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Abstract 
In an experimental instructional design the effect of sensitizing with a pre-test consisting of two 
different question types was tested. The pre-test was embedded in an interactive digital system 
giving an orientation on science concepts in the joint area of physics, chemistry, biology, applied 
mathematics, and computer sciences. An extended Solomon Four Group design was used: sci-
ence concepts were made operational or not, a sensitizing pre-test was given or not, and the pre-
test consisted of short-answer questions or multiple-choice questions. The results showed high 
learning gains, especially after applying a pre-test in combination with making the science con-
cepts operational. The pre-test effect did not depend on the question type. Applying a pre-test 
without making the science concepts operational had no significant learning effect. 

1 Rationale 
A new pre-university curriculum has been implemented with a specific view on the learning proc-
ess in the Dutch secondary education at the end of the millennium. The teacher role in this new 
curriculum has more or less been changed from source of knowledge and certifying agent to that 
of a coach in a process of learning by personal discovery and exploration in a self-directed and 
often in a cooperative setting. However, because of this role change and, at the same time, a de-
crease in study load, also the availability of a subject teacher in chemistry, mathematics and 
physics for students has been decreased dramatically (Tweede_Fase_Adviespunt, 2005).  
Since this decrease in teacher availability is structural (Ritzen, 2006; Roes, 2001) it is desirable to 
do research on the increase of the effectiveness of efficient learning methods. The application of 
ICT in optimal settings is obvious and promising for beta-sciences in this respect (Osborne & 
Hennessy, 2003).  
In our former research on peer support in combination with discovery learning in a computer 
simulation based environment, a pre-test was used as an indication for entering behaviour (Bos, 
Terlouw, & Pilot, 2007a). In this particular experiment the electronic learning environment showed 
to give a significantly high learning gain, but noteworthy enough the effect of the pre-test was 
even higher. This result suggested that the pre-test effect could be used in a systematic way to 
increase effectively the output of an ICT based educational arrangement. According to our expla-
nation the sensitizing effect of a pre-test concerns the activation of prior knowledge that facilitates 
the next learning of new knowledge. Applying the insight that from an educational perspective 
pre-testing is not a problem but an opportunity lead to the question of what kind of question 
should be asked in a pre-test. In the research project mentioned above open questions were 
used. In a computerized environment the use of closed questions however are implemented 
much more easily, especially when immediate feedback has to be given. Pre-testing with closed 
questions in an ICT-environment could be a prospective and easy to be implemented extension 
to the repertory of methods that activate prior knowledge such as concept mapping, brainstorm-
ing, etc. The use of such an ICT-environment should be investigated in an ecological (classroom) 
situation and, if possible, for more than one subject. In the current research it was decided to in-
vestigate the effect in a digital introduction, including a sensitizing pre-test, to lessons in General 
Science, Chemistry and Computer Science at the beginning of the upper level secondary school, 
class 4 of a six year pre-university curriculum (in Dutch terms: 4VWO).  

2 Theoretical framework 
This article is about learning new science concepts and its concomitant accretion of the already 
existing conceptual network. It is important that prior to the actual acquisition, relevant schemes 
in long-term memory are activated in order to connect with new knowledge. 
In terms of ACT* theory this could be called a transfer of existing schemes from long term mem-
ory to the more easily accessible short term memory. In this way the adaptation of the existing 
network is more easy and effective (Anderson & Schunn, 2000).  
Actually, Anderson & Schunn (2000) describe the process of the activation of prior knowledge. It 
is difficult to overestimate the role of prior knowledge in learning. Dochy, Segers, & Buehl, (1999) 
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surveyed thoroughly the role of prior knowledge and the influence of the assessment method of 
prior knowledge: 
(a) There is a strong relation between prior knowledge and performance: 92% of the 183 reviewed 

studies report positive effects. Between 30 and 60% of the variance is explained by prior 
knowledge. Next to this, other variables are important such as learning strategy, meta-
cognitive knowledge, interest in the subject matter and beliefs. Other factors are availability, 
access to and structure of the knowledge. However, misconceptions and inaccuracies may be 
detrimental for future learning; 

(b) The method of assessment of prior knowledge strongly influences the outcomes of learning. 
Objective assessment methods are connected with positive outcomes. Not or less objective 
assessment methods such as familiarity ratings and self-estimations do not result in positive 
outcomes, but are useful to find explanations for effects of prior knowledge on performance. 

The general conclusion of their review is that prior knowledge is indeed an effective aid for learn-
ing new knowledge. It is suggested that students’ reflection on their prior knowledge by assess-
ment may have a facilitating effect on their learning. These conclusions give support for the idea 
of activation by assessment of prior knowledge as a didactical intervention at the beginning of a 
new cycle in the learning process.  
The effect of assessment is also known from test methodology as an unwanted side effect 
(Shadish, Cook, & Campbell, 2002). Two aspects are reported: 
(a) The testing-effect occurs when the pre-test is used as a post-test and hence is taken for the 

second time. It is considered as a threat to the internal validity of the experiment. 
(b) The interaction between the pre-test and the treatment (see also Lana, 1959, 1960, 1969).  
 
