts, which are less amenable to representation in a logical

manner than many other concepts, must nevertheless be comprehended and recalled. All

the same, in accordance with other research on gender differences in school achievement

(Van Langen et al. 2006), girls in the present study showed better knowledge development

and were more able to remember critical concepts than the boys. Students in the more

practice-oriented programs did not construct better concept maps than students in the more

theoretical programs, and also the development of knowledge did not differ significantly

across these groups. In the multilevel analysis, the explanatory model again showed that

the classifications of the learning environments and student gender influenced the devel-

opment of knowledge. The multilevel analysis also showed that most of the differences in

the development of knowledge was explained by differences among the students. Never-

theless, approximately 20% of the variance occurred at the level of the learning situation,

which can more effectively be influenced by teachers and curriculum developers (Schee-

rens 2000). In this research, the learning situation and, more specifically, the presence of

characteristics of competence-based education indeed influenced the development of

knowledge but not consistently in the direction expected.

Based on our experiences during the present research, the concept mapping technique

appeared to be a suitable method for visualising the quality and development of students’

knowledge in competence-based PVSE. Concept mapping is perhaps even more suited for

this purpose than traditional testing as the structure of the students’ knowledge (i.e.

organisation and elaborateness) can be investigated as well (Novak 2002). The concept

mapping technique also made it possible to investigate student knowledge across different

subject areas, topics and schools, which would not have been possible using traditional

tests. The arrangement of concepts and the constructed relations between them were indeed

indicative of the quality of the students’ knowledge. The criteria used to analyse the

concept maps and their development, including the types of links, the depth of the concept

maps and the clusters of concepts in the maps, proved useful for the rating of a large

number of maps. However, the use of these criteria in conjunction with quantification of

the data also produced a loss of information when compared to, for instance, an exhaustive

analysis of the content of a small number of concept maps as is often done (e.g. Liu 2004).

We nevertheless believe that the use of the present coding scheme provided as much

information as possible about the quality of the concept maps, particularly in light of the

large number of participants.

The results of the present study are possibly restricted, for example, by the nature of the

sample. A limited number of schools was involved in the study and some of these schools

had limited experiences with the implementation of elements of competence-based edu-

cation. This could account for some of the disappointing results. Secondly, only teacher

perceptions were taken into consideration in the study. In learning environments research,
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students’ perceptions of the educational context are often studied because these perceptions

appear to be valid and lead to higher amounts of variance explained in student outcomes

(Fraser 1998). As stated earlier, in this study, teachers’ perceptions of the learning situa-

tions that they created were chosen because relatively new learning environments were

investigated. The study of students’ perceptions of these learning environments might be a

useful direction for future research, once the students are a little more familiar with the

learning environment that they are in. Another suggestion for future research would be to

investigate processes of knowledge development through, for example, paying attention to

differences in students’ cognitive learning activities conducted in different learning situ-

ations. Because of the generic nature of the concept mapping technique used to measure

the development of the elaborateness and organisation of knowledge in this study, little

attention could be paid to the actual process of learning and integrating new concepts.

Competence-based education is supposed to foster meaningful learning and therefore a

better understanding of concepts and the relations between concepts. Competence-based

learning environments can be described in terms of the manner in which the education is

organised (i.e. a content dimension) and the manner in which the students are guided (i.e. a

guidance dimension; De Bruijn et al. 2005). In the present research, the manner in which

the learning situations were organised indeed had some influence on the students’ devel-

opment of knowledge, but not as expected. Learning situations with content characteristics

of competence-based education only appeared to complicate the development of know-

ledge for PVSE students. Guidance characteristics, in contrast, seemed to slightly facilitate

students’ knowledge development. Guidance is indeed widely acknowledged to be an

essential component of competence-based education (Moreno 2004). Schools which

implement a form of competence-based education, therefore, should probably pay attention

not only to the manner in which the curriculum is re-organised, but also to the provision of

good student guidance. The provision of guidance within the context of competence-based

education can possibly even be improved with the provision of more regular and diverse

forms of guidance (Gibbs and Simpson 2004; Hattie and Timperley 2007). It is then

possible that, under such guidance circumstances, the negative effects of the content

components of competence-based education could disappear or be compensated for. Good

guidance in relation to the development of knowledge and content of what has to be

learned can make more explicit for students’ knowledge and the relations between learning

content or the core concepts to be learned (Entwistle and Peterson 2004; Kirschner et al.

2006). With regard to the content dimension of competence-based education, moreover, it

is recommended that a balance be sought between elements of competence-based educa-

tion and elements of more traditional forms of education when organising learning envir-

onments to foster the construction of knowledge and learning which is meaningful.

Open Access This article is distributed under the terms of the Creative Commons Attribution Noncom-
mercial License which permits any noncommercial use, distribution, and reproduction in any medium,
provided the original author(s) and source are credited.
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