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SUMMARY

As a consequence of findings and theses on the change in demand for qualifica-
tions, the debates on lifelong learning and a large number of articles on the the-
ory of didactics, since the mid-1980s the concept has become established that
traditional methods of teaching and learning in vocational education are dysfunc-
tional and should be replaced or complemented by methods which are more ac-
tivity- or problem-oriented, as well as being of a self-regulated nature. Howev-
er, as concerns vocational education, empirical verification of the assumptions
which form the basis of this shift in didactic theory is largely lacking. This arti-
cle aims to help reduce this deficit and may serve as a basis for a critical ques-
tioning of the viability of common assumptions.

Initial problem

Following on from findings and theses on the shift in demand for
qualifications, supported by constructivist theoretical articles and further
strengthened by the debates on lifelong learning, since the mid-1980s the
concept has become established that traditional methods of teaching and
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learning in vocational education should be replaced or complemented by
methods which are more activity- or problem-oriented, as well as being
of a self-regulated nature (). Above all, this is explained by the internation-
al discussion on and spread of the approaches of cognitive apprenticeship,
cognitive flexibility theory, anchored instruction and guided inquiry (see
Carver and Klahr, 2001; Magnusson and Palincsar, 1995; Straka, 2002).
A central characteristic of the new learning/teaching strategy is groups of
learners actively working out contexts, independently and if necessary with
the support of teachers as required (see Mulder 2002, p. 59 et seqq; Rein-
mann-Rothmeier and Mandl, 1998). Traditional forms of teaching are con-
sidered to have more of a complementary function, supporting the process
of self-construction of knowledge (see Mulder, 2002, p. 60). The expect-
ations attached to the current paradigm on the international educational/
psychological research scene are extremely promising: the aim is to avoid
passive knowledge being amassed, to ensure that relevant existing knowl-
edge is more profoundly assimilated, to effectively encourage problem-
solving abilities specific to each subject and to promote cross-curricular
abilities. OECD research such as PISA, TIMSS and others shows that these
are aspects which it would be advantageous to promote in many countries.
Apart from this, the new teaching/learning strategy is meant to help im-
prove social skills; after all, the point is to bring the development of skills
into line with changes in demand.

The theoretical assumption is that teaching/learning strategies orient-
ed towards the construct of an activity-centred approach and stronger self-
regulation are more effective than traditional teaching methods in:

e ensuring that connections are made with preconceptions and/or mis-
conceptions are brought to light and can therefore be dealt with,

* ensuring that the learner asks questions independently and gains a
deeper understanding of the subject matter,

* encouraging the application of knowledge and

« promoting metacognitive abilities and motivation (see Bransford, Brown

and Cocking, 2000; Nickolaus, 2000; Sembill et al., 1996).

In the Federal Republic of Germany an attempt was made, after ini-
tial problems which it must be said still exist today, to find a fixed place for
the current didactic paradigm in lessons at vocational schools, and to push
on the reform process by means of stipulations in the curriculum (e.g. see
Halfpap, 2000). This was preceded by numerous pilot schemes during
which new methodical approaches were tested out.

However, the academic studies which accompanied these pilot schemes
were limited to formative evaluations, which do not allow any certain con-
clusions to be drawn on the effectiveness of the educational activity pro-
grammes. Recently, some rather tentative studies have been carried
out which have been able to fill some of the existing gaps. To some ex-

(Y) For example, see Achtenhagen and Grubb, 2001; Achtenhagen and Thang, 2002; Bruijn
2004; Halfpap 2000; Nickolaus 2000; Ott 1999; Mulder 2002.
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tent, however, the results throw doubt on whether the expectations con-
nected to the current paradigm will be fulfilled. For an overview of the
research results and desiderata for Germany in the field of industrial
and technical vocational education, reference should be made to the sum-
mary by Nickolaus, Riedl and Schelten (2005). In a handbook article, Acht-
enhagen and Grubb (2001) sum up the general situation regarding find-
ings in the international field of vocational education, describing it as de-
ficient. This article introduces some results from empirical studies carried
out in the school sector of technical vocational education in the Federal
Republic of Germany.

