Chapter 7
Learning Mathematics Through
Inquiry: A Large-Scale Evaluation

Ton de Jong, Petra Hendrikse, and Hans van der Meij

Introduction

It is currently widely accepted that learning for understanding can only take place
when learners adopt an approach in which they process learning material in an
active way and engage in “deeper” processes such as asking questions, searching
for structures and creating abstractions (e.g., Jonassen, 1991; Mayer, 2002; Novak,
1998; von Glaserfeld, 1987). In their seminal book How People Learn, Bransford,
Brown, and Cocking (1999) showed that active learning positively affects the con-
struction of understanding and contributes to the development of transferable
knowledge. Grabinger (1996) further emphasized that this way of learning and
knowledge creation also stimulates learners to connect new information to their
existing, personal knowledgebase and that learners need to have new information
situated in real or realistic contexts to foster transfer. This view is contrasted with
former approaches in which conveying information to learners was seen as the main
form of instruction and in which context-free knowledge was seen as the goal to be
reached. In an overview of differences between deep and surface approaches to
learning in science, Chin and Brown empirically distinguish a number of key learn-
ing processes including searching for causally coherent explanations and question
asking that characterize good students (Chin & Brown, 2000). The importance of
active learning has also been recognized in much earlier work. Dewey (1916), for
example, already stressed the importance of “doing” science, mathematics, and
history to gain understanding of these domains. “Doing” means that learners
abstract, discover, and prove. In Bruner’s work as well, learning is seen as an active
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process in which learners develop new ideas based on prior knowledge (Bruner,
1973; Bruner, Goodnow, & Austin, 1956). Bruner’s work partly had its origin in
mathematics learning, which is the topic of this chapter

In this chapter, we specifically examine such approaches to learning mathemat-
ics. We have seen a shift from a more procedure-oriented view of teaching mathe-
matics to one of helping learners to think mathematically in order to engage in
meaningful activities and to understand relationships between mathematical con-
cepts (Bransford et al., 1999; Schoenfeld, 2006). This shift is seen in a change of
emphasis from traditional algorithmic problems to insight problems. According to
Van Streun (1989), mathematics teachers make a distinction between “routine”
problems and “thinking” problems. Routine problems can be solved with the use of
algorithms and without much dependency on insight or understanding (see
Schoenfeld, 1985; van Streun, 1989). As long as the learner can classify the prob-
lem in the correct class, problem solving will take place almost automatically.
However, when problems become more complex or when classes of problems are
not self-evident, then an algorithmic approach loses its effectiveness. In teaching, a
decision should thus be made to either instruct and practice algorithms with satis-
factory performance on routine problems, or to adopt a more time consuming,
insightful approach to support the construction of more flexible knowledge that can
be applied to thinking or transfer problems (Gravemeijer et al., 1993). Cobb and
McClain (2006) make a similar distinction by pointing out that statistics education
traditionally aims at teaching routines whereas a more conceptual stance that focus
on “big ideas” is also needed.

Contemporary approaches in mathematics seek to design conditions that
stimulate and support learners to engage in active learning processes that yield
conceptual knowledge. One of these is the Realistic Mathematics Education
(RME) movement based on the work of Freudenthal (1991). Another approach is
inquiry learning in which learners actively investigate mathematical relationships
(Pea, 1987). An example of a highly successful implementation of inquiry learn-
ing in the field of mathematics is the Jasper series (Cognition and Technology
Group at Vanderbilt, 1992, 1997). More recent approaches often use ICT (infor-
mation, communication, and technology) to facilitate more conceptual learning
(Bottino, Artigue, & Noss, 2009; Noss & Hoyles, 2006). These approaches capi-
talize on the interactive and dynamic capacities of ICT (Atkinson, 2005). Among
these, the use of microworlds or simulations (often in the form of applets as in
the ESCOT project (Underwood et al., 2005)) has been influential (Kuhn, Hoppe,
Lingnau, & Wichmann, 2006). Applets have been developed that support an
inquiry approach in science learning (de Jong, 2006a) and there have been some
uses of applets in conjunction with computer-supported collaborative learning
(Staples, 2007). An example of a computer-based inquiry learning environment
for mathematics is SimCalc (Roschelle & Kaput, 1996; Roschelle & Knudsen,
this volume). In SimCalc, students can manipulate formulae and observe the
consequences of their changes in a number of ways such as animations, tables,
and graphs. Another research project that has explored inquiry approaches for
using technology to enhance the learning of mathematics is Cabri Géometre
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(Balacheff & Sutherland, 1994; Falcade, Laborde, & Mariotti, 2007; Laborde,
2002), which is a microworld that allows learners to directly manipulate geo-
metrical objects and to observe the effects of their manipulations (Falcade et al.,
2007). Yet another example of an inquiry environment in mathematics is PIE
(Probability Inquiry Environment) (Vahey, Enyedy, & Gifford, 2000) that focuses
on probability theory. Students can manipulate simulations and view their effects
in dynamic representations.

