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Abstract

The CONTACT-2 strategy is characterised by CONTinuous, computer-assisted ACTivation
of the conceptions of individual learners while they are processing expository texts. A previous
study showed that the CONTACT-2 strategy was effective as an instructional strategy aimed
at supporting processes of prior-knowledge activation and conceptual change. The present
study was designed to explore the (quantitative and qualitative) differences in learning activi-
ties between students who were successful and less successful while working with the CON-
TACT-2 strategy. Subjects were 10 fifth- and sixth-graders (primary education). The way in
which the second CONTACT-2 step on “comparing and contrasting their preconceptions with
the new information” was being performed by the students appeared to be crucial for the
effectiveness of the CONTACT-2 strategy as a whole. Recommendations for future research
and educational practice are formulated.  2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

In the late 1960s, Ausubel (1968) stressed the relevance of prior knowledge for
learning: in his view, the most important single factor influencing learning is what
the learner already knows. Subsequently, many researchers have referred to the
determining influence of prior knowledge on students’ learning processes and learn-
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ing performance (e.g. Weinert, 1989; Dochy, 1992; Hegland & Andre, 1992; Duit,
1999). Prior knowledge can be described as all knowledge learners have when
entering a learning environment, and which is potentially relevant for constructing
new knowledge. With respect to the terminology used in this article, “prior knowl-
edge”, “preconceptions”, “alternative conceptions”, and “original ideas” should be
regarded as synonyms (see also Blosser, 1987). Conceptions reflect the way learners
look at certain phenomena (Johansson, Marton, & Svensson, 1985). Thus, precon-
ceptions can be defined as domain-specific conceptions constructed by students based
upon their concrete everyday experiences or interactions with particular natural
phenomena before formal instruction (see also Biemans, 1997).

Recent constructivist learning theories (e.g. Hegland & Andre, 1992; Duit, 1999)
consider the active use of prior knowledge to be a key strategy for constructing rich
and useful mental representations while studying new information. If the learner has
constructed representations of a certain domain based upon learning experiences in
the past, s/he can use this prior knowledge when s/he has to study related material:
prior knowledge can enable the learner to relate concepts, to think of examples, to
structure the learning material, etc. (Vermunt, 1992). Thus, prior-knowledge acti-
vation can support knowledge construction processes with deeper understanding as
a result.

In many learning situations, however, students’ preconceptions do not enter the
learning process automatically and/or students do not succeed in activating and using
their prior knowledge intentionally and actively (De Jong & Simons, 1990; Dochy,
1992). Consequently, they may learn new information as “isolated” bodies of knowl-
edge (Schmidt, 1982) and experience difficulties applying the new knowledge in
novel situations (Saxena, 1991). In other words, in many cases students appear to
need instructional support to activate their prior knowledge and to learn in a meaning-
ful way (see also Biemans, 1997).

Prior-knowledge activation can also promote (major) restructuring of already exist-
ing knowledge (conceptual change) to provide students with a more fruitful concep-
tual framework for particular contexts (Duit, 1999). Previous research (see Pfundt &
Duit, 1994) has shown that many learners do not hold correct preconceptions (i.e.
preconceptions being in accordance with generally accepted scientific views) before
formal instruction: often, their prior knowledge is not in accordance with generally
accepted scientific views, or only partially. As has been shown in many studies (e.g.
Eylon & Linn, 1988; Gunstone, 1988; Ali, 1990; Brown, 1992), incorrect or partially
incorrect prior knowledge is relatively stable and tends to resist change. Such incor-
rect and incomplete conceptions can block knowledge construction processes if they
are not diagnosed and corrected during learning. Therefore, the existence of students’
incorrect and incomplete preconceptions implies that learning does not only involve
acquiring or constructing new conceptions but also restructuring of existing concep-
tions, i.e. conceptual change (Prawat, 1989; Chinn & Brewer, 1993; Vosniadou,
1994). Although certain instructional strategies have been shown to contribute to
knowledge restructuring, Tergan and Oestermeier (1993, pp. 1–2) conclude: “There
is a need for research concerning the cognitive processes of knowledge restructuring
as well as the instructional conditions that may foster processes of conceptual
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change . . . There is also a need for the development of powerful learning environ-
ments . . . to promote processes of conceptual change” (see also Glaser, 1991; Biem-
ans, 1997).