The effects of basic methodological decisions
in lessons at technical vocational schools on
the development of skills and motivation

In the Federal Republic of Germany, after the paradigm shift in didac-
tics and methodology, some initial comparative studies were made involv-
ing preliminary business courses; their results confirmed assumptions on
the advantages of constructivist learning environments in developing skills
and motivation. For example, in 1998 Sembill et al. came to the conclu-
sion that the development of knowledge in activity-centred experimental
classes is at least no poorer than in classes taught in the traditional man-
ner, and on the other hand, problem-solving skills and motivational devel-
opment are considerably better. In his investigation, also set in the com-
mercial sector, Bendorf (2002) established above all that the ability to trans-
fer knowledge is more developed in those classes taken as case studies
which fall under the heading of an activity-centred approach as it is under-
stood here.

In industrial and technical vocational education, only a small number of
studies have been carried out in the last few years into the effect of method-
ological strategies, chiefly in preliminary electrotechnical training. As well as
the findings and assumptions reported above (see also Nickolaus 2000, Nick-
olaus 2001 and Weinert 2000), another significant reference point for these
studies was the ATI research findings, as considerable differences must
be assumed in this sector and between individual skilled occupations as con-
cerns aspects of cognition and motivation, and in various studies, students
with weaker cognitive skills have been diagnosed as having considerable
problems regulating their own learning. The ATI research has produced find-
ings which, despite considerable constraints (e.g. see Terhart, 1997 pp. 81-
84; Bracht, 1975; Helmke and Weinert, 1997) provide evidence that inse-

(?) Generally it must still be taken into account that teaching methods are comparatively weak
predictors of learning success. On this subject, see the results of Helmke and Weinert (1997)
replicating a meta-analysis following on from Fraser et al. 1987 (see also Nickolaus 2000;
Wang et al., 1993). Variance explanations are often in the 2 - 4 % range.
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cure, timid, less well-achieving learners are overtaxed in less structured forms

of teaching, or document advantages for this group in directive teaching meth-

ods (Flammer, 1975) (?). Weinert (2000) summed up the findings on the in-
fluence of choice of method on skills development, primarily as related to the
field of general education. According to this summary:

« variable forms of directive instruction are especially suited for acquir-
ing factual knowledge,

« forms of situated learning and didactic strategies using project work,
group teaching and creative exercises are particularly effective in
promoting the acquisition of life-related procedural knowledge, and

« teaching methods involving independent learning, which enable sub-
jective learning experiences to be acquired in a targeted manner and
metacognitive insights to be developed under supervision, prove ad-
vantageous in encouraging the acquisition of metacognitive skills and
learning strategies (Weinert, 2000, p. 46).

In the run-up to implementing the new didactic paradigm, there was no
investigation into whether and to what extent the findings outlined above
could also be replicated for preliminary industrial and technical educa-
tion. As mentioned previously, in the field of technical vocational educa-
tion, studies have until now mainly been carried out in the field of prelimi-
nary electrotechnical education; this topic will be discussed in the follow-
ing. A universal aspect of the studies is the fact that they are limited to spe-
cialised vocational skills, mapping them in a skills model discriminating be-
tween three aspects:

(1) Declarative knowledge, whose development can be investigated on the
one hand in the sense of differentiation or the increase in elements of
knowledge, and on the other hand with regard to depth of knowledge,
in the sense of the elements being more closely interconnected.

(2) Procedural knowledge, i.e. knowledge of the procedures and strategies
needed to deal with a task, which must be adapted according to each
situation.

(3) The ability to work out subject-related problem-solving tasks at an every-
day level.

In two of the studies (Nickolaus and Bickmann, 2002; Nickolaus, Heinz-
mann and Kndll, 2005) the group chosen for investigation was electrical fit-
ters (3), whose education consists mainly of learning their trade and who
are a rather weak group in terms of cognition in the field of electrotechnol-
ogy.