We observe, however, that whereas an increasing number of studies have been
documenting the effectiveness of technology-enabled inquiry approaches for sci-
ence learning (Linn, Lee, Tinker, Husic, & Chiu, 2006) research on the effective-
ness of (technology-enabled) inquiry for mathematics education are still scarce and
often anecdotal. Research on mathematics learning has tended to focus on charting
inquiry processes (Linn et al., 2006) although the recent study by Rasmussen and
Kwon (2007) found that learners who followed an inquiry approach based on RME
scored higher on items assessing mathematical “thinking” or conceptual knowledge
than a traditional control group and performed equally on the measures of “routine”
mathematical knowledge. A study of learning mathematical ideas with a technology-
enabled inquiry approach has been recently completed by Eysink et al. (2009). This
research compared the effects of different technological learning environments for
learning about probability and found that inquiry learning was the most successful
in developing deeper conceptual knowledge.

A general finding in the inquiry literature is that learners need support and that
an appropriate balance between guidance and freedom needs to be found (de Jong,
2006b). As Freudenthal has stated: “Guiding means striking a delicate balance
between the force of teaching and the freedom of learning” (Freudenthal, 1991, p. 55).
Many of the aforementioned learning environments (e.g., many applets, Cabri
Géometre) concentrate on providing students with the opportunity to simulate and
manipulate objects or phenomena. Not all of these environments, however, offer
the necessary instructional support for these activities. An exception can be found
in recent developments in SimCalc Mathworld (Roschelle & Knudsen, this vol-
ume). As a response to this issue, in the current study we have developed, over a
number of iterations, a set of software-based learning environments to support
mathematical inquiry activities. These learning environments give students many
opportunities for investigation and exploration, but also provide embedded
instructional support for their inquiry. We discuss next a large-scale evaluation of
these newly developed learning environments that were compared with a tradi-
tional form of teaching.

Basic Setup of the Inquiry Learning Environment

The study focused on students learning about functions in mathematics. More spe-
cifically, it treated topics such as linear formulas, parallel lines, domain and range,
and solving equations and inequalities. The study used the “Getal and Ruimte”
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(Numbers and Space) method, which is widely used in secondary mathematics
education in the Netherlands.

We developed a series of four inquiry environments using SimQuest software
(van Joolingen & de Jong, 2003), which is an authoring tool for creating simula-
tions with integrated instructional support that may consist of, for example,
explanations and assignments. The four learning environments provided the
learner with four different concrete contexts for exploring mathematical ideas
about functions: Mobile Phones, Windmills, Tsunami,! and Benefit Concert.
These learning environments were aligned with relevant chapters of the Numbers
and Space method.

Figure 7.1 displays a screenshot from Windmills showing the interactive,
dynamic, and graphical components of the learning environment (see the left and
middle parts of the screen). Students can manipulate values of variables and observe
the consequences of these manipulations in a graphical, numerical, and pictorial
ways. The right side of the screen displays assignments, such as a task description,
and provides students with guidance on how to operate the interactive parts of
the environment. After completing an assignment, students receive feedback on
their performance.

