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ABSTRACT: In the project “Technology in Secondary Education: Problem-solving in
Teaching/learning Packages”, two experiments regarding a construction problem and an
explanation problem were conducted, in which two variants of a teaching/learning package
(strongly structured vs. weakly structured) were compared. Only with the strongly struc-
tured instructional variant of the package for the explanation problem did the pupils come
to a quick solution of the problem. In both experiments, the factors that influenced the
problem-solving processes of the pupils were investigated. The results are of importance
for curriculum developers and the authors of teaching/learning packages for Technology
but further research into the factors influencing the problem solving process of pupils is
necessary.
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1. INTRODUCTION

In the Netherlands, the subject Technology was introduced into schools in
1985 as the successor of the subject General Techniques and it is now a
component of basic education. During the period from 1985 up to the
introduction of basic education in August 1993, the subject was elabo-
rated further.

The attainment targets for the subject Technology were used by the
National Institute for Curriculum Development (abbreviated in Dutch to
SLO) to develop a curriculum which was published in 1993 (Huijs &
Hermans, 1993). The SLO developed exemplary teaching/learning packages
in which technological problem-solving activities were a prominent feature.

With the introduction of basic education in the first stage of secondary
education, pupils from 12 to 14 years of age, following junior vocational,
secondary general or pre-university education will be taught Technology
as a subject. In the development of the teaching/learning packages too
little attention has as yet been paid to attuning the instruction to the various
achievement levels. This caused the SLO to identify the need to evaluate
the teaching/learning packages, with a particular interest in the question
of what the design of the packages should be for the various achievement
levels.

It was this action of the SLO which gave rise to the project Technology
in Secondary Education: Problem-solving in Teaching/learning Packages
(abbreviated as the PSIT-project). The project, undertaken by the Centre
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for Applied Research in Education (abbreviated in Dutch to OCTO) of
the University of Twente, started on December 1, 1992 and ended on
December 31, 1993. The research focused on a construction problem in
the teaching/learning package Technology in Water Purification and an
explanation problem in the teaching/learning package Process Technology
(Doornekamp & Streumer, 1992). The final report was published in 1994
(Doomekamp & Streumer, 1994a).

2. PROBLEM STATEMENT

From the start of the development of the subject known as General
Techniques, problem-solving activities have played an important role in
the publications of the SL.O. In the further development of the subject
Technology, this role was continued. Problem-solving activities are dis-
cussed in the curriculum for Technology with the attainment targets related
to the domains ‘Using products of technology’ and ‘Producing functional
pieces of work’. Problem-solving activities are regarded as a technical
skill (De Jong, 1989) and they offer a structured method of solving tech-
nical problems, with a step-wise approach by means of questions, followed
by a practical execution of the solution of the problem (Huijs & Hermans,
1993). In this definition, the pupils’ procedural knowledge is stressed. To
solve a technical problem the procedural knowledge of the pupils presup-
poses the presence of conceptual knowledge (McCormick et al., 1994).

There are various typologies with which to classify problems. For this
research, the distinction between open and closed problems is the most
important. In a closed problem, the problem features (initial situation, objec-
tive situation and operations) are clearly specified. There is only one possible
solution. In an open problem, the problem features are not well-defined.
This makes various solutions to the problem possible (Mettes & Pilot,
1980).

Another classification, one that is mentioned in the curriculum for
Technology, distinguishes design, construction, malfunctioning and main-
tenance, service and explanation problems. In this classification, the
structure of the subject is an important criterion (Huijs & Hermans, 1993).
In the problem-solving process, a number of stages can be distinguished.
The various models show a great deal of similarity. The differences are
mainly related to the concepts used and to the number of stages that are
distinguished. The description of identical concepts is also different, with
regard to both content and extent.

The model developed by De Jong (1989) consists of five stages: (1)
orientation (2) planning and transformation (3) checking (4) deciding on
a solution: routine actions and evaluation, and (5) reflection. The model
drawn up by van der Sanden (1986) to carry out practical assignments shows
many similarities. He distinguishes: (1) conceptualization (2) analysis (3)
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planning (4) execution and (5) evaluation. Both models point at proce-
dural knowledge.

In general, three methods for solving problems can be identified: the
algorithmic method, the heuristic method and the blind search method (De
Jong, 1989).

Pupils tackle a problem in various ways. Chi et al. (1982) distinguish
the experienced problem-solver who uses problem-solving schemes he has
developed while solving various problems, as a result of which he has
procedural knowledge, from the novice problem-solver who pays more
attention to superficial characteristics of the problem, in which factual and
declarative knowledge are used.

Van Eck-Schouten (1983) distinguishes pupils who achieve well from
those who achieve poorly. The first group of pupils is marked by a pur-
poseful approach, whereas the other group spends much of the time on
orientating activities.

In order to be able to execute independently practical assignments in
which problem-solving plays a major part, the role of the teacher or his/her
substitute, for example self-instructing material, is initially important. Later,
the influence of the teacher will diminish. The pupils then have to possess
metacognitive skills in order to be able to work independently on their own.
(De Klerk et al., 1989).

The concept of ‘metacognition’ is defined as the knowledge someone has
of, and the control he/she has over, his/her own cognitive processes (Flavell,
1976). This means among other things that one checks one’s results and
wonders whether one has sufficient knowledge. A beginner has little or
no metacognitive skills; as pupils become more experienced, they display
active and conscious self-regulation.

General metacognitive skills are: (a) predicting, planning (b) checking
(c) monitoring (d) reality testing and (e) coordinating, controlling (Schepens
et al., 1981). The concept of ‘self-regulation’ is closely related to that of
‘metacognition’. In self-regulation, the pupil thinks of a suitable sequence,
asks himself questions and runs his own internal checks on the course of
the learning process.