Lana and King (1960) analysed the nature of this pre-test sensitization and pointed at similar 
learning factors as Dochy et al. (1999). 
Wilson & Putnam (1982) selected from 32 studies in a meta-analysis concerning pre-test sensiti-
zation effects 132 results out of 164 in which randomized groups were used. A pre-test effect 
was found that cannot be safely ignored: an average effect size of + 0.22 (range between –0.55 
and +4.06) was found, with a strong influence of type of outcome, age, and time between pre- 
and post-test. The effect does not appear to be uniform across the psychological domains. 81 % 
of the cognitive effects were positive. In other domains (affective, attitude, personality) this frac-
tion was much smaller. Cognitive gains (average effect size = +0.43) are the largest with mem-
ory and practice effects when pre- and post-test are the same (see the abovementioned test ef-
fect). The studies reported were not considered exhaustive enough to provide definitive state-
ments about conditions for variation of pre-test sensitization. 
Next to assessment of prior knowledge, Strangman, Hall & Meyer (2004) concentrate on methods 
that activate prior knowledge or background knowledge and its impact on reading comprehension 
and/or recall of curriculum subject areas including science, social studies, and reading. Strang-
man et al. (2004) make a difference between building up new knowledge and activating existing 
knowledge. Since the former includes the latter both forms will be discussed here. In order to 
build up new knowledge, three educational strategies are distinguished: direct instruction, field 
experience in authentic situations, and text previewing. Direct instruction in order to build up rele-
vant background knowledge led to significantly greater performance on comprehension ques-
tions. An alternative for direct instruction is found in acquiring experience in authentic situations. 
Little evidence is found, though some indications of effects are found. We give some examples 
from the research literature:  
Roschelle (1995) states that the mere confrontation of learners with authentic objects and situa-
tions in such an institute as a museum does not build up knowledge by itself (Roschelle, 1995). 
The Jason-online project, also based on discovery learning, offers digital labs, video interviews of 
scientists and other multimedia resources. Chatting with scientists doing on-site Artic research 
makes it possible to ask questions and building up relevant knowledge in authentic situations 
(Jason-online project). Though learning gains have been reported (Goldenberg, Ba, Heinze, & 
Hess, 2003), from the evaluation of Hansteen-Izora, Tobin, & Yang (2006) follows that sheer in-
voking authentic situations is not a guarantee for building up proper  knowledge: video recordings 
and  websites facilitated the build up of knowledge more than interactive components. The use of 
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all sorts of previewing of a text to be learned appears to be effective for understanding and recall. 
Examples are stating the essence of a text, giving a summary, explaining the text structure, etc. A 
very explicit manual for reading biology texts is given by Super Read! (Super read! Strategies for 
effective reading in biology). 
Based on a considerable amount of research indicating that activation of prior knowledge im-
proves the learners’ comprehension and recall of text, Strangman et al. (2004) review six instruc-
tional approaches: 
(a) Reflection and recording is a simple straightforward but proven beneficial method of the activa-

tion of prior knowledge. Students are prompted students to state, write down or (concept-) 
map what they know about some topic. This approach can be applied also in reciprocal teach-
ing setting. 

(b) Interactive discussion is a more specific form of an instructional approach (a) in which the 
teacher can direct and all participants can stimulate the discussion. Brain storming and work-
ing together on a semantic map can be used as specific variants. The robustness of interactive 
approaches is not always very impressive, and consistently solid evidence to support the use 
of an interactive approach to prior knowledge activation is lacking. 

(c) Explanatory answering, especially construction of answers for questions about to-be-learned 
material has proven to facilitate learning of the material. Pre-testing can be considered as a 
form of this process (Pressley et al., 1992). 

(d) In the KWL-strategy the different activities can be summarized as: accessing what I Know, de-
termining what I Want to find out, recalling what I did Learn. 

(e) Computer-assisted activation of prior knowledge with comparing and contrasting new and ex-
isting knowledge as key component appear to be successful. 

(f) Interpretation of topic-related pictures can significantly improve reading comprehension for 
both pictures and text. 

