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Abstract
In this study we examined models of problem situations in the memory of good and
poor novice students. Subjects were shown very briefly descriptions of physics problems,
and after each exposure they were asked to reconstruct the given problem. The short
exposure time forces students to rely on models of problem situations in memory for giving
reconstructions. Presentation of situations, and reconstructions asked for, varied in modality
(words, figures, or combinations). For a number of situations subjects were asked, after they
had given a reconstruction, to write down information they thought necessary for solving the
problems. Results showed that all students reconstructed important information better than
less important information, so both good and poor students seem to have models of problem
situations at their disposal. There were, however, also differences between the two groups.
First, good students gave a better reconstruction of the question than weak students did.
Second, when subjects were requested to change modality in reconstruction (from figure
to words or vice versa), good students tended to reconstruct important information better
than the weak students. Finally, good students outperformed the weak group in generating
information concerning the solution of the problem.

Introduction
It is quite generally assumed that a person solving a (subject-matter) problem constructs
a mental representation of that problem. The concept of problem representation is similar
to the concept of problem space used by Newell and Simon (1972).
When confronted with a problem description, problem solvers use their knowledge to
construct an (initial) representation of the problem. This representation can be seen as
a combination of external information (present in the problem description) and internal
information (as present in the problem solver’s knowledge base). The problem solver’s
knowledge influences the initial representation in two ways, directly and indirectly. The
direct way implies that the problem solver adds information about the situation as such
from their memory to the problem description as it is offered. The indirect way is via
the perception of the problem description. Some elements from the problem description
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will be included in the problem representation,
whereas others will not (Braune &
Foshay, 1983). Constructing an adequate and complete initial representation will be
facilitated by the presence of prototypes, schemata or models of problem situations in the
knowledge base of the problem solver (Hinsley, Hayes, & Simon, 1977; Chi, Feltovich,
& Glaser, 1981).
Research on knowledge of situations uses various methods of which most are based
on the same principle: subjects have to reconstruct a problem description, while the
experimenter takes care that the problem description cannot be learned by heart.
To prevent direct recall, one could offer, for example, a sequence of a number of
problems and then give a cued recall (Mayer, 1982). The idea behind this technique is
that exposure to problem descriptions will trigger (if present) problem situation models
in memory.
This methodological principle was introduced by de Groot (1965) and Jongman (1967)
in their studies of memorizing chessboard positions. Here, for a very short period of
time, subjects were shown ~onfig~ations of pieces on a chessboard, which they had to
reproduce afterwards. The very short “exposure time” made it, in theory, impossible
to learn the positions by heart. This study was replicated with chess by Chase and
Simon (1973), with the game Go by Reitman (1976) and with the game Othello by
Wolff, Mitchell, and Frey (1984).
Similar research (see for example Rouse & Morris, 1986) was done with other material
than gamelike situations; for instance, on electronic circuits (Egan & Schwartz, 1979),
computer programs (Barfield, 1986; McKeithen, Reitman, Rueter, & Hirtle, 1981),
info~ative
texts, (Chiesi, Spilich, & Voss, 1979; Spilich, Vesonder, Chiesi, & Voss,
1979), algebra word problems (Silver, 1981; Mayer, 1982), and complex devices (Gott,
1989).
Nearly all these studies were carried out following the expert-novice paradigm, i.e.
the knowledge of problem situations of people of widely different levels of expertise
were compared. Results all point in the same direction. Experts are better than novices
in reconstructing problem descriptions from the domain in which they specialize. From
this it is concluded that experts have models of problem situations in memory, whereas
novices lack these models.
The alternative hypothesis that the superior performance of the expert could be
attributed to a greater capacity for sheer memorizing is refuted on the basis of two
other general findings. First, experts only perform better in meaningful (problem)
situations, not in situations that are composed of terms (elements) from the subject