® dynamical model [CBI] ® minimal final supply (=]
y pply - [2][X]

Assignment
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Fig. 7.1 Screenshot of SimQuest Windmill application

!'This application was developed before the tsunami of December 2004 took place.
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Development of the Learning Materials

The SimQuest applications serve a central role in the learning materials developed
for this study. As mentioned above, each SimQuest application had a specific con-
text to link mathematics to a real world problem (e.g., buying a mobile phone) that
may be interactively explored in the simulation of the context. Learners can manip-
ulate variables and then observe the results in various representations, such as
graphs, animations, and output fields. The interactive parts are embedded in an
instructional environment. SimQuest applications provided learner support through
the sequencing of assignments and models as well as explanatory texts. The assign-
ments followed a specific structure and generally started with an introductory text
to provide the context and explain the variables, to pose a problem-solving question,
and to introduce the interactive part. In addition, the underlying models increased
in complexity by adding variables, with each model progression level having its
own interface and set of assignments. Topical themes were directly visible for students;
however, the degree of complexity was not.

The experimental materials and SimQuest applications were iteratively devel-
oped based on the results of a series of preliminary studies that involved 77 stu-
dents, 41 girls and 36 boys, from secondary education (average age 15-16).
Students had different profiles, with 36 students taking predominant courses from
the cultural and social sciences (e.g., law, history and geography), and 41 students
primarily taking science courses (e.g., mathematics and physics). Participants in the
first two preliminary studies had already been taught the subject matter; partici-
pants in the third had not. Three mathematics teachers also participated in the third
preliminary study. Data in all three preliminary studies was collected through inter-
views, think-aloud protocols, observations, and log data.

During this development process, we focused on the elicitation and support of
learning activities such as abstracting, structuring, evaluating, interpreting, and
proving. For example, structuring assignments sometimes invited students to exam-
ine differences in results between two different situations and elaborations often
promoted reevaluations of how results could have been calculated. In addition, we
stimulated and supported students to communicate using the language of mathe-
matics (e.g., in presenting formulas). We found in the third preliminary study that
students frequently engaged in these desired learning activities, such as in attempts
to formulate a solution process in abstract, general terms or when students began to
look at certain situations (structuring) in order to be able to show that a proposition
is true (proving).

The basic design decisions for the four SimQuest applications were refined over
the course of these studies in three main ways. First, the context of each initial
application was used throughout the set of assignments the students completed. In
the revised applications, a series of assignment contexts went through transitions in
which concrete content gradually became more abstract. That is, students started
with a familiar and realistic concrete context that then was translated into a math-
ematical context. The new mathematical context was further generalized and again
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a mathematical view on this general information was taken. Second, the goal of the
assignments shifted from constructing equations and concepts to exploring their
properties. Third, assignments were extended with subassignments to provide
additional support for students who failed on the original assignment. These subas-
signments were shaped according to the following design.

* Step 1: consider which variable(s) you are going to change and what output you
are going to look at.

e Step 2: what are the different possibilities for the values of the variable(s)?

e Step 3: try out the different possibilities.

e Step 4: look back at the process. What can you conclude?

Every subassignment consisted of two components, one that asked the student for
a possible approach and one that gave an exemplary elaboration. Fourth, additional
support outside of the computer-based SimQuest materials was provided so that the
revised materials also included classroom conversations on key topics (e.g., Cobb
& McClain, 2006) and requesting students to make subject-matter overviews (e.g.,
Horton et al., 1993). The classroom conversations allowed special support (such as
evaluating, interpreting, and reasoning) that is hard to elicit and support in an online
learning environment. In these conversations, students would need to verbalize
their ideas and “defend” these against others. As a result, they were encouraged to
reflect and think more deeply about what they had done. Students could also be
confronted with new and alternative viewpoints, possibilities, and relations to consider.
One of the interlocutors in these conversations was the teacher who also can bring
in the socio-cultural aspects of the mathematics profession.

