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Abstract

While interest is central to learning, considerable disparities have been reported between stu-
dents’ science interests and the science curriculum. This study explores how Sth grade students’
(n = 72) competence, relatedness and interest levels changed as a consequence of using two
online learning environments, which bridged the students’ anonymous curiosity questions and the
required science curriculum on the topic of “Natural Resources”. One environment provided an-
swers to the students’ questions (a ‘linear’ environment), whereas the other provided relevant
links and sent the students to find the answer by themselves (a ‘hypermedia’ environment). Each
student experienced both of the environments, and their competence, relatedness and interest lev-
els were examined using a closed pre/posttest questionnaire. Interest level increased only after
experiencing learning with the linear environment, whereas competence level increased only after
using the hypermedia environment. These findings point to the potential of using online learning
environments to narrow the gap between the curriculum and students’ interests, while emphasiz-
ing the pedagogical need for diverse online environments for different learners and learning
goals.

Keywords: Interest, Motivation, Students’ questions, Online learning environment, Hypermedia,
Elementary school, Science curriculum, Science education.

Introduction

The importance of student interest in
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Linear vs. Hypermedia OLE

of understanding, or between the question and the requirements of the curriculum (Hagay &
Baram-Tsabari, 2011).

In Israel, where the current study took place, a disparity was found between the high school biol-
ogy curriculum and students’ interests, as reflected by their questions (Hagay & Baram-Tsabari,
2011). In order to bridge this gap, Hagay and Baram-Tsabari (2011) suggested the implementa-
tion of a “shadow curriculum”, a strategy for incorporating students’ interest into the formal cur-
riculum. The teacher asks students to anonymously write down questions they have about a cer-
tain topic. These questions are mapped to the most relevant milestones of the curriculum, and in-
corporated into teaching.

The study described below explored the effect of this “shadow curriculum” strategy on students’
interest and intrinsic motivation in an elementary school setting, using two online learning envi-
ronments that were developed based on students’ questions. While differences in students’ inter-
est level using online learning environments have been studied (e.g. Barak, Ashkar, & Dori,
2011), here the two environments differed in terms of their pedagogical strategy. One environ-
ment provided users with a straight answer to the student’s question (a linear environment - LE),
whereas in the other, users were guided and provided with resources to look for the answer them-
selves using hypertext links (a hypermedia environment — HE).

The literature has reported mixed results regarding the effectiveness of hypermedia-based learn-
ing environments (Dillon & Gabbard, 1998; Scheiter & Gerjets, 2007). On the one hand, the main
advantage of hypermedia environments, compared to more traditional forms of learning environ-
ments, is that learners have control over the order in which they access different information units
(Shapiro & Niederhauser 2004), which may increase students’ interest level (Scheiter & Gerjets,
2007). On the other hand, these same features may lead to disorientation, distraction and cogni-
tive overload (Rouet & Levonen, 1996). Thus, comparing students’ effective outcomes between
the two types of environments may enrich our understanding of the advantages and disadvantages
of each environment in the context of students’ science interests and intrinsic motivation.

Literature Review and Conceptual Framework

Interest in Science Learning

“The word ‘interest’ suggests, etymologically, what is between, that which connects two things
otherwise distant”, according to Dewey (1916, p. 88), who saw interest as a crucial factor in
learning. In fact, interest has a strong influence on students’ cognitive functioning (Ainley, Hidi,
& Berndorff, 2002) and learning outcomes (Swarat, Ortony, & Revelle, 2012). Within science
education, students’ interest levels have been found to explain and predict their career choice
(e.g., Ainley & Ainley, 2011; Cannady, Greenwald, & Harris, 2014; Koul, Lerdpornkulrat, &
Chantara, 2011; Krapp & Prenzel, 2011).

Despite its importance, over the past decade, it has been widely accepted that students’ interest in
learning science is declining in developed countries and science professions are less attractive to
young people (Potvin & Hasni, 2014). “Across OECD countries, close to 40% of high-school
students who come top in science subjects have no interest in pursuing a science-related career”
(OECD, 2009) A critical time period is the transition from primary to secondary education, in
which many students rapidly lose their interest in science (Christidou, 2011).