Education can influence this self-regulation by taking over the pupils’
processing and controlling activities, by encouraging these activities, by
helping the pupils to develop skills in self-guided learning and by influ-
encing pupils’ conceptions and orientation (Vermunt, 1989).

Various studies have been executed in which measures were taken to
facilitate the development of metacognitive skills. These studies do not
concern Technology in particular, but relate mainly to language teaching
(the studying of texts), arithmetic and science education (Van Daalen-
Kapteijns & Elshout-Mohr, 1989; Van Hout-Wolters, 1986; Veenman &
Elshout, 1992).

The measures taken are: the addition, or not, of metaphors to study-texts,
the use of advanced organizers, the making of a set of notes or study
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questions, the addition of study tasks, intermediate test questions, the
marking of parts of the text by teachers and pupils, the indicating of steps
to be taken on a planning list, and the giving of supplementary instruc-
tions before, during and after the learning of concepts.

The additional measures in this PSIT-project relate to the task structure
of the practical assignments in the teaching/learning packages of the SLO.
A strongly structured task has many externally imposed strategies, whereas
a weakly structured task needs many self-initiated strategies (van der
Sanden, 1986). It is expected that low-ability pupils will have the best results
with strongly structured assignments, but that high-ability pupils will benefit
more from weakly structured assignments (see also section 4).

3. RESEARCH QUESTIONS

The PSIT-project concentrates on the formative evaluation of variants of
a teaching/learning package concerning a construction problem (construc-
tion of a rotating filter) and an explanation problem (assembling a model
of a time-switch). For each of these two types of problems, two instruc-
tional variants, varying in the structure of the instruction (i.e. strongly
structured and weakly structured) were developed. With these instructional
variants, the following two research questions are addressed.

1. In what respect does variation of instructional procedures (strongly
structured vs. weakly structured) influence the pupils’ technical problem-
solving processes?

2. In what respect do pupil characteristics (e.g. gender, spatial and tech-
nical orientation, field (in)dependence, type of secondary education
(i.e. low- and high-ability)) influence their technical problem-solving
processes when a particular instructional variant is applied?

It is hypothesised that the pupils who use the strongly structured variant
will achieve better, i.e. they will need less time and their final product
will be valued more highly. Additionally, it is expected that some pupil
characteristics will affect achievement in positive ways.

4. DESIGN OF THE RESEARCH

The research was preceded by a feasibility study (Doornekamp & Streumer,
1993) to establish whether sufficient schools for junior vocational educa-
tion, and schools for secondary general and pre-university education in
particular, were willing to take part in the research and whether these schools
had the necessary facilities for carrying out practical assignments. Because
of a change in the conduct of the research, this last question is no longer
relevant (the required material is supplied by the PSIT-project).

Members of the Association for Technology Teachers (abbreviated in
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Dutch to VeDoTech) were approached by means of a questionnaire to
ascertain their willingness to participate in the research. The result of this
feasibility study was that 21 schools with sufficient pupils were willing
to take part in the study.

The research started with a preliminary investigation in which the two
instructional variants for each of the chosen problems had to be devel-
oped. From the teaching/learning package, Technology in Water Purification,
the lesson chosen concerned the construction of a rotating filter. From the
teaching/learning package Process Technology, the lesson selected was about
a mechanical device used in a time-switch. To solve the problems the pupils
used FischerTechnik construction material.

A prototype of an instructional variant was presented to a number of
pupils from junior vocational education in order to find out how they solved
the problem and how they used the developed instructional variant and
the construction material while doing so. By asking the pupil questions,
while she/he was solving the problem, information was gathered about
the problem-solving processes used and the part that the developed instruc-
tional variant played in these processes.

On the basis of the literature on metacognition, and particularly that
relating to the measures that can be taken in written material to stimulate
metacognitive skills with pupils, it was decided that the strongly struc-
tured variant (instructional variant A) would be supplied with additional
information and instructions which the pupils could use to solve the problem
concerned. In the construction problem, these instructions consist of
photographs and accompanying information about the use of the parts of
FischerTechnik in order to be able to build the drive and the transmission
of a rotating filter. This information was not included in the instructional
variant B of the construction problem. The following four practical assign-
ments have to be carried out in the construction problem (in both variants):
(1) mounting a rotating filter (2) designing the drive and the transmission
(3) mounting the drive and the transmission, and (4) testing the solution.
In the explanation of the problem, a series of step-by-step drawings was
included in the strongly structured variant (instructional variant A) on the
basis of which the pupil can build the model of a time switch. In the
weakly structured variant (instructional variant B), only a photograph (black
and white) of the final result was shown. Four practical assignments have
to be carried out in this problem in both variants: (1) assembling a model
of a time switch (2) connecting the electric motor to the transformer (3)
testing the solution, and (4) improving the model by adding parts to the
wheel and testing. For both problems, each of the instructional variants
contained a parts list (black and white photograph and text per part) of
the contents of the box of FischerTechnik.

After the preliminary investigation, two studies (one per problem) were
conducted in parallel. In design and execution, these two studies were
identical.

In research into the use of metacognitive skills, as in this study, inter-
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views and thinking aloud procedures are common research methods (Garner,
1988). In spite of the fact that these methods are often used, there are
some objections to their use. Thus it is often the case that it is extremely
difficult to understand fully what has actually been done. This requires a
reasonable language skill on the part of the pupils. In addition, pupils are
often inclined to tell what they should have done, and asking them ques-
tions may lead to socially desirable rather than accurate answers. Also, a
check of the reports after a given period of time is often lacking and it is
possible that thinking aloud might affect the execution of the assignments
(Veenman et al., 1993).