The preliminary studies also made it clear that students needed a way to structure
the information they received. For this reason we asked the students to make a
paper-based subject-matter overview that was not to report the outcome of a calcu-
lation, but rather to describe what they learned from an assignment and how that
knowledge related to the mathematical domain. The overview was intended to
stimulate students to draw abstract and general conclusions and to help them to
structure different domain elements.

Finally, the third preliminary study indicated that teachers needed support as well.
Therefore, for the large-scale study we developed a teacher guide that described a
scenario on how to deal with the various information sources (e.g., SimQuest envi-
ronment, tools, textbook) in all the lessons on functions. The guide described how
teachers could alternate between the textbook and SimQuest simulations in such a
way that they would be coordinated with each other by roughly dividing each lesson
into the four phases: orientation, introduction, processing, and recapitulation. We
then indicated which parts of the applications could be used in each phase of each
lesson. The final sequence that was developed had these components: (a) introduc-
tion by the teacher, (b) students work with the SimQuest materials alone or in
groups, (c) whole class conversation (intended to foster processing), and (d) comple-
tion of a topic or subtopic, creation of a subject-matter overview consisting of a short
description of important findings (intended to foster recapitulation and reflection).
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Method

Subjects

In this study, the experimental condition used the inquiry materials (i.e., SimQuest
applications, classroom conversations, and subject-matter overviews), whereas for
the control condition, “standard” didactic lessons were given (e.g., teacher led
questions and answers). Eleven schools from across the Netherlands participated
in the study. The experiment started with 470 students in 20 classes. However, due
to illness and absentees, the final dataset consisted of 418 students (206 male and
212 female). The students came from secondary education classes and ranged in
age from 15 to 16. Of these students, 155 had an “M-profile” (cultural and social
science) and 263 had an “N-profile” (science). The N-profile attracts students who
are primarily interested in science and technology topics, whereas the M-profile
students tend to focus on courses in culture, economics, and society. Students in
the N-profile on average have stronger background knowledge in science than
students in the M-profile, which is not surprising as the N-profile curriculum con-
tains more science elements. The division of classes over conditions was not
arbitrary; schools had chosen to place classes in the experimental or in the control
condition, often based on practical reasons. Seven classes (140 students) were in
the control condition and 13 classes (278 students) were in the experimental condition.
The division of gender and of M- and N-profiles over conditions is shown in
Table 7.1. Chi-square analyses showed that gender and profiles were not divided
evenly across the two conditions. The control condition contained more students
from the N-profile and more male student participated in the control condition,
which was probably due to the historical trend that the M-profile attracts more
female than male students.

Table 7.1 Posttest scores (adjusted)

Condition Profile Gender Number Mean SE
Control M Male 21 23.51 1.95
Female 19 22.35 2.06
N Male 55 30.30 1.24
Female 45 32.58 1.36
Total 140 27.19 0.86
Experimental M Male 42 25.19 1.40
Female 73 23.72 1.10
N Male 88 32.15 0.95
Female 75 28.78 1.03
Total 278 27.46 0.57

Total 418 27.32 0.50
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Test

The pretest used in this study assessed relevant prior mathematical knowledge. The
pretest, which had a maximum score of 40, consisted of four main questions and 14
subquestions on first-degree and second-degree equations and geometry. Students
were allowed a maximum of 20 min to complete the pretest, which was found to
have a Cronbach’s a reliability of 0.74.

The posttest consisted of six main questions that split into 15 items that cov-
ered the topics of linear functions, investigating functions, equations and inequal-
ities, and applications (e.g., optimizing a surface). Six items from the posttest
measured procedural knowledge, six other items measured conceptual knowledge.
It was hypothesized that the control group would perform better on the proce-
dural items whereas the experimental group was expected to score higher on the
conceptual items. The remaining three items measured a combination of conceptual and
more technical — procedural — knowledge. No predictions were given for those
three items.

The maximum score on the posttest was 63. Because in some schools different
classes participated in the experiment and not all classes took the test at the same
time, four different versions of the posttest were developed. Items on the different
versions of the posttest differed in appearance but not in content. The students’
score on the posttest was counted as an actual mark for their school examination.
The Cronbach’s a reliability of the posttest was 0.68.