These studies showed that, in the case of electrical fitters, contrary to
all expectations, benefits for skills development did not appear in activity-

(®)Training courses for electrical fitters are among those for which there is greatest demand in
the skilled trades sector (Howe 2004; BMBF: Berufsbildungsbericht 2004). The job includes
fitting, testing (taking measurements) and correcting faults in electrical installations in homes
and manufacturing plants. They should be able to perform all steps independently: customer-
friendly planning, preparation, installing and putting into operation of all wiring, sockets, switch-
es and fuses in complete systems or subsystems.
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centred classes, but instead in those taught using a directive method; fol-

lowing this, another study was carried out involving electronics technicians

(4), a group including better-achieving alumni from schools of general educa-

tion.

Going back to the findings outlined briefly above (%) the following hy-
potheses were formulated on the skills aspects of the skills model:

H1: ‘Declarative contextual knowledge (i.e. factual structural knowledge),
which also includes a necessary basic understanding of the technical
system required to work out everyday problem-solving tasks, is more
finely developed in systematic instructional teaching than in self-guid-
ed methods of acquiring knowledge.’

H2: ‘The ability to independently work out everyday problem-solving tasks
develops better in self-guided methods of acquiring knowledge than in
systematic instructional teaching; the same is true of procedural knowl-
edge relevant for examinations.’

H3: ‘Any remaining differences at the end of the first year of training in the
ability to work out everyday problem-solving tasks are reduced just by
going over the problem (with guidance) a few times in succession.’
H1 follows on directly from the findings summarised by Weinert (2000).

As concerns the ability to work out everyday subject-related problem-solv-

ing tasks, we also primarily draw on findings made outside vocational ed-

ucation (Weinert, 2000; Helmke and Weinert, 1997). As regards this kind
of ability, however, it must be borne in mind that the nature of the problem
is an important factor in problem-solving performance (Bransford et al.,

2000) and its relationship to relevant predictors. The more concrete (and

thus easier to grasp) the formulation of the problem is, the stronger linear

relationships between intelligence and problem-solving ability become, for
example (Strohschneider, 1991). As concerns typical everyday problems
confronted by electrical fitters, which are generally characterised by a rel-
atively low level of complexity and clearly-defined targets, and possible so-
lutions which are known in principle, the question arises of whether poor
training in the skills required for this may actually mainly be because prob-
lem-solving strategies are generally not systematically taught as a subject
in training. In this context, another factor which must be taken into account
is the note by Schelten and Riedl| on the final organisation of the learning

activity in activity-centred lessons (Nickolaus, Riedl and Schelten, 2005);

if there are no systematic teacher-led reflections and generalisations of ex-

periences acquired situatively, there is a risk that knowledge will not be
transferred to other contexts. Another factor which could prove problemat-
ic is the other danger connected with activity-centred strategies: not enough

(4) Electronics technicians fall into the category of industrial occupations. Electronics technicians
also carry out installation, tests and maintenance work, but on more complex electrical sys-
tems. The different requirements for these electrical vocations range from selection process-
es to significantly different entry requirements for school-leavers, related to 1Q, school
background, aspects of previous knowledge and motivation (see Knéll, Gschwendtner and
Nickolaus, 2006).

(%) For an overview, see Weinert 2000, in more detail Helmke and Weinert 1997.



Innovations in vocational education and difficulties in their empirical substantiation
Reinhold Nickolaus, Bernd Knéll, Tobias Gschwendtner

declarative knowledge being acquired, which can be seen as a necessary
prerequisite for the ability to work out problem-solving tasks. Some of the
guestions raised here apply equally to the development of procedural know-
ledge. With this in mind, and returning to the current paradigm, it seems
urgently necessary to examine H2, especially in courses of dual (combined
theoretical and practical) education.