Garner (1988) has offered some suggestions to overcome these objec-
tions. These are: (1) gather the information as quickly as possible (2) ask
what pupils are doing, not what they are thinking (3) disturb the (problem-
solving) process as little as possible (4) take into consideration those pupils
who have language difficulties (5) verify the reliability, and (6) combine
a variety of research instruments. Alternative research methods are: stim-
ulated recall on the basis of video recordings, peer tutoring and the making
of optimal and non-optimal products.

With these labour-intensive research methods, it is only possible to study
a limited number of pupils. This often results in laboratory-like situations
in which pupils take part in the research under controlled conditions.

The PSIT-project opted for a more large-scale research programme in
which the research context is as similar as possible to the situation in
which Technology is taught. Research methods such as interviews and
thinking aloud procedures can then no longer be used. It becomes neces-
sary to check by observation how pupils solve problems and in what way
the instructions that appeal to metacognitive skills are used in this process.

The ‘construction problem’ study and the ‘explanation problem’ study
were designed as an experiment according to the ‘independent group design’
(Willems, 1989). In each school the participating cohort of pupils is divided
into two groups. One group is given instructional variant ‘A’ and the other,
instructional variant ‘B’. There is no control group in this design.

On the basis of an evaluative research by the SLO (Huijs, 1991) the
research distinguishes pupils in junior vocational and junior secondary
general education on the one hand from pupils in senior secondary general
and pre-university education on the other. This distinction is related to the
approach to Technology education at these schools. At schools for junior
vocational and junior secondary general education, the approach is more
practical, whereas at schools for senior secondary general and pre-univer-
sity education a more theoretical approach is the norm.

It was the aim to have 80 pupils in the first form of secondary educa-
tion per study per category taking part in the research (i.e. a total of 320
pupils). This applied to both the construction and the explanation problem.

In the research, a variety of instruments was used. A brief explanation
of the instruments is given below. The pupils fill out a Pupils’ Questionnaire
(gender, age, ethnic background, experience with FischerTechnik etc.),
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and complete the Subtest Mechanical Reasoning and the Subtest Space
Relations (subtests of the Differential Aptitude Testseries, the DAT ’83
(Evers & Lucassen, 1983), the Group Embedded Figures Test (Witkin et al.,
1971) and an Evaluation Form (seeking opinion about the teaching/learning
package).

While the practical assignments are being carried out, an Observation
Outline is used. The activities executed by the pupils recorded on this
form are recorded at one-minute intervals. For each practical assignment,
a separate outline was developed.

After the last practical assignment of the construction problem had been
completed, a colour photograph was taken of the final result. Afterwards,
the end result is judged for its degree of complexity based on the number
of transmissions and the use of full speed or reduced speed. Prior to the
execution of the practical assignments, the Technology teacher also gave
an estimation for each group of pupils of the extent to which problems
could be expected. He used the Teachers’ Questionnaire for this purpose.
The questionnaire includes two questions on problem-solving activities in
Technology.

Each teaching/learning package consists of two volumes. The practical
assignments are put together in volume 2. The written assignments in the
package for the construction problem are all in volume 1. The package
for the explanation problem has written assignments in both volumes
(Doornekamp & Streumer, 1994b).

The research at school level is led by an experimenter. He takes care
of the presentation of the problem, the introduction to the various instru-
ments, including the psychological tests, and the execution of the practical
assignments. For the execution of the practical assignments, each pupil
has a box with FischerTechnik parts at his/her disposal. For the construc-
tion problem, there is also a synthetic aquarium with tubes and a filter.
During the execution of the problem, pupils are observed by trained
observers using the observation outline. The observers were instructed
beforehand on the use of this outline by means of video-recordings of pupils
engaged in problem solving. The research starts in the first lesson and
ends after the sixth lesson.

5. RESULTS OF THE CONSTRUCTION PROBLEM STUDY

The study was carried out at 15 schools for secondary education with a total
number of 305 pupils. Slightly less than half of the pupils were girls. Half
of the pupils were categorised as junior vocational/junior secondary general
education’, while the other half were involved with ‘senior secondary
general/pre-university education’. About half of the pupils used the strongly
structured variant of the instructional material.

Over 60% of the pupils were 13 years old. On average, pupils of the
category ‘junior vocational/junior secondary general education’ were a little
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older (mean = 13.1) than pupils of the category ‘senior secondary
general/pre-university education’ (mean = 12.7). This is due to the fact
that more pupils of the category ‘junior vocational/junior secondary general
education’ have repeated a year more often. The difference is significant
(t=35.03, a £ 0.05).

Few pupils have direct prior experience with FischerTechnik (boys 29%,
girls 8%). More pupils have experience with Lego (Technic) and/or Meccano
(almost 90%). On the whole, three quarters of the pupils had been taught
Technology at school. In the category ‘senior secondary general/pre-uni-
versity education,’ this percentage was smaller (68%).

Three psychological tests were administered. 95% of the pupils com-
pleted all of these tests. The reliability coefficients varied between 0.86
and 0.93. The mean scores were 34.05 (sub-test Mechanical Reasoning),
28.59 (subtest Space Relations) and 10.02 (Group Embedded figures Test).

In general, girls scored lower than boys on these three tests. The dif-
ferences were statistically significant. The pupils from ‘senior secondary
general/pre-university schools’ have higher mean scores on these texts
than the pupils from ‘junior vocational/junior secondary general education’.
Here too, the differences were significant (see Table I).