Addressing students’ questions during science teaching has been shown to influence their intrin-
sic motivation (Hagay & Baram-Tsabari, 2011). According to Deci and Ryan’s (1985) Self-
Determination Theory, intrinsic motivation is based on three basic human psychological needs:
(1) aneed for competence, which refers to a sense of self-efficacy, (2) a need for relatedness,

154



Swirski & Baram-Tsabari

which refers to a sense of security and appreciation, and (3) a need for autonomy, which refers to
the sense of freedom to act while driven by inner interests and not by extrinsic rewards.

Students’ Questions

Students’ questions have become a research topic in the last two decades, due to their potential to
promote meaningful learning and scientific inquiry (Chin & Osborne, 2008). The questioning
process is important in integrating thinking and learning (Cuccio-Schirripa & Steiner, 2000) and
can promote higher-order thinking skills (Hu & Chiou, 2012). Science students’ questions can
direct their learning and foster discussion. It may help them self-evaluate and monitor their un-
derstanding and increase their motivation and interest (Chin & Osborne, 2008).

Scardamalia and Bereiter (1992) reported a correlation between students’ knowledge level and
their question types. In elementary school, students are likely to ask basic factual and explanatory
questions. Baram-Tsabari and Yarden (2005) found that elementary school students tend to ask
more general curiosity questions than other age groups. Thus, even asking questions themselves
might be a building block in their learning skills, indicate interest in the content, and provide a
useful resource for teaching and learning

Students’ questions may also be used as indicators of students’ interest (e.g., Baram-Tsabari &
Yarden, 2005; Chin & Osborne, 2008; Hagay & Baram-Tsabari, 2011; Jidesjo, Oscarsson, Karls-
son, & Stromdahl, 2009). When students raise questions, they express scientific concepts in their
own words using their prior knowledge (Baram-Tsabari & Yarden, 2007). One of the advantages
of this approach over closed-ended questionnaires is students’ ability to express their authentic
interests, rather than respond to a pre-defined list suggested by a researcher. Therefore, students’
questions are conceptualized in this study as an expression of students’ voice.

Students’ Voice and the Elementary School Science Curriculum

Over the last decades, there has been growing interest in giving students a voice in decision mak-
ing about factors that influence their lives in school (Hennessy, 1999). Incorporating students’
voice into decision making is viewed as a useful and pragmatic practice (Davie & Galloway,
1996) and gives students a sense of ownership (Hennessy, 1999).

“The more educators give students choice and control...the more motivation and engagement are
likely to rise” (Toshalis & Nakkula, 2012). Students’ engagement can contribute to the interper-
sonal dimension and integrating students’ questions in class strengthens the connection between
students and their teacher (Hagay & Baram-Tsabari, 2012). “If curriculum relevance is to have
any meaning, it cannot exclude the views of the students themselves” (Jenkins & Nelson, 2005,

p.53).

Although relevance is endorsed, in actual practice students’ voices are often marginalized, espe-
cially with regard to the content of the curriculum (Murray & Reiss, 2005). As Cook-Sather
(2002, p.3) pointed out, “there is something fundamentally amiss about building and rebuilding
an entire system without consulting at any point those it is ostensibly designed to serve.” The
students, for whom the curriculum was constructed, have no influence on its content.

The Israeli elementary school science curriculum is based on the Science, Technology, and Socie-
ty (STS) approach (Israeli Ministry of Education, 2013), which combines several scientific fields,
such as physics, biology and chemistry. The STS approach emphasizes the relevance of the sci-
ence content to students’ everyday life, and arguably therefore better responds to their interests.
Therefore, this study was devised to explore the connection between the elementary students’
voice and the science curriculum.
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Online Learning Environments

An Online Learning Environment (OLE) refers to learning occurring in a specific web-based ar-
ea. The contribution of OLE has been studied extensively in terms of achievement (e.g., Dori,
Barak, & Adir, 2003; Hans, Kali, & Yair, 2011), motivation (e.g., Barak et al., 2011; Rosen,
2009) and pedagogical aspects (Cohen, Kalimi, & Nachmias, 2013; Geri, Gafni, & Winer, 2014).
OLE combines textual and visual information, which has been shown to contribute to better un-
derstanding (Hsu, Hwang, Chuang, & Chang, 2012; Mayer & Moreno, 2003) and increase stu-
dents’ interest level (Barak et al., 2011).