To summarise the conclusions drawn above, the central question is how instruc-
tional systems can help students use their correct or partially correct prior knowledge
without creating interference and, simultaneously, deal with incorrect or partially
incorrect prior knowledge, which tends to resist change. Therefore, in this article,
the question is addressed as to how prior-knowledge activation and conceptual
change can be fostered or, in other words, how students’ processes of knowledge
construction and knowledge restructuring can be promoted. In this respect, it relates
to a major trend in science education: the idea that science teaching should focus
on concepts and conceptual change to enhance student understanding (Kelly, 1993).

The empirical study to be described in this article can be characterised as a study
attempting to promote prior-knowledge activation and conceptual change (Hashweh,
1988). In this study, the so-called CONTACT-2 strategy (for more details see Biem-
ans & Simons, 1996; Biemans, 1997) was subjected to closer inquiry. The CON-
TACT-2 strategy is based upon current conceptual-change approaches (e.g.
Nussbaum & Novick, 1982; Strike & Posner, 1985, 1992; Prawat, 1989; Ali, 1990;
for more details see Biemans & Simons, 1996, 1999; Biemans, 1997): this instruc-
tional strategy is typified by CONTinuous, computer-assisted ACTivation of the con-
ceptions of individual learners while they are processing expository texts (domain:
basic physical geography). The strategy is characterised by a process-oriented, heu-
ristic activation model consisting of five steps aimed at prior-knowledge activation
and conceptual change (for more details see Biemans & Simons, 1996; Biemans,
1997):

1. searching for one’s own preconceptions;
2. comparing and contrasting these preconceptions with the new information;
3. formulating new conceptions, based upon the previous step;
4. applying the new conceptions;
5. evaluating the new conceptions, based upon the previous step.

Computer-assisted instructional strategies aimed at conceptual change, such as the
CONTACT-2 strategy, can enable individual students to use their own conceptions
as the starting point for processes of knowledge construction and knowledge restruc-
turing, which can hardly be realised in concrete classroom situations. Moreover,
computer-assisted instructional strategies can activate the student to perform learning
activities aimed at conceptual change and provide support whenever the student
needs this.

A previous study (for more details see Biemans & Simons, 1996; Biemans, 1997)
showed that the CONTACT-2 strategy was effective as a process-oriented instruc-
tional strategy aimed at supporting processes of prior-knowledge activation and con-
ceptual change. This study, however, did not answer the question as to which cogni-
tive learning activities students (fifth- and sixth-graders, primary education) should
perform to work effectively with the CONTACT-2 strategy.
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Therefore, the present study was designed to explore the ways in which students
perform the various instructional steps while working with the CONTACT-2 strat-
egy. The central research question of this study was which (quantitative and
qualitative) differences in cognitive learning activities exist between students who
are successful in studying texts while being supported by the CONTACT-2 strategy
and students who are less successful in this respect. In this respect, two hypotheses
were formulated:

1. Successful students achieve better learning results with respect to the various
CONTACT-2 steps than less successful students (quantitative differences);

2. Successful students perform the various CONTACT-2 steps in a better way than
less successful students (qualitative differences).

2. Method

2.1. Participants

Participants were 10 fifth- and sixth-graders from a primary school (10 to 13 years
old). These students had been selected on the basis of their reading comprehension
level as judged by their teacher (high, average, or low) and their grade (5 or 6):
from both grades 5 and 6, five students participated in the study (two students of
high reading comprehension level, two students of low reading comprehension level,
and one student of average reading comprehension level). All students were assigned
to the same instructional condition: the CONTACT-2 condition.

2.2. The CONTACT-2 strategy

During the training lessons, students were supported by the various steps of the
CONTACT-2 strategy (for more details see Biemans & Simons, 1996; Biemans,
1997). These CONTACT-2 steps can also be depicted as a flowchart (see Fig. 1).