Procedure

Teachers in the experimental condition attended an introductory meeting a few
months before the start of the series of lessons where they worked with the four
SimQuest simulations. They also received a schema for 12 lessons that described
the materials from the textbook and the simulations that should be covered in each
lesson. Prior to the start of the lesson series, the teachers received the teacher guide
and a software manual plus CD with the instructions and software for installing the
simulations. In the first lesson, the students were introduced to the software, and a
member of the research team was present in the lesson to assist with software
installation and to answer students’ questions. The pretest was administered in the
second lesson, and the actual activities for the experimental and control conditions
began in the third lesson, continuing to the end of the implementation. The lessons
for the experimental condition had a general format of introductions in which the
software was used for demonstration purposes, after which students worked with
the software and on exercises from the textbook. There were also classroom con-
versations that were sometimes held after students had individually worked with the
software in order to discuss their findings or to discuss the main issues of a series
of problems. Each topic ended with a summary and the students completed a sub-
ject-matter overview. The posttest was taken around a week to 10 days after the last
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lesson. Teachers in the participating schools were free to follow their own insights
and organization in implementing the program that led to considerable differences
between schools. For example, the number of lessons on subtopics could differ
between two and four, and lesson length varied between 45 and 60 min. In addition,
the availability of computer rooms, data projectors, and other technical facilities
varied considerably between schools that influenced the students’ time on task.
Because the use of a computer program in mathematics lessons was new to the
teachers, the lessons often took more time than anticipated, which led some teach-
ers to cover less of the domain than originally intended.

Results

The control group scored significantly higher on the pretest (M=19.98, SD=6.58)
than the experimental group (M=14.56, SD=7.37). A regression analysis, using
the enter model,”> gave a significant model for pretest scores with the factors of
Condition, Gender, Profile, and their interactions (F7y ao=14.14, p<0.001). The
factor Condition was significant (df=410, t=-6, 57, p<0.001), as was the factor
Profile (df=410, r=4.92, p<0.001) in favor of the N-profile. Gender was not
significant and there were no interactions.

On the overall (uncorrected) posttest score, the control group again outper-
formed the experimental group. However, the average relative difference (absolute
difference/total number of points) between both groups decreased from 13.6% to
6.3 %, which indicates that the two groups have come closer together. Given the
significant difference between the two conditions on the pretest, these scores were
used as a covariate for additional analyses. An enter model regression gave a
significant model (¥, ,,,=25.361, p<0.001) for the posttest scores with the factors
Condition, Profile, Gender, and the interactions between these three factors using
the pretest as a covariate. The factor Condition was not significant (n=418, df =409,
t=0.260, p>0.05), whereas the factor Profile was significant (n=418, df=409, t=7.01,
p<0.001, Cohen’s d=0.73, one-sided test).* Gender was not found to be a sig-
nificant factor (n=418, df=409, t=-0.93, p>0.05). There were no significant interac-
tions. Table 7.1 shows the posttest scores (adjusted with the pretest scores) for the
control and the experimental group with a further division into gender and profile.

In order to run a regression analysis, one of the optional models has to be chosen. The different
options are: enter, stepwise, remove, backward, and forward. The enter model is also called forced
entry model. All variables specified are entered into the model in a single step. This model is
generally used (when there are no specific expectations).

3One-sided tests are performed for specified predictions (e.g., the control condition performs better
on procedural items). All other tests are two-sided.
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We also compared the performance of the conditions on conceptual and procedural
items for which the data are displayed in Table 7.2. A regression analysis (enter
model) gave a significant model for procedural items (Fy , ,=17.380, p<0.001) with
the factors Condition, Profile, Gender, and their interactions with pretest scores as
covariate. Students in the control condition outperformed the experimental condition
students (n=418, df=409, t=-1.687, p=0.046, Cohen’s d=-0.18, (one-sided test).
There was a trend for girls to score higher on the procedural items in the control
condition (n=418, df=409, r=-1.777, p=0.076, Cohen’s d=-0.19, two-sided test).
For conceptual items, a regression analysis (enter model) also resulted in a signifi-
cant model (F,,,,=10.858, p<0.001) with the factors Condition, Profile, Gender,
and the four interactions over these factors with pretest score as covariate. There was
no significant difference between conditions (n=418, df=409, t=0.466, p=0.321,
one-sided test), but there was a trend for boys to outperform girls (n=418, df=409,
t=-1.835, p=0.067, Cohen’s d=-0.19). There was also a trend for an interaction
between condition and profile (n=418, df=409, r=-1.751, p=0.081, Cohen’s
d=-0.18, two-sided test): M-profile students performed better in the experimental
condition while the N-profile students scored higher in the control condition.