matter, but together have a nonsensical character (see e.g. McKeithen et al., 1981).
Second, experts perform better in remembering the main parts from material offered
than in remembering non-relevant aspects. Novices remember relevant and non-relevant
elements equally well and at the level of the expert’s reconstruction of non-relevant
material (see e.g. Spilich et al., 1979).
Apart from differences between experts and novices in content and organization of
knowledge, differences within these groups exist as well (see for example de Jong &
Ferguson-Hessler, 1986; Ferguson-Hessler & de Jong, 1990). For knowledge of problem
situations this is illustrated in a study by Silver (1981). He found that of the students who
had to recall algebra word problems, the poor students were less able to remember the
structure of the problem than the good students. Also, a recent study by Camacho and
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Good (1989) investigated the actual problem representations used in problem solving
by successful and unsuccessful’chemistry
students. Using protocol analysis they found
that unsuccessful students create superficial, language-level representations instead of
the accurate chemical-quantitative
representations created by good students.
Differences between successful and unsuccessful novices are of special interest as
they contribute to our knowledge of the development of expertise, and, moreover,
they provide hints for improving methods of teaching. Our first research question
was therefore: Do successful novice students have different knowledge of problem
situations from poor students? Good and poor students were asked to study very briefly
a number of physics problem descriptions and subsequently asked to reconstruct them.
We assume that, due to the short exposure time, reconstructions have to be created from
the knowledge of problem situations of the subjects. If successful problem solvers possess
models of problem situations, whereas poor problem solvers lack these models, we must
expect good problem solvers to give better reconstructions of problem descriptions than
poor students.
Not only the content of situational knowledge is a significant factor in problem solving
but also the form of representation (Kintsch, 1989; Prawat, 1989). There is evidence that
working with visual information (“imagery”) is related to success in problem solving
(Kaufmann, 1984) and it is frequently claimed that translating a propositional problem
description into a visual representation is a crucial aspect of problem solving in science
(see for example Larkin and Simon (1987) on problem solving in physics, and Herron
(1990) on problem solving in chemisJry). As a second question we therefore stated:
Are reconstructions of problem situations effected by the modality (verbal or visual)
of the presentation, the modality required in the reconstruction, or the requirement
to change from one modality to the other? For this reason a number of the problem
descriptions were given in words, whereas others were given in figures. Also, subjects
had to give reconstructions sometimes in words, sometimes in figures. If working with
figural representations is related to expertise, we might expect differences between good
and weak students to be larger when figural information is involved in the presentation
and/or reconstruction of problem descriptions.
The significance of creating an initial representation of the problem situation as such
lies in the clue this gives to information (declarative and procedural) that is necessary to
solve the problem. This was emphasized in studies by Paige and Simon (1966) and Nesher
and Teubal (1975) who found that using isolated features of situations may sometimes
lead to the selection of incorrect solving actions (see also Caillot and Dumas-Carree,
1990). So, classifying a problem description as a specific type of problem will facilitate
the problem solving process if situational knowledge is already tied to the (correct)
declarative and procedural types of knowledge. This is the reason why situational
knowledge is sometimes called conditional knowledge (Alexander & Judy, 1988).
Research into knowledge structures of students (de Jong & Ferguson-Hessler,
1986)
made us expect that good students are better able to link the given problem situation
to the relevant elements of declarative and procedural knowledge. Therefore, our third
research question was: Are there differences in the degree to which students link their
knowledge of problem situations to the declarative and procedural knowledge necessary
for the solution of the problem? In order to answer this question we had the subjects write
down information they thought relevant for the solution of the problem after they had
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given the reconstruction of the problem description (without really solving the problem).
This was done for a subset of problem descriptions.