First, students have to search for their preconception by answering the particular
idea question. This step is aimed at making students aware of their own ideas with
respect to the topic(s) of the particular text. An idea question can be described as a
concrete problem that has to be solved by relating the central concepts of the corre-
sponding training text. Students have to choose from six answer alternatives corre-
sponding to different, frequently found conceptions of the relations between the cen-
tral concepts of the text. One of these answer alternatives corresponds to the generally
accepted scientific notion as explained in the text. Students also have to provide
written argumentation on their worksheet for the answer they choose. The answer
given by a particular student is regarded as his/her initial idea or preconception.

When students have answered the idea question, they have to study the (new)
information from the text. The training texts are all relatively short (7–8 text screens
plus 2–3 pictures; 400–550 words). The texts deal with basic physical geography,
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Fig. 1. The steps of the CONTACT-2 strategy.

treating concepts such as equator, earth rotation, rain, wind, atmospheric pressure,
etc. Crucial concepts and relations between concepts are accentuated in red to focus
the students’ attention on all important information from the text.

After studying the text, students have to compare and contrast their preconception
with the essential information from the text. They have to state whether their initial
idea is in accordance with the textual information or not. Additionally, students have
to write down similarities and/or differences. Relating preconceptions and new infor-
mation explicitly activates students to identify possible differences between both
types of notions, as a result of which they may conclude whether their preconceptions
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are incomplete and/or incorrect or not. Moreover, students are assumed to construct
a framework in which the new information can be integrated.

Next, students have to review their preconception and construct a new conception
(formulate a new idea), based upon their conclusions from the previous step: the
idea question is presented again. This implies that it is possible that their conception
has not changed. If students are convinced that their original idea is correct, they
are instructed to select the same answer alternative; if they think that their initial
idea is incorrect or incomplete, however, they are told to pick another, better alterna-
tive. Here, written argumentation is required again. With respect to this step, it is
crucial that students really accept the new conception and do not construct isolated
new knowledge.

During the fourth instructional step, students explore whether their new conception
is adequate or not. A main condition for accepting a new conception is that students
consider this conception to be plausible. The plausibility of a new conception is
supposed to increase if students discover that they can solve problems by applying
the new conception (which they could not solve with their original conception).
Therefore, students have to apply their new conception by answering a so-called
practice question (a concrete problem that is directly related to the particular idea
question): based upon their new idea, they have to choose from four answer alterna-
tives.

Students have to evaluate their new conception by comparing and contrasting their
new idea with their answer to the practice question from the previous step: they
have to state whether both answers are in accordance with one another or not. Again,
students have to write down possible similarities and/or differences. Based upon the
results of this evaluation process, they may conclude that their new conception is
more fruitful than their preconception and accept the new conception.

If they state that both answers are not in accordance with one another, students
have to study the most important part of the text again to discover the mistakes they
have made. After rereading the text, they have to construct a new conception
(formulate a new idea) and apply this conception again. The same procedure has to
be followed if the students’ new conception is not correct (yet). Therefore, their idea
is checked by the computer.

With respect to all CONTACT-2 steps, (optional) strategic information in “How”
and “Why” parts is included (see also Biemans, 1989; De Jong & Simons, 1990;
Biemans & Simons, 1992; De Jong, 1992). The “How” parts contain information
about how that particular step can be realised in terms of concrete learning activities
and, in the “Why” parts, the relevance of the particular step is explained. The CON-
TACT-2 steps are presented as visual metaphors (cartoons) as well.

While performing the steps “searching for one’s own preconceptions”, “for-
mulating new conceptions”, and “applying the new conceptions”, students can ask
for a corresponding picture: both textual and visual presentation modes are used to
optimise the students’ opportunities to activate their conceptions (“multiple bridg-
ing”; see also Spiro, Feltovich, Jacobson, & Coulson, 1991). With respect to the
steps “comparing and contrasting the preconceptions with the new information” and
“evaluating the new conceptions”, crucial concepts are accentuated in different col-
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ours to focus the students’ attention on the essential elements from their conceptions
and from the text.