One of the essential components of OLE is the hypermedia technology that is implemented in
many commonplace devices. Hypermedia technology can be seen as augmentation of hypertext
by multimedia elements such as video, animation, and sounds (Rouet & Levonen, 1996). Accord-
ing to Delany and Gilbert (1991, as cited in Dillon & Gabbard, 1998) “hypermedia represents a
natural form of representation with respect to the workings of the human mind.”

In the context of learning, the advantage of hypermedia environments, compared to more tradi-
tional forms of learning environments, is learners’ control over the order in which they access
different information units (Shapiro & Niederhauser 2004). The learner has “the freedom to de-
cide when and which information to access” (Scheiter & Gerjets, 2007, p. 289). Thus, on the one
hand, it is perceived as effective for learning (Jonassen, 1986). However, on the other hand, too
many options may be frustrating. Thus, “it is important to give learners limited rather than unlim-
ited control” (Kirschner & van Merri€nboer, 2013, p. 178). Several studies have indicated that the
hypermedia technology may be less effective than the use of simple linear text. Among the disad-
vantages are disorientation, distraction and cognitive overload for the learners (Falc, 2013; Rouet
& Levonen, 1996).

In the study described below, two OLEs, which differed in their pedagogical strategy, were ex-
plored. One environment provided students with answers to questions. This environment is re-
ferred to as the “linear environment” since the reading flow is linear, and the learner is ‘navi-
gated’ by the writer of the linear text. The second environment directed students to look for the
answer using hypertext links. This environment is referred to as the “hypermedia environment”
since it is consistent with Scheiter & Gerjets’s definition (2007, p. 287) that “hypermedia learning
environments consist of network-like information structures, where fragments of information are
stored in nodes that are interconnected and can be accessed by electronic hyperlinks”.

In this study we explored the effectiveness of the two approaches to increase students’ intrinsic
motivation in science learning.

Research Goal and Questions

The main goal of this study was to explore the application of the “shadow curriculum” strategy
for incorporating students’ interest into the formal curriculum by using OLE. Specifically, we
examined the effects of two types of OLEs on elementary students’ interest and intrinsic motiva-
tion. Both environments were based on students’ questions on the topic “natural resources”. The
research questions were:

1. To what extent are elementary school students’ questions on the topic “natural resources” ad-
dressed by the science curriculum?

2. How does using a linear environment affect students’ level of interest, compared to a hyperme-
dia environment?

3. How does using a linear environment affect students’ levels of perceived competence and re-
latedness, compared to a hypermedia environment?
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Methodology

Participants

This study involved 72 (37 males, 35 females) 5th grade students (10-11 years old) from three
classes in a public elementary school in the northern part of Israel. The school is characterized by
average academic achievement and attitudes to science similar to those found in public schools
with the same socio-economic level (Israeli Ministry of Education & RAMA, 2012). However,
the students’ appreciation of science classes was relatively low, compared to similar public
schools: 55% of the 5th grade students in this school reported enjoying science lessons, whereas
the national mean is 67%. Fifth grade students were chosen for this study due to their relatively
high skills in phrasing questions compared to younger elementary students. The school was cho-
sen for its accessibility, since the first author taught there at the time of data collection.

The research design is an extension of the “Pretest/posttest nonequivalent groups” (Campbell &
Stanley, 1963) involving two intervention groups, one comparison group (which did not take part
in any intervention but learned the same topics) and three measurements.

The roles of the two intervention groups and the comparison group were randomly assigned to
three classes. The same teacher taught all three science classes for four hours weekly. The classes
were characterized by similar science achievement levels.

Students’ Questions: Collection

A total of 161 questions addressing the topic of “natural resources” were anonymously collected
from students in three Sth grade classes.