Method
Subject Matter

The subject matter in this study was Electromagnetism
at the level of first year
university students. It was taught to the participants in the experiment as part of their
regular study program. Topics dealt with were: static electric and magnetic fields in
vacuum, electric and magnetic effects of matter, induction phenomena, electromotive
force, and the Maxwell laws for vacuum. The experimenters were neither involved in
teaching this subject, nor in the construction and grading of the examination.
Subjects

Subjects in the study were 23 first year University of Technology students from a
department of Electrical Engineering, who had taken the first-year examination in
Electromagnetism approximately two weeks before the experiment was performed. This
written examination normally consists of a number of problems (4-6) where knowledge
of the subject has to be applied in situations which are more or less new to the students.
Usually the problems are split up into subproblems. Marks (x) are given on a 10 point
scale, where 6 (= 60%) is a pass and 10 is “excellent”. Students were recruited for this
experiment on the basis of their results for the examination and in the experiment 12
poor students (examination mark 2 G x < 4) and 11 successful students (x 5 8) were
involved. The students received a financial compensation for their participation in the
experiment.
Experimental

Tasks

All subjects received the same three tasks (A, B, and C) each consisting of a
series of four problem descriptions (Al-A4, Bl-B4, Cl-C4) from the subject of
Electromagnetism.
These problem descriptions were based on former examination
assignments.
In each of these tasks students were instructed to study a problem description during
a prescribed period of time, and then to reconstruct the problem without having access
to the text or figures studied. They were informed that they did not have to give literal
reconstructions. In the third series of four problems (task C) the students were asked
to give information concerning the solution after they had given a reconstruction.
The exposure time was extremely short and, depending on the length of the problem
description, varied between 15 and 40 s. There was ample time for reconstruction
(3-4 min).
Table 1 presents an example of a (verbal) problem description (actually problem
description Al). The exposure time for this description was 20 s.
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Table 1
Example of a Problem Description in Words
A toroid of ferromagnetic material has a centerline of radius R. The cross section of the material is circular
and has radius r. In the material an air gap of width d has been sawn. A coil of N turns which carries a
constant direct current, is wound around the toroid.
The magnetic field is H,,,, and the magnitude of the magnetic induction in the air gap measures B,.
How large is the current through the coil?

The tasks differed in the form of presentation and reconstruction. The presentation
of the first two descriptions in each series (Al, A2, Bl, B2, Cl, (32) was completely
verbal, the last two of the series A and B (A3, A4, B3, B4) were presented as figures
(Figure 1 gives an example of a figural problem; exposure time for this description was
15 s), and the last two of series C (C3, C4) as a combination of words and figure. The
reconstruction had to be given in words for all descriptions in task A, in task B each
reconstruction had to be in the form of a figure, whereas in task C the subjects were
free to choose either the verbal of the figural form, or a combination of both. Table
2 gives a schematic overview of these three experimental tasks.
After these three series we presented the subjects one problem description which
gave a situation that was nonsensical from the point of view of physics, but which was
nevertheless built up from terms belonging to the subject matter of Electromagnetism.
This description also had to be studied briefly and then reconstructed.
Finally, as an independent check on potential differences in “pure” recall capabilities
of both groups, each student received two series of 20 terms from the domain. The
subjects studied each series for 30 s and then had to reproduce them.

Where does-the electric
field reach its maximum
value, and how large is
this value?

Figure 1. Example of a problem description in figural form.
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Table 2
Composition of Experimental Tasks
Presentation
Task

Number

Words

Figure

A
B
C

4
4
4

Al, A2
Bl, B2
Cl, C2

A3, A4
B3, B4

Reconstruction
Words + figure

Words

Figure

Free choice

Al-A4
Bl-B4
c3, c4

Cl-C4

Procedure
The different experimental tasks had to be performed immediately after one another
in one session. At the beginning of the session subjects received general instructions
explaining the aim and organization of the experiment. They also received separate
instructions giving specific details for each particular task.
For each of the tasks we made a task booklet. Each problem description was given
on a separate page, followed by two empty pages. On a signal from the test leader
the students started to read a problem description. At his/her indication they stopped,
turned the page, and gave the reconstruction on the first empty page. The test leader told
them when the time for the reconstruction was over, after which the students turned the
page and came to the second empty page. Here they waited till the test leader indicated
that they could go on to the next problem description. With task C an extra empty page
was added, where students could enter information concerning the solution, after giving
the reconstruction and without consulting it.
After each task the students were asked a few written questions concerning their way
of dealing with the task.

Evaluation of the Reconstructions
To assess the students’ reconstructions we made separate assessment models for each
problem description that was offered to the students. Each assessment model contained
elements from the problem description sorted into the following categories:
(1) Components
Components are the “objects” occurring in the problem description, which can
be tangible objects (conductors, vessels, plates, cylinders etc.) and intangible
objects (currents, fields etc.), or properties of these objects such as “metal”,
“time dependency”,
“electric”, “magnetic” etc. If confusion with other objects
present in the description was unlikely, the object together with its properties were
counted as one component (“electric field”, “long conductor”).
(2) Relations
Relations concerned the spatial and temporal relations between objects from the
problem descriptions. If for instance, a cylinder with a layer of dielectric material
on the outside was mentioned in the problem description, then “cylinder”, “layer”,
and “dielectric material” would each belong to the “components” category and
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the fact that the dielectric material was on the outside would be categorized as a
“relation”.
(3) Specifications
Specifications are those elements of the description that give a specific value to other
elements. Among specifications fall specific names (“velocity, v”, “triangle, PQR”,
“magnetic field, I$,,,“) and exact numerical values (“angle of 45”“, “thickness plate
0.1 d” etc.).
(4) Conditions
Conditions are those elements of a problem description that enable or simplify
the solution of a problem (for students at this level). Among these we included
statements such as “within a system of Cartesian coordinates” and “the self-induction
is negligible”.
(5) Elaboration
Elaborations are those elements that are introduced to help the student, for example
by presenting a hint. An example of a hint is: “the electron undergoes an electric
force, which changes its velocity”. The latter information could have been added
by the student him/herself as well. We also categorized as elaboration information
already given, but repeated in a different way.
(6) Question
The question is the part of the problem description which specifies the quantity that
has to be calculated or the statement that has to be argued.
Each problem description ‘was divided into elements that could be classified in the
above categories. Components, relations, specifications, and a question were present in
all problem descriptions but elaboration and conditions were not always present. The
number of elements varied from problem to problem; there were longer and shorter
descriptions. The smallest number of elements was 16, the largest 32, and the average
number of elements for the 12 problem descriptions from the series A-C was 21.75.
As an illustration, Table 3 gives the assessment model for one problem description.
This is description Al, which has also been given as example above.
Using the assessment models all reconstructions were evaluated on the presence and
correctness of all elements of the corresponding problem description. This was done