There was no (significant) difference between the pupils who used the
strongly structured and those who used the weakly structured instructional
variant (see Table I).

The teaching/learning package contains seven written assignments. The
pupils’ mean total score was 6.2 (the maximum score is 7). The girls had
a higher mean score than the boys. In addition, the pupils from ‘senior
secondary general/pre-university education’ had a higher score than pupils
from ‘junior vocational/junior secondary general education’. The differences
are statistically significant (see Table II).

The construction problem consists of five practical assignments (e.g.
the application of FischerTechnik).

Over 62% of the pupils, 191 pupils in total, completed all the practical
assignments. The following results relate to these pupils only. They produced
effective, working solutions. More boys, more pupils who used the weakly
structured variant and more pupils from ‘senior secondary general/pre-
university education’ completed all the practical assignments.

The time needed to complete all practical assignments indicates the
degree of efficiency. For each practical assignment, there were major dif-
ferences in the amount of time spent on it. The mean time spent on all
practical assignments was 58.2 minutes. This mean was calculated for
the 191 pupils who completed all the practical assignments. The girls, the
pupils who used the strongly structured variant and the pupils from ‘senior
secondary general/pre-university education’ spent more than the mean time
on these assignments. The differences were statistically significant (see
Table II).

There was no relation between one or more pupil’s characteristics
(technical orientation, spatial orientation and field(in)dependence) and the
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amount of time spent on the practical assignments of the construction
problem.

In one of the practical assignments, the pupils were required to make a
drawing. It appeared that almost half of the pupils made this drawing after-
wards rather than beforehand. About 60% of the pupils drew both views
(front view and side view). Almost all pupils drew both the drive and the
transmission. Almost 60% did give no explanation of the drawing.

On the basis of the photograph of the final working product, it was
determined that over 40% of the pupils had made a very simple solution
(one transmission and full speed). Only 7% had built a more complex
solution. This 7% mainly consisted of boys.

Pupils who used the strongly structured variant, spent more time on the
construction problem (see Table III).

TABLE Il
Mean time (in minutes) spent on the construction problem, split up according to instruc-
tional variant and category of secondary education and according to instructional variant
and gender.

Construction problem

n=191
58.22
Strongly structured Weakly structured
n = 88 n =103
60.81 56.01
Junior vocational/ Senior secondary Junior vocational/ Senior secondary
junior secondary general/ junior secondary general/
general pre-university general pre-university
n =39 n =49 n =46 n=57
59.51 61.84 51.89 59.33
Girl Boy Girl Boy
n =36 n=>52 n =45 n =58
66.50 56.87 58.89 53.78

For the weakly structured variant the difference between ‘junior voca-
tional/junior secondary general education’ and ‘senior secondary general/
per-university education’ regarding the total amount of time spent was larger
than for the strongly structured variant. In both cases, pupils from ‘senior
secondary general/pre-university education’ needed more time than pupils
from ‘junior vocational/junior secondary general education’ (see Table III).

The difference between girls and boys in the mean time spent was larger
for the strongly structured variant than for the weakly structured variant.
For both variants, girls needed more time than boys (see Table III).

For the strongly structured variant, pupils with a high technical orien-
tation, a high spatial orientation or high field (in)dependence generally
needed less time than other pupils. In an analysis of variance there is a
significant interaction-effect for the pupil’s characteristic ‘field(in)depen-
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Fig. 1. Mean time spent on construction problem of pupils with low and high field(in)depen-
dence per instructional variant.

dence’ (F(1.135) = 6.88). Figure 1 is a graphic representation of this inter-
action.

Pupils who did have prior experience of FischerTechnik generally needed
less time than pupils who did not have this experience. For the strongly
structured variant pupils with experience needed on the whole less time than
with the weakly structured variant. Here, too, the interaction-effect was
significant F = (1.178) = 4.41.

On the basis of a combination of various results (among others, scores
based on the process e.g. the execution of the third and fourth practical
assignment and the drawing of the design, and scores based on the product
like the complexity) a score measuring appreciation of the final product was
calculated. The mean score of the 191 pupils was 12.7.

The mean score on appreciation of the boys’ final product was signifi-
cantly higher than that of the girls’ score. The difference between the pupils
from ‘junior vocational/junior secondary general education’ and the pupils
from ‘senior secondary general/pre-university education’ was small as far
as the score an appreciation of the final product is concerned (see Table
II).

For pupils who used the strongly structured variant, the mean score on
appreciation of the final product was somewhat higher than for pupils who
used the weakly structured variant. The difference however, is not signif-
icant.

The teachers expected girls to have more difficulties than boys. They
did not expect large differences between the two variants. Teachers of
schools in the category ‘senior secondary general/pre-university educa-
tion’ anticipated that their pupils would encounter few difficulties. They
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were more positive about their pupils than their colleagues from the category
‘junior vocational/junior secondary general education’.

The teachers pointed out several problems related to problem-solving
activities, in particular, the analysis and solution of problems by pupils
themselves. In addition, teachers of schools in the category ‘junior voca-
tional/junior secondary general education’ mentioned reading problems, fear
of failure and concentration difficulties.

By means of multiple regression analysis, it was possible to examine how
pupil characteristics affected both the total time spent on the construction
problem and the score on appreciation of the final product. The multiple
regression analysis was based on the following independent variables:
the pupil’s gender, type of secondary school attended, technical and
spatial orientation, the field (in)dependence, and the experience with
FischerTechnik and with other construction toys. The instructional variant
was also included in the analysis.

For both the total amount of time spent and the score on appreciation
of the final product the (pupil’s) characteristics accounted for only a small
part of the variance. Tables IVa and IVb present the results of the two
multiple regression analyses.