The questions were written individually by the students at the beginning of the unit using the
anonymous questionnaire (Appendix A) asking them to write questions that interested them about
this topic. Thus, the questions were based only on prior knowledge and interest. The gender of the
students was recorded on the sheet they handed in. Students were asked to explain why they
found the questions to be interesting. Most of the students did not answer this part or wrote repeti-
tive answers such as “curiosity”; thus, we do not report on this data.

Students’ Questions: Analysis

The questions were analyzed for their alignment with the curriculum, based on a method devel-
oped by Hagay and Baram-Tsabari (2011). Questions were mapped to the milestones of the cur-
riculum and classified as having a direct or an indirect answer in the curriculum. For example, the
question “How do natural resources affect our lives?” has a direct answer in the curriculum in the
section “Natural resources as suppliers of human needs” (Israeli Ministry of Education, 2013). In
contrast, the question “ How long can we survive without natural resources?”” has no direct an-
swer in the curriculum, but it relates to the same section (for more examples, see Table 1).

In order to establish inter-rater reliability, the questions were classified by two experienced sci-
ence teachers and yielded x=0.66 with one teacher (substantial agreement), and k=0.89 (almost
perfect agreement) with the second teacher.
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Table 1: Examples of questions mapped into the curriculum

Curricular milestone Questions directly ad- Questions related to the
dressed by the curricu- | milestone that are not ad-
lum dressed by the curriculum
Natural resources as suppliers of human How do people use What would happen if
needs — Natural resources as suppliers of nature for their own oil ran out?
essential needs: water, air, food and pro- needs?
tection + Natural resources as suppliers What would happen if
of needs for human wellbeing, such there were no resin?
fuels and metals
Metal production and processing: from What kinds of pro- How do we process
the ore to the metal and to the final cessing methods are materials?
product - Production: mining, quarrying available for
and refining. Processing: hammering, bronze? How can you turn sand
casting and machining. into glass?
How is a camera made?

Online Learning Environments Development

Student’s questions were used in two interventions, using two online learning environments in
each. For the first intervention, questions about “material processing” were chosen (“How do we
process materials?”, “How can you turn sand into glass?”). For the second intervention, questions
about “materials and products” were chosen. Of the questions that addressed these two issues, we
selected questions which are not addressed by the curriculum, but could be adequately answered
at the elementary school level and have available online information in Hebrew.

According to Ryan and Aikenhead (1992, p. 576), if items are derived empirically from students’
views rather than from science educators’ positions, “researchers can feel secure in the validity of
student responses”. This contributes to establishing the ecological validity of our intervention. An
overview of the process is described in Figure 1.

Dec 2012 Dec 2012 Jan 2013 End of Jan 2013 Feb 2013 Mar 2013
) Developing Developing
COI§CtIn§ Mabping the two online . First two online ~ Second
students pping learning intervention learning intervention
questions questions to environments i environments i
addressing the the curriculum ) The topic ! The topic
o for the topic “material on the topic “materials and
topic “natural milestones “ ial e “ ials and o
resources” materia pracessing materials an products

processing” products”

Figure 1. Stages in the development and implementation
of the “shadow curriculum” in two online formats

The homepage of the two environments in each intervention was identical. It included 14 ques-
tions, accompanied by relevant visuals (Figure 2). Each question had a link to a specific “answer
page”. After entering the answer page, students could go back to the homepage and choose an-
other question.
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Figure 2. Homepage of the online environments on the topic “Natural Resources”

The key difference between the linear and hypermedia environment was the answer pages. The
answers in the linear environment were presented in a simple linear text, so the students just had
to read the answer (Figure 3a). In contrast, there was no direct answer in the hypermedia envi-
ronment but links were provided that guided students to the relevant information (Figure 3b).

Another difference between the answer pages for each environment was the online feedback
form. On each answer page, students were asked to indicate how interesting they considered the
answer. In the hypermedia environment, they were asked to report whether they had found the
answer and then whether it was interesting.
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Figure 3. An example of an answer page in the A. Linear environment
B. Hypermedia environment

Research Tools and Data Analysis

In order to study the effect of the online learning environments on students’ level of interest and
their perceived competence and relatedness, a mixed methods approach was chosen. The research
tools included a short online feedback form, a questionnaire, and a class discussion. The interven-
tion was conducted in the school computer lab. Since there were not enough computers to ac-
commodate each student, the students worked in pairs of their own choosing. Research tools ex-
amined their responses individually (questionnaire, feedback form), as a couple (number of hits
on each question) and as a group (class discussion).