The sequence of instructional steps as described above is performed twice during
each training session. If the students have a correct conception at the end of the first
sequence of steps, however, the second sequence is not presented. At the end of
each lesson, students have to state their final conception by answering the particular
idea question. Their answer is regarded as their final idea or conception.

2.3. Design and materials

After each of the four training lessons, the students made the corresponding com-
puter-based learning performance post-test. Each post-test consisted of nine questions
with four answer alternatives (for more details see Biemans, 1997). After the training,
the students were assigned to one of the following two groups, based upon their
total learning performance score (see also Table 1):

1. successful students;
2. less successful students.

As mentioned in the Introduction, dependent variables were concerned with the stu-
dents’ learning results with respect to the various CONTACT-2 steps and their ways
of performing these steps. During the training sessions, students had to read aloud
all textual material (training texts and strategic information). Moreover, they had to
verbalise all their thoughts, both while reading text and while performing the various
CONTACT-2 steps (see also De Jong, 1992; Ericsson & Simon, 1993). The students’
verbalisations were recorded on tape and analysed together with the students’
answers on their worksheets: if a student’s worksheet did not provide enough infor-
mation to score his/her learning result with respect to a particular CONTACT-2 step
or his/her way of performing this step, the corresponding fragment of the thinking-
aloud protocol was analysed.

For each CONTACT-2 step, two aspects of the students’ learning processes were
analysed following a coding scheme, which had been designed as part of the
present study:

1. the students’ learning results with respect to the various CONTACT-2 steps
(quantitative differences);

Table 1
Mean total score, standard deviation (SD), and number of students (N) assigned to the two groups (of
successful and less successful students) based on the four learning performance tests

Group Mean SD N

Successful students 32.67 3.01 6
Less successful students 20.25 3.86 4
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2. the students’ ways of performing the various steps (qualitative differences).

2.4. Scoring

2.4.1. The students’ learning results with respect to the various CONTACT-2
steps

First, for each CONTACT-2 step, the students’ learning results were analysed by
judging whether the students had performed the particular CONTACT-2 step with
a good learning result or not. The various CONTACT-2 steps were scored as follows:

1. searching for one’s own preconceptions:
if the student had selected the correct (i.e. scientifically accepted) conception, a
plus (+) was scored; in all other cases, a minus (�) was scored;

2. comparing and contrasting these preconceptions with the new information:
a plus (+) was scored in two cases—(a) the student had selected the correct
conception and s/he had stated that this conception was in accordance with the
text, and (b) the student had selected an incorrect conception and s/he had stated
that this conception was not in accordance with the text); in the other two cases,
a minus (�) was scored;

3. formulating new conceptions:
see step 1;

4. applying the new conceptions:
if the student had selected the correct answer to the practice question, a plus (+)
was scored; in all other cases, a minus (�) was scored;

5. evaluating the new conceptions:
a plus (+) was scored in two cases—(a) the student had stated that his/her new
conception was in accordance with his/her answer to the practice question and
both answers were indeed in accordance with one another, and (b) the student
had stated that his/her new conception was not in accordance with his/her answer
to the practice question and both answers were indeed not in accordance with
one another); in the other two cases, a minus (�) was scored.

2.4.2. The students’ ways of performing the various CONTACT-2 steps
Next, the ways in which the students had performed the various instructional steps

while working with the CONTACT-2 strategy were analysed. The quality of the
students’ way of performing a particular step was analysed by judging the quality
of the students’ elaboration on their worksheet and—if necessary—by judging the
corresponding fragment of their thinking-aloud protocol. For each CONTACT-2 step,
one of the following four qualifications was assigned: “C” (correct elaboration), “P”
(partially correct elaboration), “I” (incorrect elaboration), and “M” (missing
elaboration). The various CONTACT-2 steps were scored as follows:

1. searching for one’s own preconceptions:
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the quality of the student’s—written or spoken—argumentation while answering
the idea question was scored;

2. comparing and contrasting these preconceptions with the new information:
the quality of the student’s—written or spoken—elaboration (i.e. identified simi-
larities and/or differences) while comparing and contrasting his/her precon-
ception with the textual information was scored;

3. formulating new conceptions:
see step 1;

4. applying the new conceptions:
the quality of the student’s—spoken—argumentation while answering the prac-
tice question was scored;

5. evaluating the new conceptions:
the quality of the student’s—written or spoken—elaboration (i.e. identified simi-
larities and/or differences) while comparing and contrasting his/her new concep-
tion with his/her answer to the practice question was scored.