With the total amount of time spent as the dependent variable, the (pupils)
‘experience with FischerTechnik’, ‘the used instructional variant’, ‘the
pupil’s gender’, ‘experience with construction toys’ and ‘the category of
secondary education’ accounted for 16% of the variance.

The score on appreciation of the final product of the construction problem

TABLE IVa.
Results of the stepwise multiple regression analysis with the total time spent on the
construction problem as the dependent variable (n = 179)

Step  Variable R R? R? F Sign.
change change
1 FischerTechnik 0.25 0.06 0.06 12.16 0.00
2 Instructional variant 0.30 0.09 0.03 5.58 0.02
3 Pupil’s gender 0.35 0.12 0.03 5.20 0.02
4 Construction toys 0.37 0.14 0.02 3.29 0.07
5 Categ. of second. educ. 0.40 0.16 0.02 4.54 0.03
TABLE IVb.

Results of the stepwise multiple regression analysis with the score on appreciation as the
dependent variable (n = 179)

Step  Variable R R? R? F Sign.
change change

1 Space Relations 0.31 0.09 0.09 18.45 0.00

2 Categ. of second. educ. 0.38 0.15 0.06 10.57 0.00

3 Pupil’s gender 0.42 0.18 0.03 6.57 0.01
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was affected by the (pupils’) characteristics ‘spatial orientation’, ‘category
of secondary education’ and gender. These (pupil’s) characteristics account
for 18% of the variance.

6. RESULTS OF THE EXPLANATION PROBLEM STUDY

The study was carried out at 14 secondary schools with a total number of
295 pupils. Half of the pupils were girls. Over 55% of the pupils were
receiving a ‘junior vocational/junior secondary general education’, the other
pupils belong to the category ‘senior secondary general/pre-university edu-
cation’. About half of the pupils used the strongly structured instructional
variant.

Almost 60% of the pupils were 13 years old. In general, pupils from
the category ‘junior vocation/junior secondary general education’ were a
little older (mean = 13.3) than pupils from the category ‘senior secondary
general/pre-university education’ (mean = 12.7). This is because more pupils
receiving a ‘junior vocational/junior secondary general education’ have
repeated a year. The difference is significant (t = 8.15, a < 0.05).

Few pupils have any experience with FischerTechnik (boys 28%, girls
18%). More pupils have experience with Lego(Technic) or Meccano (over
85%). In general, three quarters of the pupils were taught Technology at
school. In the category ‘junior vocational/junior secondary general educa-
tion” this figure was slightly higher (80%).

The three psychological tests were administered to 95% of the pupils. The
reliability coefficients varied from 0.85 and 0.92. The mean scores were
34.70 (subtest Mechanical Reasoning), 28.42 (subtest Space Relations)
and 10.43 (Group Embedded Figures Test).

On these three tests, girls had a lower mean score than boys. The dif-
ferences were significant, with the exception of the Group Embedded
Figures Test. The pupils receiving a ‘senior secondary general/pre-univer-
sity education’ had higher mean scores on these tests than those pupils from
‘junior vocational/junior secondary general education’. Here too the dif-
ferences were significant (see Table V).

Once again, there was no (significant) difference between the pupils who
used the strongly structured instructional variant and those who used the
weakly structured variant.

The teaching/learning package includes ten written assignments in
volume 1 and eight written assignments in volume 2. The mean total score
of the pupils for volume 1 was 8.5 (maximum score is 10) and for volume
2, 5.5 (maximum score is 13). Although the eighth written assignment of
volume 2 consists of several parts, not all pupils answered these written
assignments.

For volume 1, the pupils from ‘senior secondary general/pre-university
education’ had a higher mean score than pupils from ‘junior vocational/
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junior secondary general education’. The difference was significant. For
volume 2, the boys, the pupils who used the strongly structured variant
and the pupils from ‘senior secondary general/pre-university education’ had
a higher mean score. The differences are significant (see Table VT).

The explanation problem consists of four practical assignments. A total
of 192 pupils (65% of all pupils) completed all of these assignments. The
following results refer to these pupils only. They produced effective,
working solutions. More boys, more pupils who used the strongly structured
variant and more pupils from ‘senior secondary general/pre-university
education’ completed all the practical assignments.

The time needed to complete all the practical assignments indicates the
degree of efficiency. For each practical assignment there were major dif-
ferences in the amount of time spent on it. The mean time spent on all
practical assignments was 53.8 minutes. This mean was based on the 192
pupils who executed all practical assignments. The girls, the pupils who
used the weakly structured variant and the pupils from ‘senior secondary
general/pre-university education’ spent more time on these practical assign-
ments. Only the difference between the girls’ and the boys’ means was
significant (see Table VI).

There is a small negative relation between pupils’ ‘technical orienta-
tion’ and the amount of time spent on the explanation problem. The relation
between the other two pupils characteristics of ‘spatial orientation’ and
field(in)dependence’ and the amount of time spent on the practical assign-
ments of the explanation problem is negligible.

During the observation of one of the practical assignments, the con-
struction sequence of the major parts was recorded. For this purpose, the
task was divided into six major parts. On the basis of the step-by-step
drawings, there is an ‘ideal’ sequence.

It appears that pupils who used the strongly structured variant mostly
stuck to this ideal sequence. For the weakly structured variant, this sequence
was less in evidence. Girls and boys differed on one point in this con-
struction sequence. The girls start with the switch, whereas the boys begin
with the engine and the gearbox.

Pupils who used the strongly structured variant spent less time on the expla-
nation problem (see Table VII).