Questionnaire (Appendix B)

As described in the theoretical framework, interest is a form of intrinsic motivation. According to
Deci & Ryan (1985), intrinsic motivation is based on three basic human needs: the needs for
competence, relatedness, and autonomy. Since the intervention was part of the formal science
class activities, we measured the first two needs - competence and relatedness directly. The need
for autonomy was indirectly measured based on level of ‘interest’. General interest in science was

measured as well as specific interest in the topics of “space”, “nutrition” and “natural resources”,
which are part of the 5th grade syllabus. The intervention only dealt with the last topic.

The questionnaire was made up of 20 items ranked on a 1-4 Likert scale (strongly disagree-
strongly agree). Since the study was conducted with an elementary school population, the neutral
option was removed in order to simplify scale for the students.

The items were divided as follows:

e Six items addressing general interest in science based on items from various question-
naires (Gonzales et al., 2008; Israeli Ministry of Education & RAMA, 2012; Schreiner &
Sjeberg, 2004).
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e Three items addressing interest in specific learning topics: the intervention topic “natural
resources” and two other topics - “space” and “nutrition”, that were not included as part
of the intervention. The additional topics were added in order to control for changes in in-
terest level due to causes external to the intervention. These items were based on a ques-
tionnaire developed by Hagay and Baram-Tsabari (2011).

¢ Five items addressing relatedness based on a questionnaire developed by the Israeli Min-
istry of Education and The Psychology Service (2012).

e Two items addressing competence, one from TIMSS questionnaire (Gonzales et al.,
2008) and the other from the international science test for the 5th grade (Israeli Ministry
of Education & The Psychology Service, 2012).

The questionnaire was piloted and validated on one 4th grade class (n=30). In addition, two inter-
views with 4th graders were conducted to see how the children interpreted the items and to verify
their clarity. The pilot results led to several rephrases in some of the questionnaire items.

The reliability (internal consistency) of all 20 items, based on the pre- questionnaire results, was
0.86 using Cronbach’s alpha. High reliability was found for the factors ‘interest in science’ (0.81)
and ‘competence’ (0.72). However, for ‘relatedness’ the Cronbach’s alpha was unacceptable
(0.31). Therefore, these were analyzed separately (see Table 2 in the Findings section). Signifi-
cance was tested using independent sample T-tests as appropriate.

Although Likert items are an ordinal scale, they are often used as numeric in attitude surveys and
their mean and SD are computed. Parametric statistics was used following Norman (2010) since
each aggregate measure (the mean) is based on many individual responses (n=72), and the results
resemble normal distribution. In order to allow the reader closer inspection of our data and analy-
sis mean, SD and actual number of response are reported.

The questionnaires were administered three times among two intervention groups and one control
group (Figure 4), with temporal intervals of about a month (Figure 1): before the first intervention
(pre, n=72), after the first intervention (mid, n=69) and again after the second intervention (post,
n=71). Intervention groups were alternated after the first intervention, so that each student expe-
rienced both types of environments. Due to privacy considerations, the questionnaires were anon-
ymous. This prevented the pairing of individual pre-, mid- and post questionnaires. Therefore,
analysis could only be done at the group level.

Online feedback form

In each answer page, students were asked to indicate how interesting the answer was in their
opinion. In the hypermedia environment, they were also asked to report if they had succeeded in
finding the answer. This form was used to triangulate and elaborate on the findings regarding stu-
dents’ interest level. Since the students worked in pairs, they were specifically asked to send a
form each for every question they viewed, resulting in 349 forms.

In addition, each student was asked to write down the questions they had chosen to read on a
piece of paper. This was done in order to control for cases of multiple online submissions (a stu-
dent that mistakenly presses the ‘submit’ buttons several times).