The reason for examining H3 was the circumstance mentioned above:
typical problems which skilled workers are confronted with every day gen-
erally have known solution processes and can therefore, in principle, be
taught in a traditional, directive manner; and in the past, at least, there was
not (enough) systematic training in lessons, for example in fault analysis.
Another point to be made is that deficits of this kind can probably be
compensated for quickly in practice, on the job.

As regards the framework of conditions for motivational variables
(Deci and Ryan, 1985, 2002) a great variety of data is now available on
preliminary business courses thanks to the works of Prenzel et al, 1996,
1998; Hardt et al, 1996, 1998; Lewalter et al, 1998; Wild and Krapp, 1996
(see also Beck, 2002). Nonetheless there is still a lack of data on motiva-
tion development in the context of different teaching strategies. The find-
ings of the research group headed by Sembill et al., 1998, indicate that mo-
tivation develops better with self-guided methods of acquiring knowledge
in settings which are relatively restricted in terms of time. Based on this,
we have formulated Hypothesis 4 (5):

‘Self-guided methods of acquiring knowledge also have a positive ef-
fect on learning motivation over prolonged periods.’

Structure of the investigations

The hypotheses were examined or are being examined within the scope
of field experiments, to ensure that the studies are also valid for teaching
practice. The field experiments each covered the first year of training. In
the first study, involving electrical fitters, four classes (N=69) were studied,
two of which were mainly taught using the directive method and two main-
ly using the activity-centred method. A more extensive replication study in-
volving electrical fitters covered ten (N=224) classes, and one involving
electronics technicians covered eight classes (N=189). For information on
the development of skills and motivation, data were gathered at three points
(initial, midway and final test). The information on problem-solving ability

(%) In this paper, Hypothesis 4 will be tested only in a cursory manner for reasons of space, with
central findings being pointed out (Kndll, Gschwendtner and Nickolaus, 2006).

(") To give an idea of the tasks chosen and to see how they are related to the skills aspects,
here we will describe one task each for declarative and procedural knowledge. The following
task addresses the subject of procedural knowledge: ‘An apprentice has rented a room and
would like to roughly work out the energy costs (electricity charges) he will have to pay. His
room is furnished with a ceiling lamp, a television, a fridge and a hotplate. What variables
does he have to work out, and how can he do that?’ The following task addresses declara-
tive knowledge: ‘What groups can materials be divided into according to their electrical prop-
erties?
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was collected in a one-off survey at the time of the final test. The test ma-
terials used to gather data on declarative and procedural knowledge were
developed with experienced teachers and approved by both the activity-
centred teachers and those teaching using the directive method (7).
Problem-solving ability was tested using a simulation programme in which
two (electrical fitters) or three (electronics technicians) faulty electrical sys-
tems were simulated (8). The ability to analyse the faults simulated in the
systems was evaluated using a documentation system performed at the
same time.

The lesson itself was documented thoroughly to determine the level of
self-regulation and practical orientation (SRPO). An evaluation of this da-
ta shows that a mixture of methods is used in all the classes and that the
SRPO values achieved in the classes taught using the directive and the
activity-centred methods differ considerably. As well as the data on the de-
velopment of skills and motivation, and the documentary data on the in-
structional/methodological structure of the lesson, data was also gathered
to monitor conditions, e.g. on teaching quality and to match up the re-
sults for training carried out in school and in a company.

Selected results of the studies

The results are set out below as they relate to the hypotheses. The set-
ting for this article means that only selected results can be presented; more
results will be described in articles to follow. Further reference may be made
to the more detailed descriptions by Nickolaus and Bickmann, 2002; Nick-
olaus, Heinzmann and Knoll, 2005; Nickolaus, Heinzmann and Knéll, 2006
and Knoll, Gschwendter and Nickolaus, 2006.

The effects of basic methodological decisions on the development of
declarative knowledge

In the first investigation, restricted to four classes of electrical fitters, the
classes taught using the directive and the activity-centred methods did not
differ significantly in the initial test in declarative knowledge; in the midway
and final tests, however, there was an extremely significant difference in
favour of the classes taught using the directive method. As expected, pre-
vious knowledge proves the strongest predictor (explains 22 % of the vari-
ance), but the teaching method also helps explain 5.5 % of the variance (°).