2.5. Procedure

The procedure of the present study is depicted in Fig. 2. During the first session,
individual students received a (non-computer-based) thinking-aloud training: students
had to perform two problem-solving tasks (one learning task including illustrations)
and were instructed to think aloud “on-line” (see also De Jong, 1992; Deel, 1995).
During this session, the experimenter provided procedural support with respect to
thinking aloud.

During the other sessions, the same training lessons were used as in previous
studies (Biemans & Simons, 1996; Biemans, 1997). In this case, however, the stu-
dents only studied the introduction lesson and the first four (instead of seven) training
lessons. Students had to read and think aloud while studying the training texts and
while performing the various steps of the instructional strategy.

3. Results

3.1. The students’ learning results with respect to the various CONTACT-2 steps

For each CONTACT-2 step, the learning results of both successful (N=6) and less
successful (N=4) students were analysed in terms of percentages of plus scores: for

Fig. 2. Procedure of the present study.
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each student, four worksheets and thinking-aloud protocols (corresponding to the
four training sessions) were analysed (see also Section 2.3).

The results of this analysis for each of the instructional steps can be summarised
as follows:

1. searching for one’s own preconceptions:
with respect to the quality of their preconceptions, the percentages of correct
conceptions for the successful students (12%) and the less successful students
(19%) were almost comparable;

2. comparing and contrasting these preconceptions with the new information:
in 58% of all cases, the successful students performed this instructional step with
a correct learning result; the percentage for the less successful students (12%),
however, was much lower;

3. formulating new conceptions:
with respect to the quality of their new conceptions, the percentage of correct
conceptions for the successful students (67%) was higher than the percentage of
correct conceptions for the less successful students (25%);

4. applying the new conceptions:
in 75% of all cases, the successful students answered the practice question cor-
rectly; the percentage for the less successful students, however, was only 37%;

5. evaluating the new conceptions:
in 67% of all cases, the successful students performed this instructional step with
a correct learning result; again, the percentage for the less successful students
(12%) was much lower.

3.2. The students’ ways of performing the various CONTACT-2 steps

Next, the quality of the students’ ways of performing the various CONTACT-2
steps was analysed, both for successful (N=6) and less successful students (N=4).
For each student, four worksheets and corresponding thinking-aloud protocols were
analysed by assigning one of the following four qualifications: “I” (incorrect
elaboration), “M” (missing elaboration), “P” (partially correct elaboration), and “C”
(correct elaboration) (see also Section 2.3).

The results of this analysis can be summarised as follows:

1. searching for one’s own preconceptions:
with respect to the first step, the quality of the elaborations of the successful
students was higher than the quality of the elaborations of the less successful
students: the successful students scored relatively less incorrect and missing elab-
orations and relatively more (partially) correct elaborations (see Fig. 3);

2. comparing and contrasting these preconceptions with the new information:
in this case, the quality of the elaborations of the successful students was much
higher than the quality of the elaborations of the less successful students: in 83%
of all cases, the successful students achieved a correct elaboration; the elabor-
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Fig. 3. Quality of the students’ elaborations with respect to the first step (percentages).

ations of the less successful students, however, were incorrect in 87% of all
cases (see Fig. 4);

3. formulating new conceptions:
the quality of the elaborations of the new conceptions was higher for the success-
ful students than for the less successful students: the successful students scored
relatively less incorrect elaborations and relatively more correct elaborations (see
Fig. 5);

4. applying the new conceptions:
with respect to the fourth instructional step, the resulting pattern was comparable
to the one found for the previous step: the successful students scored relatively
less incorrect, missing, or only partially correct elaborations and relatively more
correct elaborations (see Fig. 6);

5. evaluating the new conceptions:
in this case, the resulting pattern was almost identical to the one found for step
2: in 87% of all cases, the successful students achieved a correct elaboration;
the elaborations of the less successful students, however, were incorrect in 87%
of all cases (see Fig. 7).