 
Concept mapping is a special form: students are asked to make individually or in small groups 
with or without computer a graphical representation of a relevant knowledge network. The map 
can make the link up between new and existing knowledge. Concept mapping is reported to fos-
ter conceptual learning, critical thinking, analysis, synthesis, and the development of shared 
meaning (Daley, Cañas, & Stark-Schweitzer, 2007). Concept maps are used both as a teaching 
and assessment instrument (Kommers, 1997) and applied in a wide range of disciplines e.g. 
earth sciences (Rebich & Gautier, 2005), biology (Biology lessons). Next to the obvious benefits 
De Simone (2007) presents limitations: students may find it difficult, time consuming or non-
essential. In search of teaching strategies to promote meaningful learning instead of relying on 
traditional methods that promote rote memorisation (De Simone, 2007). Clayton (2006) surveyed 
research on application of concept mapping in the training of medical staff and concluded that 
concept mapping appeared to be promising, but in this particular field the evidence was not suffi-
cient enough for drawing generalizations, since “there is a lack of between-group studies and pre-
test to post-test research on knowledge acquisition. Sample sizes are small, there is a lack of in-
strument reliability and validity, and a lack of control for extraneous variables” (Clayton, 2006). 
Strangman et al. (2004) conclude in their review of research results, that the most effective and 
efficient ways of activation of prior knowledge is direct instruction, student reflection on back-
ground knowledge by making it explicit, and activation by asking questions. As has been stated 
already most research concerned comprehension and recall of texts in science and social stud-
ies. Promising and worth further study is a computer supported approach.  
We would like to endorse this view taking into account the problem of the reduced presence and 
availability of the teacher that impels the search for effective and efficient instructional means. 
Five out of six activation strategies presented by Strangman et al. (2004) require lots of teacher 
time. Taking also in account the findings of Dochy et al. (1999) activation of prior knowledge by 
pre-testing seems favourable, while deployment of ICT can minimize teacher overload. In an 
automated environment the use of closed questions is the most obvious especially when immedi-
ate feedback is to be given, but from the study of Strangman et al. (2004) it seems also plausible 
that the students’ making the prerequisite knowledge explicit may contribute to activation effec-
tiveness. A student makes knowledge explicit e.g. by formulating an answer to a question that is 
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intrinsic to open questioning. However, answers to open questions are hard to handle automati-
cally. 
This leads to the question whether effectiveness of pre-test sensitizing also depends on the type 
of question in the pre-test. Taking into account Dochy et al. (1999) and Strangman et al. (2004) 
we will focus on two specific types: closed multiple choice questions and (open) short-answer 
questions. 

3 Research questions. 
The general research question is, weather an interactive digital educational system with (a) a 
component ‘sensitizing’ by means of a pre-test and (b) a component ‘making concepts opera-
tional ‘ by means of interactive assignments and immediate feedback, leads to a better acquire-
ment of scientific (beta) concepts as measured by testing. Next, we wonder, what type of pre-test 
in this educational system is more effective: a pre-test with short-answer questions (SAQ), or one 
with multiple-choice questions (MCQ). In short the research questions are: 
1. Does an interactive digital educational system with a sensitizing pre-test component and a 

component for making concepts operational lead to a higher learning gain? 
2. Is there a difference in learning gain between a sensitizing pre-test that consist of short-

answer questions (SAQ) or of multiple-choice questions (MCQ)? 

4 Method. 
We successively will discuss the design, the participants, the instruments, the material, the pro-
cedure, the scoring, the statistical analysis and the gain estimation. 
  
Design. 
Two sets of two groups each are formed by a randomization procedure. The first set consists of a 
control and a test group that is each given a pre-test, the treatment, and the post-test. The sec-
ond set consists of a control and a test group that is each given the treatment, and the post-test, 
but no pre-test. This design has two advantages: (1) The pre-test given to the first set gives an 
indication of the degree of equivalence of the control and test groups after the randomisation, in 
addition to allowing measurement of the pre- to post-test gain. If there is a statistical significant 
difference between the average pre-test scores of the two pre-test groups the whole experiment 
may be flawed.  
(2) Because the first set of control and test groups is given a pre-test and the other set is not 
given a pre-test, this design makes the pre-test sensitization visible. The pre-test is different from 
the post-test in our research in order to avoid the testing effect; we aim at the pre-test interaction 
with the treatment. 
In our experiment two different kinds of pre-tests are used, so an extended Solomon Four Group 
Design (Campbell & Stanley, 1963) is used (see table 1). 
 
Participants. 
74 students (year 4 of a six year pre-university school, in Dutch 4VWO), average age 15.5 years, 
participated in the experiment immediately after summer holidays. 
In order to check the equivalence of the at random formed groups, average study results in the 
preceding year over all subjects were used. No significant differences were found between the six 
groups using a one-way ANOVA (F(5,68) = 1.65 p = 0.16). 
Because of the great experimental importance of groups 5 and 6, these groups were mixed and 
divided into two in a second two step-computerised randomisation: at random a student was cho-
sen from the combined group. Subsequently the nearest neighbour was sought on the base of 
the criteria gender and average school results. The first student was placed at random in one of 
the two groups, and the nearest neighbour in the other group. This procedure was repeated until 
all students were assigned to one of the two groups. 
One student forgot to make the post-test. His data were removed from the dataset. During the 
experiment the groups were separated from each other in order to avoid contacts. 
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Table 1: Extended Solomon Four Group Design 