As stated earlier there were considerable differences between schools. Therefore,
we also explored the data of two more or less comparable classes (both classes
come from the same school, have an N-profile, one is in the control condition, the
other in the experimental condition). A regression analysis (enter model) yielded a
significant model for posttest scores with the factors Condition, Gender, and their
interaction with pretest scores as covariate (F, , =7.11, p<0.001). There was a
trend for students in the experimental Condition to score higher (n=44, df=39,
t=1.90, p=0.065, Cohen’s d=0.61). Gender was not significant, nor was the inter-
action between gender and condition. The pretest significantly influenced the
results on the posttest (n=44, df=39, 1=4.99, p<0.001, Cohen’s d=1.60, one-
sided test) and there were no significant interactions.

Table 7.2 Posttest scores (adjusted percentages) and SE (of the adjusted scores) on conceptual
and procedural items

Procedural Conceptual

Condition Profile Gender Number Mean SE Mean SE
Control M Male 21 0.55 0.04 0.55 0.07
Female 19 0.59 0.04 0.41 0.07
N Male 55 0.63 0.03 0.73 0.04
Female 45 0.71 0.03 0.75 0.05
Total 140 0.62 0.02 0.61 0.03
Experimental M Male 42 0.54 0.03 0.59 0.05
Female 73 0.53 0.02 0.53 0.04
N Male 88 0.64 0.02 0.73 0.03
Female 75 0.62 0.02 0.66 0.04
Total 278 0.58 0.01 0.63 0.02

Total 418 0.60 0.01 0.62 0.02
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A regression analysis (enter model) didn’t give a significant model for procedural
items (F 439" 1.99, p=0.114) with the factors Condition, Gender, and their interac-
tion with pretest scores as covariate. A regression analysis (enter model), gave a
significant model for conceptual items with the factors of Condition, Gender, and
their interaction with pretest as covariate (F' 439" 3.48, p=0.016). There was a trend
for students in the experimental Condition to score higher (n=44, df=39, r=1.59,
p=0.060, Cohen’s d=0.51, one-sided test). Gender was not significant, nor was the
interaction between gender and condition.

Discussion and Conclusion

In this work, we have developed a set of computer-based inquiry learning environments
for mathematics. The materials were developed iteratively over a range of prelimi-
nary studies. Besides the computer materials, there was an instruction booklet and
a teacher manual with guidelines for the setup of a series of lessons, for classroom
discussions, and for creating subject-matter overviews. In addition, the teacher
manual explicitly linked the new material to the existing textbook. The material
was not confined to a single lesson or a limited part of a topical domain but covered
a series of 12 weeks of lessons on all the topics of functions treated in the textbook.
Once developed, we tested the materials by “letting them loose” in a larger set of
schools of a divers nature and compared the results with achievements in traditional
classrooms that just followed the textbook.

The large-scale study that we conducted showed that implementing the program
in schools led to a wide diversity of usages, dependent on local organization,
structures and facilities. Schools differed considerably in their implementation
efforts, sometimes shortening the program due to time constraints (many teachers
in the experimental condition dropped the creation of subject-matter overviews),
sometimes skipping computer exercises due to problems with the facilities (e.g.,
computers that were out of order, projectors that did not function or were not
available). Of course, this threatens the experimental rigor, but it should also be
recognized that the materials are likely to be used in these ways in everyday
practices. In any case, we can safely conclude that the implementation of the
experimental condition was not optimal in many schools.