For the weakly structured variant the difference between ‘junior voca-
tional/junior secondary general education’ and ‘senior secondary general/
pre-university education’ is larger than for the strongly structured variant.
For both variants pupils from ‘senior secondary general/pre-university edu-
cation’ needed more time than pupils in receipt of ‘junior vocational/junior
secondary general education’ (see Table VII).

The differences between girls and boys in the average amount of time
spent on the problem is larger for the weakly structured variant than for
the strongly structured variant. For both variants, girls generally needed
more time than boys.
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TABLE VIL
Mean time (in minutes) spent on the explanation problem, split up according to instruc-
tional variant and category of secondary education and according to instructional variant
and gender.

Explanation problem

n=192
53.81
Strongly structured Weakly structured
n =102 n =90
53.17 54.54
Junior vocational/ Senior secondary Junior vocational/ Senior secondary
junior secondary general/ junior secondary general/
general pre-university general pre-university
n=>50 n=>52 n=2>53 n =37
53.12 53.21 53.42 56.16
Girl Boy Girl Boy
n=438 n=>54 n=32 n=>58
56.63 50.09 61.91 50.48

Pupils who used the strongly structured variant but who did not have any
prior experience with FischerTechnik generally needed less time than pupils
with such experience. However, for the weakly structured variant, pupils
who had the relevant experience generally needed less time than pupils
without it. From an analysis of variance it becomes evident that the inter-
action effect is significant (F (1.184) = 12.86). Figure 2 is a graphic
representation of the interaction.

On the basis of a combination of various results (e.g. scores based on
the construction sequence and the completion of the second, third and fourth
practical assignments) a score on appreciation of the final product was
calculated. The mean score of the 192 pupils was 7.9.

The mean score on appreciation of the final product of the boys was
significantly higher than the score of girls (see Table VI). The difference
in score between the pupils from ‘junior vocational/junior secondary general
education’ and those from ‘senior secondary general/pre-university edu-
cation’ on the score on appreciation of the final product is small.

Pupils who used the strongly structured variant had a significantly higher
mean score on appreciation of their final product than pupils who used
the weakly structured variant.

The teachers expected the girls to experience more difficulties than the
boys with respect to both variants. Teachers in senior secondary general/
pre-university schools expected their pupils to experience few difficulties.
They were more positive about their pupils than their colleagues working
in ‘junior vocational/junior secondary general schools.’

The teachers pointed out various problems related to problem-solving
activities. Pupils have had difficulties in reading the assignments and in
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Total time Explanation problem (minutes)

65

60

55

50

45
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Experience with FischerTechnik

% no experience “® experience

Fig. 2. Mean time spent on explanation problem of pupils who do and do not have
experience with FischerTechnik per instructional varjant.

turning from the assignment to the task. Also, a fear of failure and con-
centration problems were identified, particularly by teachers in ‘junior
vocational/junior secondary general schools.

By means of multiple regression analysis, it was determined which
characteristics affected the total amount of time spent on the explanation
problem and the score on appreciation of the final product. The multiple
regression analysis was based on eight independent variables (see section
5).

For both the total amount of time spent on the problem and for the
score on appreciation of the final product the (pupils’) characteristics
account for only a small part of the variance (see Table VIIIa and Table
VIIIb).

With the total amount of time spent as dependent variable the (pupil’s)
characteristics ‘pupil’s gender’, ‘technical orientation’ and ‘category of
secondary education’ account for 17% of the variance.

The score on appreciation of the final product of the explanation problem
is affected by ‘the used instructional variant’, ‘pupil’s gender’, ‘spatial
orientation’ and ‘field(in)dependence’. These pupil characteristics account
for 19% of the overall variance.

7. CONCLUSIONS
On the basis of the two studies, several answers can be offered to the

research questions.
As regards the construction problem it can be concluded that:
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TABLE VIlIa.
Results of the stepwise multiple regression analysis with the total time spent on the
explanation problem as the dependent variable (n = 172)

Step  Variable R R? R? F Sign.
change change

1 Pupil’s gender 0.35 0.12 0.12 23.37 0.00

2 Mechan. Reasoning 0.40 0.16 0.04 7.17 0.01

3 Categ. of second. educ. 0.42 0.17 0.01 3.23 0.07

TABLE VIIIb.
Results of the stepwise multiple regression analysis with the score on appreciation as the

dependent variable (n = 172)

Step  Variable R R? R? F Sign.
change change
1 Instructional variant 0.27 0.07 0.07 13.77 0.00
2 Pupil’s gender 0.36 0.13 0.06 9.92 0.00
3 Space Relations 0.39 0.15 0.02 5.06 0.03
4 Field(in)dependence 0.44 0.19 0.04 7.78 0.01
1. The strongly structured variant did not lead on average, to a faster com-

pletion of the practical assignments. Reading the additional information

takes time too. In both variants, low-ability pupils were faster.

In general, pupils from senior secondary general and pre-university edu-
cation do not work faster than pupils from junior vocational and junior
secondary general education. This is not affected by the instructional

variant.

Pupils do not consider making a drawing to be an essential part of

the problem-solving process.

The strongly structured variant with additional information did not lead

to comparatively more complex solutions.
. Pupils who used the strongly structured variant attained a higher mean

score on appreciation of the final product. However, the difference is

not significant.

Prior experience with FischerTechnik plays a major part in the solving
of the problem presented.
Girls and boys completed the practical assignments in different ways.
This resulted in differences in time, final result and score on appreci-
ation of the final product in favour of the boys.
Technical and spatial orientation do not affect the problem-solving
process. Field(in)dependence does appear to have an effect, if, for each
variant, a distinction is made between pupils with high and pupils

with low field(in)dependence.
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As far as the explanation problem is concerned, the following conclusions
can be drawn.