Group 
With/without pre-test 
With/without treatment  
(R) = Randomisation 

Pre-test Treatment    
 

Post-test 
 

1 without pre-test 
without treatment     (R)     O2

2 pre-test  O1A
without treatment     (R)   O1A  O2

3 pre-test  O1B
without treatment     (R)   O1B  O2

4 without pre-test   
treatment only          (R)   X O2

5 with pre-test  O1A   
and treatment           (R)   O1A X O2

6 with pre-test O1B   
and treatment           (R)  O1B X O2

 
 
Instruments. 
Two pre-tests to be administered digitally were made with the commercially available authoring 
system Wintoets. The two pre-tests (O1A en O1B) consisted of 16 short-answer questions (SAQ) 
and 15 multiple-choice questions. Each subject matter element was present in both a SAQ and a 
MCQ. The effect of internal diffusion/transfer was taking into account: if some measure activate 
some subject matter knowledge, strongly associated knowledge is influenced too (Lawson & 
Chinnappan, 2000). This created the research-technical need to gauge effects at divergent sub-
ject matter in order to reduce the threat by diffusion/transfer. Since the Wintoets authoring system 
has extended digital presentation facilities and is able to record necessary research data, it was 
decided to make also the learning material (= treatment X) as well as the post-test (O2) on the 
same platform. An additional advantage was that the student was confronted with only one inter-
face. 
The post-test O2 was made up of 32 questions: 24 questions requiring an answer of one or a few 
words, six fill-in-the-blank questions and two questions requiring a numerical answer. 
 
By choosing a post-test with open questions we took into account that the gambling element con-
nected with multiple-choice questions causes higher error variances and lower precision 
(Zimmerman, 2003). Especially polytomous graded open questions appear to be more reliable 
than multiple-choice questions, but unequivocal a priori statements on validity differences are 
hard to give, since the domain and purpose of the testing have great influence (Kuhlemeier, 
Steentjes, & Kleintjes, 2003). On the one side, open questions are usually more difficult than mul-
tiple-choice questions: answering an open question requires construction of an answer, lacks the 
possibility of back reference via the choice items, and the chance on giving a correct answer by 
elimination of implausible answers is absent. On the other side, from the perspective of sensitiza-
tion open questions could be an advantage, because of the need to construct the answer. Finally, 
no immediate feedback was given at either test (O1A O1B O2). 
 
 
Intervention ("X") 
The educational target of the intervention was a first orientation on the subject matter of various 
curricular activities at the beginning of the 4th year of the secondary school:  
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a) Chemistry: atomic theory, molecular structure and a part of organic chemistry especially on 
behalf of biology. 

b) A lecture of a professor in theoretical physics on structure of matter combined with poster 
presentations by the students on the same subject matter (Bais, 2004). 

c) A multidisciplinary project on nanotechnology General science/Physics/Chemistry and Eng-
lish, "Oscillating cantilevers" (Ilic & Craighead, 2004) and German  "Nukleare Mikrobat-
terien" (Schroeder, 2004). 

d) Computer science: colour-coding systems. 
 
It was a challenge to link these very diverse subjects into one logical aggregate.  
Actually the material (“X”) comprised a number of small computer assignments in order to learn 
new science concepts. Several graphical representations were shown and assignments given in 
the computer program. The system responded immediately on answers for assignments with 
concise feedback.  
The orienting and sensitizing function of the treatment and the pre-test in the school curriculum 
are depicted in figure 1. 
 
 

Figure 1: Position of the experiment within the curriculum since the function of the treatment is to sensitize 
and orientate; the pre-test effect is a nested sensitization. 
 
 
More specific the elements of the treatment were: 

• Use/application of a science data book (BINAS, 2004). 
• Explication and operationalisation of knowledge of elementary particles and forces.  
• Use of powers of ten and logarithmic plots. 
• The most abundant elements in the human body (HOCN) and trace elements 
• Introduction of conventional colour schemes in molecular modelling. 
• Colour generation on computer screens. 

 
After an information screen explaining the purpose of the intervention to the students, it was 
stated in the next screen (paraphrasing a popular Dutch expression) “ that it is not possible to 
make an elephant from a mosquito”; however, at an atomic level the components appear to be 
quite the same. After explanation of the concept of order of magnitude students were asked to 
compare mosquito and elephant masses by means of a table with agreed prefixes of units with 
multiples in powers of 10 (BINAS, 2004, table 2). If desired, the use of the Graphical Calculator 
was explained.  
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Next to this it was asked explicitly to use the index to find information on structure of matter (BI-
NAS, 2004, table 26). Since the central figure in this table starts with a metal cube, the concept of 
molecule is not shown. The student is asked to state this missing concept (see Figure 2). 
 
 

Figure 2: An example of an assignment for activating a science concept. The assignment is: 
The cube shown is a piece of metal, which doesn’t’ t contain separate  [right answer = molecules]  
(Source:  BINAS, 2004, table 26). 
 