Even under these challenging conditions the learning results of the experimental
group on the posttest were encouraging. After correcting for pretest scores, the
outcomes in the experimental condition equal the outcomes in the control condition
in which students received the type of instruction they were used to and in which
no major practical problems occurred. Exploratory analyses of two classes, one
control and one experimental, that were more or less comparable for these external
conditions, points even more strongly in this direction as posttest scores turned out
higher for the experimental group.

Students from the control group turned out to score significantly better on procedural
items for which, primarily, mastery of techniques is important. These students also



200 T. de Jong et al.

executed the test at a higher pace and succeeded to reach the end of the test more
frequently (in the control group 82.9% of the students made one of the last ques-
tions, in the experimental group 67.3% did). This suggests that these students had
automated their knowledge more, which was what we expected. In contrast,
students in the experimental groups had higher scores (corrected for pretest scores)
on conceptual (insight) items. This is in line with the idea that the experimental
material focused more on building insight than the traditional material. Although
the latter difference between conditions did not reach significance it was in the
predicted direction. These results fit into a more general trend that is emerging from
research (see, e.g., Rasmussen & Kwon, 2007).

An interesting finding in this study concerns the gender differences. Overall, and
regardless of prior knowledge, girls performed better in the traditional classroom
setting whereas boys profited more from the inquiry setting. One possible explana-
tion for this effect is self-efficacy, that is, the students’ handling of the inquiry
environment may have been affected by their competency beliefs about learning
mathematics in a more open-ended, guided inquiry learning manner. On the influ-
ence of gender on mathematics, the literature is equivocal. Some studies found no
differences between girls and boys in self-efficacy beliefs toward mathematics
(e.g., Chen & Zimmerman, 2007) whereas others report relevant gender differ-
ences. For example, Meece, Glienke, and Burg (2006) found that boys report higher
interest and competency beliefs in mathematics than girls and Frenzel, Pekrun, and
Goetz (2007) found that girls feel more insecure in mathematics than boys even
when their knowledge is on the same level. To our knowledge, only few studies on
the impact of gender on (guided) inquiry learning have been conducted. In an older
study, Gennaro and Lawrenz (1992) found that girls performed better on inquiry
tasks than boys. A similar finding is reported by Timmermans, Van Lieshout, and
Verhoeven (2007) who compared guided instructions with prescribed, direct
instruction. On the former, girls performed better and felt more at ease than boys.
It is clear that more work needs to be done to unravel the relation between gender
and inquiry learning in general and mathematics inquiry learning in particular.

An obvious question is how the implementation can be improved. One important
constraint was the structure and quality of the textbook. We had to work in a set
curriculum and therefore took the textbook of the schools as our starting point for
developing the SimQuest applications. This turned out not to be optimal; among
others because equations seemed to come “out of the blue.” Whenever possible,
learning materials should be simultaneously developed to realize a better integra-
tion of textbooks and the interactive materials (see chapter by Roschelle & Knudsen,
this volume). Another important factor that we could not alter in the present study
was the time available for this series of lessons. The realistic class situation required
accommodating the existing time schedule for learning the topic of functions.
However, having learners investigate mathematics themselves invariably costs
more time. In the current situation, it may have demanded too much time. A differ-
ent time schedule maybe necessary when students engage in inquiry learning,
certainly when they do this for the first time. The third factor that clearly limited
the implementation concerns the access to computer facilities. In many schools, it
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was difficult to use computer applications comfortably in the lessons. Even in
schools with a good computer infrastructure, problems repeatedly emerged due to
organizational obstacles. In other words, a hefty check on computer facilities and
organizational embedding is needed to ensure that these conditions do not form an
obstacle.

Overall, the results of this study confirm a set of recent studies that indicate that
traditional didactic teaching approaches achieve lower-order learning outcomes,
whereas learner-centered and inquiry approaches, often enabled by technology,
allow students to construct deeper and more conceptual understandings and
enhanced problem-solving abilities. This justifies efforts to further investigate the
conditions under which these types of learning experiences can be optimized.
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