4. Discussion and conclusions

As mentioned in Section 1, the present study was designed to explore the
(quantitative and qualitative) differences in cognitive learning activities between stu-
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Fig. 4. Quality of the students’ elaborations with respect to the second step (percentages).

Fig. 5. Quality of the students’ elaborations with respect to the third step (percentages).
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Fig. 6. Quality of the students’ elaborations with respect to the fourth step (percentages).

Fig. 7. Quality of the students’ elaborations with respect to the fifth step (percentages).
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dents who are successful in studying texts following the CONTACT-2 strategy and
students who are less successful in this respect. Therefore, the thinking-aloud method
was used to discover which cognitive learning activities are being performed by
students while they are working with the CONTACT-2 strategy (see also De Jong,
1992; Ericsson & Simon, 1993). Dependent variables concerned the students’ learn-
ing results with respect to the various CONTACT-2 steps and their ways of per-
forming these steps: successful students were hypothesised to achieve better learning
results with respect to the various CONTACT-2 steps than less successful students
and they were assumed to perform the various instructional steps in a better way
(see also Section 1).

These two hypotheses were confirmed by the empirical findings from this study:
both quantitative (hypothesis 1) and qualitative (hypothesis 2) differences were found
between successful and less successful students. From the second instructional step
on “comparing and contrasting the preconceptions with the new information”, suc-
cessful students achieved better learning results than less successful students. The
quality of the elaborations of the successful students turned out to be higher than
the quality of the elaborations of the less successful students even from the first
instructional step on “searching for one’s own preconceptions”. On the whole, one
could conclude that, during the training sessions, quantitative and qualitative differ-
ences in cognitive learning activities showed up when students were performing the
second CONTACT-2 step on “comparing and contrasting the preconceptions with
the new information” and that these differences continued to exist (at least) until
students were doing the corresponding learning performance post-test.

Based upon the results from the present study, the following two prototypes of a
successful student and a less successful student can be presented. While performing
the first CONTACT-2 step on “searching for one’s own preconceptions”, the proto-
typical successful student already tends to relate the idea question and the corre-
sponding answer alternatives to his/her prior knowledge. When s/he has selected a
particular answer alternative, s/he provides a reason for choosing this answer in 50%
of all cases. During the second instructional step on “comparing and contrasting the
preconceptions with the new information”, the quality of the student’s elaborations
is quite high: the prototypical successful student correctly identifies the existing simi-
larities and differences between his/her own preconception and the text. In fact, dur-
ing this step, the student already achieves conceptual change at a preliminary level.
While performing the third step on “formulating new conceptions”, conceptual
change is realised: the student formulates a scientifically accepted conception and
provides correct argumentation for it. The conception formulated at this stage is quite
stable: the student tends to stick to this conception (at least) until the end of the
session. This is illustrated by the student’s performance of the last two instructional
steps on “applying the new conceptions” and “evaluating the new conceptions”: the
student answers the practice question correctly (and provides argumentation
spontaneously) and s/he evaluates his/her new conception by correctly comparing
and contrasting this new conception with the answer to the practice question.