 
The next assignment was to give a translation of the Greek word ατομος using BINAS, 2004, ta-
ble 2 (the Greek alphabet). As extra information the 19th century origin of the specific use of the 
word was given. Via simple to be answered questions by using the appropriate BINAS-table 26 
the attention was focussed to “already known” concepts such as hadrons, leptons, exchange par-
ticles and elementary forces. An animation of a quark interaction with a gluon was also shown in 
the treatment of this table. As a form of verbalisation the students were asked to draw a sche-
matic map on a photocopy of this table. In line with the concept order of magnitude is the loga-
rithmic axis. After explanation of the principle of an axis like that, the student was asked to pick 
the log axis from three different axes shown (a linear, a logarithmic and a fantasy axis). The use 
of this type of display was demonstrated by showing the dimensions of a proton, atom, bacterium, 
mosquito and a human on one axis. In this way it was easy to get an idea of the usual structure 
size in nanotechnology. Via the theme oscillating cantilevers - devices that make it possible to 
gauge the masse of a few thousand atoms - the focus was set on extreme large numbers and 
small dimensions.  
Figure 3 shows the most important atom types (elements) in the human body as shown by table 
34 in BINAS (2004) (composition of earth, body etc.).  

 
Figure 3: Example of a fill-in question. Note that the ordinate of the histogram is logarithmic and the bars 
have CPK-colours. Sources: skeleton, courtesy of Ciba-Geigy; the Histogram is free after (BINAS, 2004).  
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In this histogram a logarithmic ordinate (y-axis) is used. The same data were also shown using a 
pie diagram. The students were asked to name the most frequent elements in the human body 
using the CPK-colours. Figure 3 shows how the element P in table 34 was put in the spotlight. 
This section was closed by an explanation of the concept of trace elements with a reading text on 
anaemia and iron and cobalt deficiencies (and of course with simple questions on the subject). 
Table 40 in BINAS (2004) (Elements) was used to convert atomic size data in Pico meters (pm) 
into screen representations of filled circles with radius in pixels. The use of the standard graphic 
editor was explained within this framework. It was also made clear how to use web safe CPK-
colours in molecular modelling, and the use of RGB-screen colour codes. 
Small pieces of information were given or pointed at in the treatment. Next, it was asked to apply 
the information, and based on the answer immediate feedback was given. Obvious bridges linked 
rather diverse subjects to each other, combining it to one continuous entity. The BINAS (2004) 
data book played a central role for realising a continuous entity. This book is an important source 
of information in secondary science education that can be used at all times, including at the offi-
cial exams. The subject matter was strongly connected to the subjects to be taught/learned in the 
weeks after the treatment. 
The treatment comprised 12 information screens, 13 open questions, 4 fill-in-the-blank questions, 
6 multiple-choice questions and 2 true/false questions. 
Appendix 1 gives an impression of the science concepts that were dealt with in the tests and the 
assignments in the interactive digital system. 
 
General procedure 
The students were informed, that they were to participate in an educational experiment. The sub-
ject matter was connected to the lessons in General Science, Chemistry and Computer Science 
that would be delivered in the next weeks. The participation would have no negative conse-
quences or whatsoever (on the contrary). Taking the pre-test (O1A / O1B) took 10 minutes, com-
pleting the assignments (“X”) 40 minutes. The post-test (O2) took 10 minutes. There were no 
breaks between the parts. 
 
Scoring procedure. 
The computer scored the multiple-choice questions. All answers to open questions were stored in 
the format (question-ID, student-ID, answer) in a relational database. Using a strict answer proto-
col the open answers were scored by two independent correctors. In only 1 % of the cases a dis-
crepancy between the two correctors was found. In this case the average score of the two judges 
was taken. 
 
Statistical Analysis. 
An analysis of variance and a multiple comparison according to Bonferroni (significance level 5%) 
had been executed with SPSS. A two-way ANOVA analysis was performed with the VISTA 6 sta-
tistical package. A test-item analysis was done with the TIAPLUS program version 2.1. Cron-
bach's alphas were calculated for all tests (O1A, O1B, and O2).  The alphas for the pre-tests 
were separately calculated for the multiple-choice parts and the short-answer parts. 
 
Calculating learning gain. 
It is not possible to calculate learning gains if post-test results only are taken into account, since 
pre-treatment levels have to be known also. Two problems have to be dealt with: the sensitizing 
pre-test, and the correction for individual or group pre-treatment levels. The Solomon Four Group 
Design is a solution for the first problem as has been explained above. A pre-test corrected learn-
ing gain calculation has been devised for solving the second problem. 
In several test-retest experiments concerning the school subjects French, Computer Science, and 
Chemistry a strong empirical relationship between pre and post-test was found. This relation can 
be used in order to eliminate the variable ‘pre-test’ and to calculate learning gain (Bos, Terlouw, & 
Pilot, 2007b). An explanation: 
If pre-test scores are divided by the maximum pre-test score, and this variable is called x, (x  = 
pre-test score/maximum pre-test score   0 ≤ x ≤ 1) and the same is done with the post-test scores 
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and the maximum post-test score, and this variable is called y, the growth factor f  = y/x can be 
described with the power function f = x –B. The exponent B is a robust measure of the learning 
gain in pre-test-treatment-post-test designs (‘OXO’-designs). Normally the post-test score is lar-
ger than the pre-test score (otherwise nothing seems to be learned); therefore the exponent B is 
between 0 and 1. Statements of statistical significance of differences between learning gains can 
be supported using estimations of the error in the parameter B. A nominal categorization of the 
knowledge growth exponent B is depicted in table 2 which is based on a calibration with data 
from a review of Hake (1998). 
 