(®) The software used can simulate faults in two technical systems (hotplate and cordless
electric screwdriver) and faults diagnosis using testing processes (current, voltage and re-
sistance measuring). To do this, a simulated measuring device was available which could be
applied to pre-set measuring-points in the technical systems. For the hotplate simulation,
there were several possible measuring points: directly at the power supply (mains), at the in-
put and output of the six-step switch, in the path of the current to the three heating elements).
The switch controls three heating elements using different switch methods (serial, parallel
and non-uniform connections) which produce varying electrical results in the hotplate. The
fault to be diagnosed is faulty heating elements. In the electric screwdriver the following faults
were simulated: a faulty control system (rep. 3), a faulty motor (rep. 4) and a faulty storage
battery (rep. 5). The repair tasks were ordered so that they became progressively more com-
plex and difficult.
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In the second, wider study of the electrical fitters (ten classes), the class-
es taught with the directive method achieved better mean results than those
taught with the activity-centred approach, despite slightly worse initial re-
sults in declarative knowledge in the midway and final tests. However, the
differences remained below the significance level.

There were similar results in the classes of electronics technicians,
where slight advantages were recorded in all the tests in favour of those
taught with the directive method; however, statistically these did not prove
significant. As concerns the hypotheses, we ascertained that although there
tend to be some advantages in the development of declarative knowledge
as expected for the classes taught with the directive method, the differ-
ences generally remain below the significance level.

The effects of basic methodological decisions on the development of
procedural knowledge

Here the results from the two studies involving electrical fitters proved
to be absolutely contrary to expectations; nor was the hypothesis that pro-
cedural knowledge develops better in classes taught using the activity-
centred approach confirmed by the electronics technicians. In the first study
involving electrical fitters, there were distinct, but not significant, differences
in favour of those taught using an activity-based approach in the initial tests.
By the time of the midway test (after 6 months) there was a distinct shift in
the range of results in favour of those taught with the directive method; in
the final test, the differences between the mean results becomes signifi-
cant, in favour of those taught with the directive method. In the second
study involving electrical fitters a similar picture emerges. Initial differences
in favour of those taught using the activity-centred approach switch around
so that in the midway test there are already significant advantages for those
taught with the directive method; in the final test, however, these are
considerably smaller and are no longer significant. From a comparative,
international point of view, it seems interesting that in this study, the organ-
isational form of the preliminary training, which also varied (full-time school-
ing v. dual education), also goes some way to explaining the variance. The
systematic education of those attending school full-time proved more
favourable for developing procedural knowledge; with the electrical fitters,
the combination of a dual education and activity-centred lessons at a vo-
cational school proved problematic. This may conceivably be attributed
to the fact that the electrical fitters’ unsystematic education in small com-
panies tends to increase, rather than reduce, problems with building up a
good foundation of knowledge using activity-centred teaching methods with
relatively poor learners. In the study of classes of electronics technicians,
the teaching methods had no significant effect on the development of pro-
cedural knowledge.

As concerns the hypothesis, we are still able to record that this has

(°) For more detail see Nickolaus, Heinzmann and Knéll, 2005.
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clearly been proven false for the vocational fields studied here. Contrary
to expectations, where apprentices are somewhat less able (electrical fit-
ters), there are solid advantages in favour of those taught with the direc-
tive method; with more able apprentices (electronics technicians) the method-
ological approach proves irrelevant for the development of procedural know-
ledge.