1. The strongly structured variant generally resulted in a quicker solution
to the problem. However, the difference is small and not statistically
significant. In the weakly structured variant, low-ability pupils were
faster than high-ability pupils.

2. The strongly structured variant leads to comparatively more cogni-
tive activities and to fewer motor activities.

3. For both variants, pupils from the category ‘senior secondary general/
pre-unijversity education’ generally needed more time than pupils from
the category ‘junior vocational/junior secondary general education’.
However, the differences are small.

4. The ‘ideal’ construction sequence is followed more clearly of the
strongly structured variant than for the weakly structured variant.

5. The use of the strongly structured variant resulted in a significantly
higher score on appreciation of the final product.

6. Boys achieve better than girls on this problem as far as the amount
of time needed and the score on appreciation of the final product are
concerned. Girls spend less time than by on cognitive and motor activ-
ities.

7. As the pupils’ technical orientation increases, the amount of time
necessary to solve the problem decreases.

8. Pupils with a high field(in)dependence generally needed less time
with the strongly structured variant than pupils with low field(in)depen-
dence.

9. In the weakly structured variant, experience with FischerTechnik plays
a bigger part than in the strongly structured variant.

10. Experience with construction toys in general is important for solving
the problem presented.

8. DISCUSSION

The PSIT project concentrated on the formative evaluation of teaching/
learning packages for problem solving in Technology, in terms of the
achievement of pupils. It was expected that low-ability pupils, defined as
pupils in junior vocational and junior secondary general education, will
benefit more from strongly structured assignments in teaching/learning
packages, while high-ability pupils, defined as pupils in senior secondary
general and pre-university education, will attain the best results with weakly
structured assignments in teaching/learning packages.

In addition, it was hypothesised that some pupil characteristics, like
gender, would influence achievement.

If this expectation were confirmed, the curriculum developers of the SLO
Technology project could take full account of the results of this study in
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their work and design differentiated teaching/learning packages aimed at the
different target populations in secondary education.

However, the conclusions that were drawn in the PSIT-project with
reference to the above expectations were ambiguous. As far as the strongly
structured variant of the teaching/learning package on the construction
problem is concerned, high-ability pupils spent more time on the assign-
ments than low-ability pupils. As far as the weakly structured variant of
the teaching/learning package on the construction problem is concerned,
high-ability pupils also needed more time to finish their assignments. In
both cases, the differences between the two categories of pupils were
statistically significant.

The appreciation scores of the final product of the construction problem
showed that high-ability students did better on the strongly structured
teaching/learning package, while low-ability students obtained better results
on the weakly structured teaching/learning package. In both of these cases,
the differences were very small and statistically not significant.

The above results therefore do not support the above mentioned
hypotheses. The results were contrary to expectations.

As far as the teaching/learning package on the explanation problem are
concerned, it was observed that the hypotheses relating the structure of
the teaching/leamming packages and the ability of pupils were once again
rejected, although the differences between the scores were less prominent
and accordingly not significant. The appreciation scores of the final product
of the explanation problem showed, in all conditions, only slight, non sig-
nificant differences.

As far as the influence of gender on the achievements of boys and girls,
it was concluded that in all circumstances, i.e. all four teaching learning
packages, the scores of boys were higher. These results are in line with
the expectations and other research findings in the field of Technology
(Streumer, 1988).

From this study, it can be concluded that results found in some other
research on the interaction between the degree of structure of assignments
in teaching/learning packages and the ability level of pupils, as defined in
the above mentioned hypotheses (Vvan der Sanden, 1986) are not confirmed.
It is evident that the relation between the structure of assignments and the
ability of students is far more complex than has been thought. This leads
to the conclusion that in-depth research into the expected relations is nec-
essary. The implication is that, at present, no unequivocal recommendations
can be given to curriculum developers. Given the extremely complex rela-
tions between the variables distinguished in this study, considerable time
and research effort will be needed before such recommendations can be
made.



PROBLEM-SOLVING IN TECHNOLOGY 81

REFERENCES

Chi, M. T., Glaser, R. & Rees, E.: 1982, “Expertise in Problem Solving’, in R. J. Sternberg
(ed.), Advances in the Psychology of Human Intelligence, Erlbaum, Hillsdale (NJ), 7-77.

Daalen-Kapteijns, M. M. van & Elshout-Mohr, M.: 1989, ‘Tekstgebonden leercriteria en
zelfregulatie’, in P. Span, E. de Korte & B. van Hout Wolters (red.), Onderwijsleer-
processen: strategieén voor de verwerking van informatie; serie ‘Bijdragen aan de
onderwijsresearch’, nr. 22, Swets & Zeitlinger, Amsterdam, 85-92.

Doornekamp, B. G. & Streumer, J. N.: 1992, Projectvoorstel Techniek in het voortgezet
onderwijs. Probleemoplossend handelen in lespakketten (SVO-projectnr. 92100),
University Twente-OCTO, Enschede.

Doornekamp, B. G. & Streumer, J. N.: 1993, Verslag haalbaarheidsonderzoek PHIL-project
(SYO-projectnr. 92100), Universiteit Twente — OCTO, Enschede.

Doornekamp, B. G. & Streumer, J. N.: 1994a, Probleemoplossend handelen in lespakketten
voor het techniek-onderwijs. Eindrapport PHIL-project, Universiteit Twente — OCTO,
Enschede.

Doornekamp, B. G. & Streumer, J. N.: 1994b, Probleemoplossend handelen in lespakketten
voor het techniek-onderwijs. Lesmateriaal bij het constructie- en het verklaringsprobleem,
Universiteit Twente — OCTO, Enschede (interne publicatie).