Table 3
Example of Assessment Model for a Specific Description (Al)
Components

Relations

Specifications

Toroid
Ferromagnetic material
Air gap
Coil
Constant current
Magnetic field
Magnetic induction

coil around the toroid
current through coil
H,,, in the material
B, in gap

centerline R
cross section circle I
width of split d
N winds
%I
4

Conditions

Elaborations

Question

direct (current)

magnitude of current
through coil
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jointly by both experimenters. For each specific element from the problem description
offered one of the following ratings was assigned: not present, correct, incomplete, or
incorrect. When evaluating the judges did not know to which group (good or poor)
the students belonged. Ten (randomly chosen) reconstructions were independently
evaluated a second time by a third person, Of a total of 205 elements rated in these ten
reconstructions, 181 received the same rating in both evaluations. The correspondence
between these two evaluations was therefore 88% (Kappa, Cohen (1960), was .83).

Results
The first research question in this experiment was whether novice students possess
models of problem situations and if there are differences in this respect between good
and poor novices. Following existing research, presence of models of problem situations
is indicated by the subject being able to reconstruct the problem descriptions given,
and moreover by reconstructing the main elements from these descriptions better than
non essential elements. Also, if students possess models of problem situations they are
expected to reconstruct the “nonsense” problem description less well than the other
problem descriptions.
The “essential information” of a problem situation is given in the components and
relations. They define the physics of the situation. Specifications and elaborations on
the other hand can certainly not be expected to be part of a problem situation model.
Also conditions are not considered as part of the main elements as they will probably
be self-evident or have general validity (for students at this level).
The question has a special position. Each problem situation indicates the possibility
of several different questions. As a consequence the question may be more difficult to
reconstruct than elements such as components and relations.
For each category Figure 2 gives the average of percentages of elements that were
correctly present in the reconstructions (each element received a score 1 if complete and
correctly present in a reconstruction, and l/2 if correct but incomplete; in order to obtain
a percentage this score was divided by the total number of elements present in a category
of each problem description). The continuous lines represent these average percentages
for the problem descriptions from series A, B, and C for the groups of good and poor
students. The discontinuous lines depict the reconstruction of the nonsense problem.
We have to mention that one poor student did not give reconstructions with task A,
but started to solve the problems. In the following tasks he did give reconstructions. As
a result we excluded this student’s performance on task A from our analyses.
An analysis for the data from Figure 2 for the Tasks A-C showed that essential
elements (components and relations) were reconstructed better than non essential
elements (specifications, elaborations, and conditions) (F (1, 111) = 92.5, p = JO).
Also, in the nonsensical problem, the percentage of components and relations correctly
reconstructed was lower than in the meaningful problems (F (1, 88) = 285.3, p = JO).
Both findings indicate that students at this level have models of problem situations at
their disposal.
No overall difference in reconstruction score was found between good and poor
students for the tasks A-C (F (1, 111) = .09, p = .77). Also no interaction effect
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between student level and essential/non-essential
elements on reconstruction score was
found. Therefore, this analysis did not indicate differences in knowledge of problem
situations between good and poor students.
Another indication that students use situation models in giving reconstructions came
from the questionnaire. The students were asked whether they had at any time used their
imagination during the reconstructions, and had supplemented it “logically”. Seven out
of twelve poor students gave a positive answer and five said “a few times”. In the group
of good students seven out of eleven students said that they had logically supplemented
the reconstructions from their knowledge and four of them said they had done so a