Table 2: Nominal scale for the knowledge growth exponent B 

Exponent Gain characterization  
B ≤0.40 Low 

0.40 < B < 0.60 Average 
B ≥ 0.60 High 

 
A special problem gives the gain calculation with group 4. Formally gain calculation is impossible 
since the group does not make a pre-test, but on the base of the equivalence of the six groups an 
estimation of the group gain B may be calculated from  
                                  B = - log( <y> / <x> ) / log( <x> )  
The angle brackets <...> signify group averages and scores are normalized so that   0 < <y> < 1 
and 0 < <x> < 1. This method using group averages (1) may yield lower B values than when indi-
vidual student scores are used, and (2) there is no information on the B parameter error. 
As an extra control also the classical effect size categories according to Cohen (1988) is re-
ported. Cohen (1988) suggested that as a very rough rule of thumb d = 0.2, 0.5, and 0.8 imply re-
spectively “small,” “medium,” and “large” effects. Effect sizes of more than 3 standard deviations 
calculated with Cohen’s method are considered as extreme. At this point it should be stressed 
again, that effect size is not the same as learning gain. 
 
Test analysis. 
A correction for guessing of -1/(k-1) was applied to the pre-test scores of multiple-choice ques-
tions, with k=4 for four choice questions and k=2 for true/false questions. Averages and standard 
deviations after correction for guessing are given in table 3. 
 
 
Table 3:  Pre-test O1A and O1B scores after correction for guessing  (maximum = 100) 

    After correction for guessing  Students 
Group  Pre-test Average  Std.dev. N 

2 O1A 16.9 12.1 8 
3 O1B 15.8 10 8 
5 O1A 21.8 7.31 13 
6 O1B 16.7 10.7 14 

All   18.1 9.9 43 
 
 
ANOVA of pre-test results did not show a statistical significant difference between the four groups 
before correction for guessing F(3,39) = 0.580  (p=0.63) nor after correction for guessing F(3,39) 
= 0.883  (p=0.46). The groups can be considered equivalent before the intervention. The values 
of the pre-test corrected for guessing were used for the gain calculation. 
Very low Cronbach alpha coefficients were calculated for the pre-tests. In a computer simulation 
the alphas did not differ significantly from zero. Cronbach’s alpha did differ significantly from zero 
for the parts with short-answer questions (in table 4 indicated with an *). In table 4 Cronbach’s al-
pha is also given for the post-test that completely consisted of short-answer questions. 
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Table 4:  Cronbachs coefficient alpha and significance (P). 
 α Number of students Number of questions p 

O1A   SAQ + MC (total) 0.11 21 31 0.42 
O1A   SAQ-part 0.49* 21 16 0.023 
O1A   MC-part -0.41 21 15 0.88 
O1B    SAQ + MC (total)  0.23 22 31 0.25 
O1B    SAQ-part  0.48* 22 16 0.025 
O1B    MC-part -0.16 22 15 0.74 
O2     SAQ 0.93* 74 32 0.000 
 
In table 5 some results of the test item analysis by the TIAPLUS program of CITO (Central Dutch 
Test Institute) of the post-test O2 are given. Except for question 17 all p-values (average percent-
age score per question) were between 10 and 90. No question had a negative item-rest correla-
tion. No question would have a significant effect on Cronbach’s alpha. Consequently all questions 
were used in the calculations.  
 
 
Table 5: Global parameters of the test-item analysis of post-test O2 
Number of test persons  74 Number of questions  32 
Average p-value  41.3 Std. error 4.3 
Coefficient Alpha 0.93 Std error Coeff. Alpha 0.01 
90% - interval Alpha 0.91-0.95   
Average item/rest correlation 0.59   
 
 
Calibration of the tests.  
Since the low Cronbach alphas of the pre-tests O1A and O1B could evoke some doubt about the 
internal consistency, it seemed necessary to calibrate the tests in a separate experiment. Each of 
the 32 post-test questions is connected to a different but strongly related question in the pre-
tests. All questions from O1A ,O1B and O2 were gathered in one file, but clustered in the 32 pieces 
of subject matter. To 70 randomly chosen students from upper level secondary education (com-
parable to the 74 students in the study) 32 questions were offered, while the question was at ran-
dom chosen from O1A or O1B or O2. Each student was offered a 32-item test on 32 elements of 
subject matter, but each test was in fact different because of the random choice. The scoring pro-
cedure was equal to the one in the main experiment, using the same correction for guessing. 
Subsequently averages scores were calculated per student, but grouped by question source (O1A 
,O1B , O2). Tests on the same subject matter are equivalent when (ceteris paribus): 

(a) There is no difference between mean scores. 
(b) A high linear correlation between the outcomes exists. 