Eck-Schouten, A. van: 1983, Project Het Leren van psychomotorische vaardigheden in het
lager technisch onderwijs. Deelproject B: Leerstrategieén bij het uitvoeren van
praktijkopdrachten. Verslag van het tweede hoofdonderzoek, Technische Hogeschool
Eindhoven, Eindhoven.

Evers, A. & Lucassen, W.: 1991, DAT ’83. Differentiéle aanleg testserie, Swets & Zeitlinger,
Lisse.

Flavell, J. H.: 1976, ‘Metacognitive Aspects of Problem Solving’, in L. B. Resnick (ed.),
The Nature of Intelligence, Erlbaum, Hillsdale, NJ, 231-235.

Garner, R.: 1988, ‘Verbal-Report Data on Cognitive and Metacognitive Strategies’, in
C. E. Weinstein, E. T. Goetz & P. A. Alexander (eds.), Learning and Study Strategies:
Issues in Assessment, Instruction and Evaluation, Academic Press, San Diego, 63-76.

Hout Wolters, B. H. A. M. van: 1986, Markeren van tekstgedeelten in studieteksten. Een
proces-produkt benadering, Swets & Zeitlinger, Lisse.

Huijs, H. (1991). Verzamelstaat schoolevaluaties. Enschede, SLO. (intern rapport).

Huijs, H. & Hermans, P.: 1993, Een leerplan technick, serie Bouwstenen voor de basisvorming,
SLO/Wolters-Noordhoff, Enschede.

Jong, R. de: 1989, Probleemoplossen binnen her vak techniek. Kenmerken en effecten van
een onderwijsleerprogramma voor Lbo- en Middenscholen; serie Monografieén onder-
wijsonderzoek, nr. 5, RION, Groningen.

Klerk, L. F. W. de, Schouten, A. & Sanden, J. M. M. van der: 1989, Het leren van
praktische vaardigheden. Aanzetten tot een didaktiek van technisch onderwijs, ACCO,
Amersfoort.

McCormick, R., Murphy, R. & Hennesey, S.: 1994, ‘Problem-Solving Processes in Technology
Education: A Pilot Study’, International Journal of Technology and Design Education
4(1), 5-34.

Mettes, C. T. C. W., & Pilot, A.: 1980, Over het leren oplossen van natuurwetenschap-
pelijke problemen. Een methode voor ontwikkeling en evaluatie van onderwijs, Toegepast
op een kursus thermodynamika, T. H. Twente, Enschede.

Sanden, J. M. M. van der: 1986, Het leren van technische vaardigheden. Individuele ver-
schillen bij het uitvoeren van praktijkopdrachten in het Lager Technische Onderwijs, SVO,
‘s-Gravenhage.

Schepens, J., Streumer, W. & Tricht, N. van: 1981, Operationaliseringsvormen van (meta)cog-
nitieve activiteiten, Rijksuniversiteit Utrecht — IPAW, Utrecht.

Streumer, J. N.: 1988, Evalueren van techniek. De Lier, Academisch Boeken Centrum.

Veenman, M. V. J. & Elshout, J. J.: 1992, ‘Intelligentie en metacognitieve vaardigheden’,
Tijdschrift voor onderwijsresearch 17(5), 290-302.



82 B. G. DOORNEKAMP AND J. N. STREUMER

Veenman, M. V. ], Elshout, J. J. & Groen, M. G. M.: 1993, ‘Thinking Aloud: Does it
Affect Regulatory Processes in Learning?’, Tijdschrift voor onderwijsresearch 18(6),
322-330.

Vermunt, J. D. H. M.: 1989, ‘Metacognitieve regulatie van tekstbestudering door studenten
in een zelfstudie-curriculum’, in P. Span, E. de Corte & B. van Hout Wolters (red.),
Onderwijsleerprocessen: Strategieén voor de verwerking van informatie; serie Bijdragen
aan de onderwijsresearch, nr. 22, Swets & Zeitlinger, Amsterdam, 93-104.

Willems, J. M. H. M.: 1989, ‘Sturen van leerprocessen met behulp van studietaken’, in P.
Span, E. de Corte & B. van Hout Wolters (red.), Onderwijsleerprocessen: Strategieén voor
de Verwerking van informatie; serie Bijdragen aan de onderwijsresearch, nr. 22, Swets
& Zeitlinger, Amsterdam, 113-121.

Witkin, H. A., Oltman, Ph.K., Raskin, E., & Karp, S. A.: 1971, A Manual for the Embedded
Figures Tests, Consulting Psychologists Press, Palo Alto (CA).

THE AUTHORS

Dr. B. Gerard Doomekamp is a researcher at the Centre for Applied Research in Education
of the University of Twente, The Netherlands. He has done several studies in the area of
Technology in primary education as well as in secondary education. He has published many
articles in Dutch and English in the area of Technology. At this moment he is also partici-
pating in a project of the National Institute for Curriculum Development. In this project a
national curriculum for Technology in primary education has to be developed.

Dr. Jan N. Streumer is associate professor in Education in the Faculty of Educational Science
and Technology, Department Curriculum of the University of Twente, the Netherlands. His
specialty is vocational education and training. He has written and co-authored several books
in the field of Technology (e.g. State of the Art of Technology in The Netherlands, Evaluation
of Technology). He is a member of the steering committee Technology of the National Institute
for Curriculum Development.

Phone: x-31-53 4893586/x-31-53 4893603
Fax: x-31-53 4893023
E-mail: doornekamp@edte.utwente.nl