few times.
Besides these similarities there were also differences between good and poor students.
When we look at the question we see that the good students reconstructed the question
better than the poor students. Averaged over the 12 problem descriptions, there was a
significant difference (t = 3.19, p < .Ol).
The second question of this study concerned the effect of change in modality on
reconstruction.
For this we compared the reconstructions
of problem descriptions
for which the presentation and the reconstruction were in the same or a different
modality.
An ANOVA with reconstruction score as dependent variable and with level of student
(good or poor) and change of modality (present or not present) as independent variables
was carried out. This was done for the two main types of elements “components” and
“relations” separately. This analysis could only be performed for the Tasks A and B
since only in these tasks presentations and reconstructions were in a “pure” modality.
(average) percentage
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Figure 2. Average percentage of elements reconstructed correctly for each category of elements.
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First, better reconstructions were given when the reconstruction took place in the same
modality as the presentation (Al and AZ, verbal presentation, verbal reconstruction and
B3 and B4, from figure to figure) than when the subject had to switch from a figural to
a verbal modality (A3 and A4) or vice versa (Bl and B2). (F (1, 176) = 83.3, p = .OO
for components: F (1, 176) = 21.3, p = .OOfor relations.) This is as expected, since a
change of modality simply means an extra task in which faults can be made.
Second, no main effect of level of students (good or poor) was found as we have
seen before. However, the interaction between level of students and change/no change
in modality proved to be significant for components (F (1, 176) = 4.21; p = .042) and
almost significant for relations (F (1, 176) = 3.00; p = .085). These interaction effects
are shown in Figure 3.
This interaction effect means that good students score better than poor students when
there is a change of modality from presentation to reconstruction and also that poor
students tend to outperform the good ones in reconstruction when they can stay within
one of the two modalities. In figure-to-figure reconstructions poor students performed
significantly better at reconstructing relations (F (1, 44) = 4.8, p = .034), which also
implies that poor students don’t have any problems with figural information as such but
that it is the change of modality which leads to problems.
The third research question pertained to the relation between knowledge of problem
situations and other types of knowledge (principles, procedures etc.) that concern the
solution of the problem more directly. In task C we asked the subjects to write down
information needed for the solution of the problem after each reconstruction. Students

(average) percentage
reconstructed

Figure 3. Interaction

correctly

-

components

_-----

relattons

same

change in

modality

modality

Cl

goal students

0

poor students

effects of modality change and student level on reconstruction
components and relations (for Tasks A and B).

score for
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were not able to see their reconstruction when writing down this information. The group
of (n = 11) good students gave a total of 60 items of information that was correctly related
to the problem reconstructed, and the group of poor students (n = 12) only 20 items. The
correlation between the given number of elements of applicable solving information (AI)
and the examination grade was r (x, AI) = .77 ( p < .Ol). Good students also mentioned
quite a few items that were not applicable to the problem situation and here they hardly
differ from poor students. The correlation between the examination mark (x) and the
number of elements of non applicable information (NAI) was, r (x, NAI) = .05.
Results of the “pure recall” test indicated that the good students were neither faster
readers nor did they have a higher recall capacity than the poor students. After the
nonsense problem, we presented the subjects twice with a series of twenty terms from
the subject matter of electromagnetism.
They were allowed to study each series for
30 s, after which they had to write down as many terms as they could remember.
From the first series of terms the poor students could remember an average of 9.25
terms correctly and the good students 7.91. With the second list the numbers were 6.25
and 5 64 respectively.