The results are given in table 6. 
 
Table 6: Average scores and standard deviations grouped for questions from O1A, O1B en O2 and total test 
scores. Scores are given on a 0-100 scale. (N = 70). 
 Source Average  StDev 
 O1A 52.7 32.0 
 O1B 48.0 33.7 
 O2 50.9 31.0 
 Total 50.5 31.9 
 
An analysis of the average scores revealed that 
(a) No statistical difference existed between the averages using an ANOVA analysis F(3,276) 

=0.263 (p= 0.852), and  
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(b) The intra class correlation coefficient of the results per student grouped by test source was 
ICC (3,1) = 0.875  (model: two way mixed, single measure). 

Because there are no differences in average scores and there is a high correlation between the 
three tests, it can be concluded that the tests O1A, O1B en O2 are equivalent.  

5 Results  
Research question 1: Does an interactive digital educational system with a sensitizing pre-
test component and a component for making concepts operational lead to a higher learn-
ing gain? 
The average post-test scores for students in the six groups are shown in table 7. 
 
 
Table 7: Post-test O2  Results   (maximum = 100) 
Group Design Average Std. Dev. N 

1 O2 10.9 6.1 17 

2 O1A  O2 20.8 5.8 8 

3 O1B  O2 22.2 9.9 8 

4 X O2 51.8 15.8 15 

5 O1A X  O2 66.8 14.1 12 

6 O1B X  O2 67.6 9.2 14 

 Total 41.3 26.0 74 
 
 
An analysis of variance with ANOVA of the post-test O2 results gave a significant difference be-
tween the 6 groups: F(5,68) = 67.47  p= 5.24 *10-25 .  
 
A Bonferroni multiple comparison between the groups is depicted in table 8: 
 
 
Table 8: Significance (p) of post-test score differences based on Bonferroni multiple comparisons between 
groups. 

Group Design 1 2 3 4 5 6 
1 O2  0.63 0.31 0.000 0.000 0.000 
2 O1A  O2 0.63  1 0.000 0.000 0.000 
3 O1B  O2 0.31 1  0.000 0.000 0.000 
4 X O2 0.000 0.000 0.000  0.012 0.004 
5 O1A X  O2 0.000 0.000 0.000 0.012  1 
6 O1B X  O2 0.000 0.000 0.000 0.004 1  

 
 
Our conclusions: 
Groups 2 and 3 score higher than group 1, but this difference is not significant. 
Groups 5 and 6 score significantly higher than group 2 and 3. The treatment ‘making concepts 
operational’, including feedback (= “X”) gives a considerable effect. 
Groups 5 and 6 score significantly higher than group 4. The combination of the treatment “X” and 
a pre-test gives a strong effect. 
Group 3 score higher than group 2, but this difference is not significant. This indicates equiva-
lence of group as measured with the pre-tests O1A and O1B. 
The difference between group 5 and 6 is not significant. The influence of O1A and O1B is equal. 
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Group 4 scores significantly higher than group 1: the treatment “X” has influence 
 
The learning gain exponent B was calculated from the pre-test and post-test values. Between 
groups 2 and 3 there was no significant difference (p=0.22). For the joint groups 2&3 the expo-
nent B = 0.10 ± 0.071.  
Between groups 5 and 6 there was no significant difference (p=0.11). For the joint groups 5&6 
the exponent B = 0.79 ± 0.021. 
Using the average pre-test results of groups 2,3,5 and 6 for group 4 an exponent B = 0.62 was 
calculated. The effect size calculated according to (Cohen, 1988) of the combined groups 5 and 6 
compared to the combined groups 2 and 3 was 3.5. 
 
Research question 2: Is there a difference in learning gain between a sensitizing pre-test 
that consist of short-answer questions (SAQ) or of multiple-choice questions (MCQ)? 
The average post-test scores of the ‘sensitizing pre-test + treatment’ groups 5 and 6, grouped to 
pre-test question type, are depicted in table 9. 
 
 
Table 9: Post-test scores of the ‘sensitizing pre-test + treatment’ groups 5 and 6 grouped to pre-test ques-
tion type. 