The effects of methodological decisions on the development of
subject-related problem-solving abilities

In this regard, the results for the classes of electronics technicians
are not yet available, and we will therefore restrict ourselves to describ-
ing the results for the electrical fitters. As mentioned above, the ability to
solve subject-related problems was established by measuring ability to di-
agnose faults in electrical systems. In the first study, the analyses of the
apprentices were restricted to three different types of fault in an electrical
system (cordless electric screwdriver) with no intervention by the teacher
between the fault analyses. For the second study, as well as the cordless
electric screwdriver, another electrical system (hot-plate) with two faults
was simulated. After all the repair tasks had been dealt with, there were
some additional teacher-led reflections on systematic fault analysis process-
es. These interventions were limited to about 5 minutes each.

First, the following overview shows the problem-solving frequency in
the first and second studies, without taking into account the quality of the
solution (quality of the explanation, number of steps to the solution).

Whereas the variation in the percentage of solutions in the first study
is primarily caused by the nature of the problem, in the second study the
interventions added between the problems, reflecting on the problem-solv-
ing process, play a major role. This interpretation is mainly supported by
two partial findings: a) the extremely varying development of problem-solv-
ing frequency in repair tasks 3 and 4 involving the electric screwdriver and
b) the significant rise in problem-solving frequency between repair tasks 1
and 2 as well as 3 and 4 in the second study. Whereas the degree of dif-
ficulty in the problem set is the same for repair tasks 1 and 2, there is a dis-
tinct rise in difficulty between repair tasks 3 and 4. In the first study there
is a correspondingly distinct drop in the percentage of solutions between
repair tasks 3 and 4. In the second study, on the other hand, despite the

Figure 1: Problem-solving frequency in fault analysis in %

1st study (N=69) 2nd study (N=152)

solved unsolved solved unsolved
Repair 1, hotplate — — 52.6 47.4
Repair 2, hotplate — — 73.5 26.5
Repair 3, electric screwdriver 63.8 36.2 55.3 44.7
Repair 4, electric screwdriver 21.7 78.3 69.7 30.5
Repair 5, electric screwdriver 59.4 40.6 62.7 37.3
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higher degree of difficulty the interventions lead to a considerably higher
percentage of solutions, about three times as high as in the first investiga-
tion. This means that substantial increases in skills can even be initiated
by only short interventions explaining the fault analysis or reflecting on it
together by asking questions and developing ideas, when the intervention
is system-related and directive, i.e. with instructions and explanations about
the fault analysis path.

According to hypothesis H2, the ability to deal with everyday problems
should be better
» developed in classes taught using the activity-centred approach in than

those taught using

» the directive method. Comparisons of the mean values do not, howev-
er, confirm this assumption.

* Inthe first study, there were some advantages for those taught with the
activity-centred approach for repair tasks 3, 4 and 5 (Figure 2); howev-
er, these remained below the significance level.

* Inthe second study, contrary to expectations, in individual repair tasks
there were advantages for those taught using the directive method. The
main surprise here is the partial finding that those taught using the di-
rective method do better when there is a change of system (transfer).
This surprising finding seems to us primarily to be explained by the
more strongly developed knowledge in classes taught using the di-
rective method, which does not at least prove to be any more passive
than in those taught with the activity-centred method, and which can
be identified as the strongest predictor for the ability to solve subject-
related problems.

Another apparent point of note is that in contrast to their procedural
knowledge, the problem-solving ability of those apprentices taught in school
does not develop as well as in those who have gone through the dual sys-
tem of vocational education.

In summatry, it was ascertained that contrary to expectations, the class-
es taught using the activity-centred approach do not by any means gener-
ally do better, but in part actually do worse; that short system-related di-
rective interventions reflecting on the fault analysis procedure can have a
substantial positive effect; and that declarative and procedural knowledge