Summary and Discussion
In this study we tried to identify differences in knowledge that might explain differences
between students in performance
alt (problem solving) examinations. In this we
concentrated on one type of knowledge, namely knowledge of problem situations.
The first conclusion from our study is that both good and poor novice students
demonstrated that they possess models of problem situations in memory. After a
short exposure time, both groups reconstructed
the essential features of problem
descriptions better than nonessential features, and meaningful problem descriptions
were reconstructed
better than a nonsense problem. Moreover, both groups gave
reconstructions of problem descriptions at a level that is comparable to the expert
level reported in studies with a similar set-up (e.g. Chiesi et al., 1979; Egan & Schwartz,
1979; Mayer, 1982).
This conclusion is clearly not in line with general findings in literature which show
that novices don’t possess models of (problem) situations. One of the reasons for this
divergence can be our choice for the level of novices in this study. Our “novices” were
students who were familiar with the subject, had followed instruction, and had prepared
for doing an examination. This means that they differ from the type of subjects often
regarded as novices, people completely unfamiliar with a certain domain (see for example
the influential study by Egan & Schwartz, 1979). For us, the latter level of subjects is not
interesting since we are trying to identify knowledge factors that potentially influence the
examination performance of novice students. With this purpose it is relevant to list the
differences between good and poor performers as they emerged in this experiment.
First, it became clear that examination performance level of students is related to
reconstruction
scores if we take into account the modality in which the problem
descriptions were offered and in which the reconstructions had to be given. Good
problem solvers tend to score better than the poor ones if they have to change
modality. On the other hand poor performers tend to outperform the good ones if
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they can stay within the same modality and this is especially true for figural descriptions.
So, contrary to what was expected, poor performers don’t have problems with figural
information as such. A possible explanation for what we find here could be that
successful novices have models of situations that are not strongly based on the outer
appearance of the problem description but consist of what is sometimes called “physical
representations”
(Larkin, 1983) or “conceptual categories” (Egan & Schwartz, 1979).
Such a conceptual (or “deeper”) model consists of fundamental concepts in a domain.
In our domain of Electromagnetism a conceptual model would for example contain the
element “conductor”, whereas a “superficial” model would contain the element “metal
cylinder”. From these conceptual models good novices may create a reconstruction of
a problem description in whatever modality is needed. Poor novices would be limited to
“superficial” models, pay more attention to the literal aspects of the problem description,
and, as a consequence, be better at giving a reconstruction if they can stay within the
same modality. In literature “deep knowledge” is clearly associated with successful task
pe~orm~ce
(see for example Chi et al., 1981; Chi, Glaser, & Farr, 1988; Alexander
& Judy, 1988; Mayer, 1989; Snow, 1989). In these studies, however, successful task
performance is mainly regarded as “expert” task performance. Our study suggests that
good novice performers may have similar characteristics of expertise (see also Camacho
& Good, 1989). It is, we think, also impo~ant to note that, if our su~estion is valid,
subjects apparently can gain high reconstruction scores on the basis of superficial
models.
Two other differences that we found between good and poor problem solvers concern
the relation of si~ational knowledge to info~ation
in the student’s knowledge base that
is needed for solving problems.
First, good students reconstructed the question from the problem descriptions better
than poor students. An alternative explanation for this. result, namely that the good
students read faster than the poor students and therefore in the limited time of
study sooner come to the question (which usually forms the last part of the problem
description), can be refuted on the finding that poor and good students didn’t differ in
performance on the “pure recall” test. Also, in a questionnaire, both good and poor
students answered in about the same way on the question whether they had been able
to go through each problem description at least once.
A second difference was that the poor students were far less capable of giving
information concerning the solution of the reconstructed problem descriptions than
good students if they were asked to do so after giving reconstructions. This, of course,
could be explained partly by the fact that the good students were better at reconstructing
the question. Surprisingly, the good students also mention a great number of nonessential
and/or irrelevant information. Maybe, this phenomena is related to the finding that in
problem solving good performers make as many mistakes as poor performers but are
better able to correct their mistakes (de Jong & Ferguson-Hessler, 1984).
The better reconstruction of the question and the ability to generate a larger number
of solution related items, indicate that good novice problem solvers have their models
of problem situations better geared to solutions.
Taking into account the central role a complete and adequate initial representation
plays in the process of problem solving, and the importance of knowledge of problem
situations in creating this repre~ntation,
it follows that one of the most important tasks
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in instruction is teaching this type of knowledge (see e.g. Greeno, 1980). The results of
this study indicate that current’instructional
practice succeeds in teaching knowledge of
problem situations. However, we found suggestions that in weak students this knowledge
is bound to superficial and literal aspects of the situation, whereas the knowledge of
successful students is deeper, that is to say, contains more domain related conceptual
categories, and also is more strongly linked to declarative and procedural knowledge.
This would indicate that physics instruction needs to give more attention to the creation
of adequate initial representations built on fundamental concepts of the domain. Also the
creation of problem schemata, where knowledge of characteristics of problem situations
is linked to the knowledge required for the solution of the problem, is something that
deserves explicit attention in order to support students in the acquisition of a knowledge
base which is adequate for problem solving.
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