Question type in pre-test Average Std. Dev. N 
 Short-answer question 69.6 45.5 340 
 Multiple-choice question 71.7 43.8 338 
 Total 70.6 44.7 678 
 
 
An ANOVA analysis revealed no significant differences (p=. 52) 

6 Conclusions 
Research question 1: Does an interactive digital educational system with a sensitizing pre-
test component and a component for making concepts operational lead to a higher learn-
ing gain? 
As indicated above the interactive digital learning system consisted of two parts: 

(a) A component ‘sensitizing pre-test’.  
(b) A component  ‘making operational’ of science concepts to-be-learned by means of assign-

ments and appropriate feedback. 
Applying this two-component system led to significant higher post-test scores in comparison to 
the groups in which none or only one of the components was applied. The calculated joint learn-
ing gain B = 0.79 can be called very high applying the nominal scale of table 2. This learning gain 
is also significantly higher than applying the system without pre-testing. Applying only the compo-
nent ‘making operational’ also led to significantly higher post-test scores in comparison to the 
groups with only a ‘sensitizing pre-test’ component or no components at all. The learning gain 
was also relatively high (B =0.62) taking into account table 2. Applying only the component ‘sen-
sitizing pre-test’, without any follow up by assignments or feedback in the component ‘making op-
erational’ did not have a significant effect. 
  
Research question 2: Is there a difference between sensitizing with short-answer ques-
tions (SAQ) or with multiple-choice questions MCQ? 
There is no difference between learning results of a pre-test with short-answer questions of with 
multiple-choice questions.  

7 Discussion 
Students achieve the highest learning gain (B is about .80) in learning science concepts when a 
sensitizing pre-test is directly followed by a focused multimedial, interactive system with assign-
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ments and direct feedback. A high learning gain is also already achieved without pre-testing (B is 
about .60). Therefore, from a didactic perspective it has sense to connect pre-testing directly with 
a teaching strategy that consists of a good explanation, followed by questions and immediate 
feedback in order to enhance learning. Only applying the pre-test will not result in learning. 
Following the review of Strangman et al. (2004; see the theoretical framework) the good results 
found can be explained from a combination of teaching strategies that are considered as effec-
tive: activating prerequisite knowledge by asking questions before (pre-test), and by building up 
prerequisite knowledge using direct instruction, asking questions and giving feedback.  
The type of pre-test-questions – multiple-choice or short-answer questions – does not look to 
matter according to our research. Moreover, no significant pre-test-effect was also found with 
two-choice questions in an adjoining experiment, and it is not to be expected that such an effect 
will be found in a large-scale experiment. However, because the short-answer questions are not 
so much different from the multiple-choice questions used in this research, it is possible that real 
open questions will make a difference. From the perspective of educational efficiency there is a 
problem here: The available off-the-shell-software for the automatic scoring of open questions is 
still time consuming for teachers, because a lot of control-afterwards of the scoring is necessary. 
Therefore, taking into account the effectiveness of the instructional strategy applied in our re-
search and the need for educational efficiency, it looks obvious to apply a digital, interactive sys-
tem with multiple-choice pre-test questions. The last also offers the opportunity  - we did not do 
that in our research for experimental reasons – to give immediate feedback on the answers 
given. We expect that the application of a combination of pre-test and immediate feedback will 
lead to significantly higher learner gains than the application of a pre-test alone.  
We like to give two helps for the instructional practice: 
The first help for the instructional practice is the idea that the design of the experiment could 
serve as an instructional design for an introductory (science) module. The instructional design 
consists of a digital learning environment in which a multiple-choice pre-test with immediate feed-
back is embedded, directly followed by a number of screens with digitally controlled assignments 
with also immediate feedback. Students can work with such an introductory module before the 
new course(s) in their own chosen time, pace, and place. Process results of students from this in-
troductory module could be interesting for the teacher at the beginning of the new course to take 
into account for the teaching. Such an approach is not new: The CAI-package SCOOR (Paulides 
& Pilot, 1996) – a program meant for detecting and removing deficiencies in the knowledge-base 
of starting students of Professional Higher Education – is a comparable approach. However, the 
pre-test in the CAI-package SCOOR has particularly an allocating function –students are allo-
cated to one or more specific modules dependent on the pre-test-score – and not a sensitizing 
function, but the pre-test could work in this way. A high learning gain (B = .73) could be calcu-
lated from (still) available pre-test / post-test data of a group of students that followed the SCOOR 
chemistry module. For the non-SCOOR group B = .12 (SCOOR, 1986). We expect even a higher 
learning gain now, taking into account the increase of multimedia opportunities and asynchronous 
access of the present digital systems. 
As a second help for the instructional practice we like to pose a discussion point: Pre-test-
sensitization – may be in combination with other forms for activation and building up prerequisite 
knowledge (see theoretical framework) – could be helpful for concept development in the context-
concept approach in innovative science education in secondary education (Bulte et al., 2005). 
The smooth execution of tasks within the context chosen implies that relevant conceptual net-
works are available and transfer of these networks are possible which appear to be a problem 
(Pilot & Bulte, 2006). Also Strangman et al. (2004) indicate that the mere use of authentic situa-
tions does not automatically lead to the development of prerequisite knowledge. Pre-test sensiti-
zation could facilitate availability and transfer of existing conceptual networks. Probably, a strat-
egy for activating and building up prerequisite knowledge should be also followed in order to 
stimulate learning in authentic situations. The results found in this experiment can, may be, play a 
role in this instructional design. 
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8 Appendix 1. 
 
Schematic overview of subject matter in the treatment. 
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