The learning process of a prototypical less successful student, on the other hand,
is different with respect to (the quality of) the cognitive learning activities being
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performed. While performing the first CONTACT-2 step, the prototypical less suc-
cessful student does not tend to relate the idea question and the corresponding answer
alternatives to his/her prior knowledge. When s/he has selected a particular answer
alternative, s/he also tends not to provide a reason for choosing this answer or only
when requested to do so. During the next step, when the student is comparing and
contrasting his/her preconception with the text, the quality of the student’s elabor-
ations is poor. Consequently, because there is no solid basis for conceptual change,
the student does not construct a scientifically accepted conception while performing
the third step on “formulating new conceptions”. If the student selects the correct
answer alternative, his/her choice is usually based upon guessing or discrimination
(as opposed to real conceptual change) as is shown by the quality of his/her argumen-
tation. This is also illustrated by the student’s performance of the last two instruc-
tional steps: the student answers the practice question incorrectly and evaluates
his/her new conception in a qualitatively poor way, comparable to his/her way of
performing the second instructional step. During most training sessions, the less suc-
cessful student only formulated a correct conception after the first sequence of
instructional steps: again, his/her final conception appeared to be mainly based upon
guessing or discrimination (as opposed to real conceptual change).

To summarise, on the basis of the present study one could conclude that, during
the training sessions, the quantitative and qualitative differences in cognitive learning
activities between successful and less successful students showed up when students
were performing the second CONTACT-2 step on “comparing and contrasting the
preconceptions with the new information”. These differences continued to exist (at
least) until students were doing the corresponding learning performance post-test.
Thus, the way in which the second CONTACT-2 step is being performed by the
students appears to be crucial for the effectiveness of the CONTACT-2 strategy as
a whole. In other words, there appears to be a strong relationship between the quality
of the students’ elaborations of the second instructional step, on the one hand, and
the quality of their final conceptions and their learning performance, on the other.

Apparently, students who are successful in studying texts while being supported
by the CONTACT-2 strategy have more skills in comparing and contrasting their
preconceptions with new information than students who are less successful in work-
ing with the instructional strategy. Successful students even tend to compare and
contrast their preconceptions with the new information while studying the text, i.e.
before arriving at the second instructional step. Consequently, they already tend to
have achieved conceptual change at a preliminary level before they are actually acti-
vated by the instructional strategy to check whether their preconceptions are in
accordance with the text or not. This phenomenon could be explained by the assump-
tion that successful students have more and better metacognitive knowledge and self-
regulation skills such as process monitoring, directing, and testing, as opposed to
less successful students (see also De Jong, 1992; Van Hout-Wolters, 1994).

Less successful students, on the other hand, do not tend to compare and contrast
their preconceptions with the new information before arriving at the second instruc-
tional step. When they are actually activated to perform this second CONTACT-2
step, these students appear to experience more (strategic) difficulties than successful
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students, as is shown by the poorer quality of their elaborations and by their verbal
and nonverbal expressions of frustration. Apparently, the strategic help being offered
in the “How” and “Why” parts is not sufficient or adequate for this category of
students: only in 12% of all cases did less successful students perform this instruc-
tional step with a correct learning result. Although these students seemed to under-
stand which elements they had to compare and contrast with one another, they
appeared to lack the strategic knowledge and skills to perform these learning activi-
ties in an adequate way.

Therefore, the conclusion seems to be justified that comparing and contrasting
skills have to be learned (especially by the less successful students). The CONTACT-
2 strategy, however, does not include explicit training procedures aimed at acquiring
these skills. Whereas comparing and contrasting skills appear to be crucial for the
effectiveness of the CONTACT-2 strategy as a whole, implementing strategic mod-
els, specific exercises, and instructional guidance aimed at fostering these skills could
be recommended, especially during the first training sessions. In this respect, it is
important that these instructional aids are not too context-bound, so that students
can apply comparing and contrasting skills in other learning contexts as well. On
the other hand, it should be noted that the CONTACT-2 strategy should not be
transformed into a specific training procedure only aimed at promoting comparing
and contrasting skills: the cognitive learning activities corresponding to the other
instructional steps remain essential for conceptual-change processes.

To conclude, instructional strategies aimed at prior-knowledge activation and con-
ceptual change should explicitly appeal to all cognitive learning activities included
in the activation model. In other words, instructional designers and teachers should
activate students through assignments, questions, and feedback to search for their
own preconceptions, to compare and contrast these preconceptions with new infor-
mation, to construct new conceptions, to apply these new conceptions, and to evalu-
ate these new conceptions (see also Biemans, 1997).
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