Figure 2: Mean values and results of mean value comparisons in fault
analyses

1st study (N=69) 2nd study (N=152)
Directive Activity- Directive Activity-
centred centred
Repair 1 (hotplate 1) 3.50 3.22 n.s.
Repair 2 (hotplate 2) 4.40 3.90 *
Repair 3 (electric screwdriver) 3.05 3.12n.s. 3.89 331~
Repair 4 (electric screwdriver) 1.60 2.06 n.s. 4.25 3.84 n.s.
Repair 5 (electric screwdriver) 3.06 3.44 n.s. 3.92 3.91n.s.
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contribute the most to explaining problem-solving ability. According to
our findings, Hypothesis H2 does not stand up. In our opinion it would be
of interest to look into the question of whether the alignment of results found
in the second study, which at least partly confirms H3, should be under-
stood as an indication that any remaining differences in achievement soon
balance out in practice on the job. In the current discussions on the
didactic/methodological organisation of education, too many expectations
may have been placed on the contribution this can make to practical vo-
cational skills, with more important variables, such as the potential for learn-
ing arising from related employment (e.g. see Curtain, 2000, p.41), not be-
ing taken into account.

An additional point is that the tendency is for H4 to be confirmed, but
that the differences in the development of motivation between the teach-
ing methods remain below the significance level. With the electronics tech-
nicians in particular, there are distinct trends towards the development of
motivation in classes taught using the activity-centred approach, and some-
times also significant advantages. What is significant here are the differ-
ences between extrinsic and intrinsic motivation. With the electrical fitters,
in the first study there were some advantages tending in the same direc-
tion, i.e. the participants in the classes using the activity-based method
were more often intrinsically motivated while those in classes taught with
the directive method were more often extrinsically motivated. In the sec-
ond, wider study, however, no significant differences in the development
of motivation could be established in classes taught with the directive or
the activity-centred methods. Generally, i.e. irrespective of the teaching
method, during the first year of training, the development of motivation
proves poor (19).

Discussion of the results

In general we have ascertained that some of these findings give reason for
serious doubt to the general validity of current theoretical assumptions
about relationships between basic methodological decisions and the de-
velopment of skills and motivation in preliminary electrotechnical courses.
It is still open whether this can also be confirmed for further courses and
in other industrial and technical occupations. However, the current state of
research, which is rather unsatisfactory, suggests that in other industrial
and technical occupations there are also serious difficulties in corroborat-
ing current assumptions (Nickolaus, Riedl and Schelten, 2005). There are
various possible explanations for the findings, which are largely both
contrary to expectations and well-founded.

First, it is conceivable that the field involved plays a role and that the com-

(*%) As motivation and extrinsic motivation increase; introjected, identified, intrinsic motivation
und interest drop.
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paratively high degree of abstraction in electrotechnical subject matter

blocks the effect of the advantages of a constructivist learning environ-

ment.

Second, it is worth considering whether one possible cause to be includ-
ed in reflections should be the quality of teaching in each method se-
lected. It is possible that teachers are also not yet as used to putting
the current paradigm into action as they are to traditional teaching meth-
ods. However, the data on quality collected to monitor conditions do
not support this supposition.

Third, it is fair to assume that the unexpected findings could be attrib-
uted to the studies being conducted at this particular stage of the course.
In other words, it is possible that activity-centred lessons only reach
their full potential at the specialised stage (e.g. in the third year of the
course) when the emphasis is on specific use of basic knowledge on
the basis of a foundation built up earlier (also see Tenberg, 1997).

Fourth, it is worth checking whether the causes may be found in some
learners having a more successful balance of self- and outside regula-
tion, or of situation and systemisation in the subject. The assumption
formulated before the study involving electronics technicians, that the
electrical fitters’ comparatively adverse initial circumstances are the
reason why their achievement develops in this unexpected manner in
activity-centred classes, is partly supported by our overall results. At
least, in contrast with the electrical fitters, the achievements of the elec-
tronics technicians, who are cognitively stronger, do not improve sig-
nificantly in the classes taught with the directive method.

In our opinion, the results put forward here give reason to provide much
more detailed justification for methodological decisions than currently is
often the case, at the same time questioning the validity of current assump-
tions. Further studies also prove necessary, including studies on the ef-
fects of the vocational field and the type of course involved. It would cer-
tainly also be of great interest to carry out comparative international stud-
ies on the subject which could also look at the effects of macro-structural
conditions (dual education system and full-time schooling).
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