Class discussion

In order to better understand the reasons for student preferences for each environment, about one
month after the second intervention, a class discussion was held by the science teacher with the
two intervention groups separately. Each discussion lasted 20 to 30 minutes. During the discus-
sion, the students were asked which of the environments they preferred and why. The discussion
was recorded, transcribed and analyzed.

161



Linear vs. Hypermedia OLE

. . Linear Hypermedia
Pre questionnaire ’ .
environment | environment
@ - - Control group
First intervention: Intervention
material processing
+ - group
Q class A
Intervention
Linear Hypermedia 4
i i i - rou|
environment environment Mid questionnaire + Broup
class B
- - Control group @
Second intervention:
Intervention — materials and
- + group products
class A @
Intervention -
+ - group Post questionnaire
class B

Figure 4. Research design

Findings
This study examined the effect of two types of online learning environments, which are based on
students’ questions, on students’ interest and intrinsic motivation. We first assessed to what ex-
tent students’ questions on the topic of “natural resources” are addressed by the science curricu-
lum. Then, based on students’ questions, the attitudinal outcomes of using a linear environment
versus a hypermedia environment were compared.

A total of 161 questions addressing the topic of “natural resources” were anonymously collected
from 58 5th graders. Mapping the questions into the curriculum revealed that about 66% of ques-
tions raised by the students had no answer and were not addressed by the curriculum, despite the
fact that the vast majority were in fact related to one of the milestones in the curriculum (only 10
questions failed to fit any of the curriculum milestones). For example, specific questions such as
“What are soccer balls made of?”, “Is cloth made only from cotton?”” had no direct answer in the
curriculum, but these are related to the “materials” section, in which the students are taught the
general science principle: “people use materials for their needs according to the properties of
these materials”. The curriculum suggests using metals as an example of this principle.

Table 2 presents the number of questions addressed by the six main milestones of the curriculum
in the topic of “natural resources”.

For some of the curriculum milestones, no questions were mapped at all. For example, “using
salt” and “the important of the Dead Sea salts and phosphates” were not included in students’
questions.
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Table 2: Distribution of questions mapped into the curriculum

Curricular milestone Number of ques- Number of ques-
tions directly ad- | tions related to the
dressed by the milestone but not
curriculum addressed by the
curriculum
Examples and definition for “natural resources” 13 36
Metals as a type of material 1 22
Metal production and processing 1 28
Natural resources as suppliers of human needs 3 17
Oil as the basic material for the plastics industry 3 2
The environmental cost of the use of natural re- 0 4

sources

Using the Online Learning Environments

Using this mapping, two OLEs were developed based on students’ questions from the most popu-
lar milestones, excluding the milestone regarding the definition of “natural resources” where most
of the questions were in the yes/no form.

Each homepage consisted of 14 questions, which were presented in a 4 by 4 square table (Figure
2). The number of hits recorded in the first intervention was 128 (by 49 students), and in the sec-
ond intervention 102 (by 42 students). The number of questions clicked by each pair ranged from
1 to 8. We could not find any associations between the number of hits to each of the questions
and the location of the questions in the homepage.

Despite the fact that most of the questions used in the environments were originally raised only
by one or two students, there was a high correlation in both interventions (p1 = 0.81, p1 = 0.88)
between the number of students clicking on each question within the intervention groups. The
most popular questions in the first intervention were “How can you turn sand into glass?” (16
hits) and “What are balloons made of?”” (15 hits). The least popular question was ‘“What are plas-
tic bags made of?”” (4 hits). In the second intervention, the most popular questions were “What
are putty-peeps (a putty which has both solid and liquid properties) made of?” (23 hits) and
“What would happen if there was no resin?” (15 hits). The least popular question was “Is it possi-
ble that in the future, an alternative for oil will be found?” (4 hits). See Appendix C for the full
list of the questions and the number of hits.

Differences in interest level

Comparison of the pre and mid questionnaires, revealed a significant (p<0.05) increase in stu-
dents’ mean interest level in the intervention topic (‘“natural resources”) after using the linear en-
vironment (LE) in the first intervention (2.19 and 2.57, respectively). In contrast, the students’
mean interest level (p<0.05) decreased significantly after using the hypermedia environment (HE)
(2.52 and 1.95, respectively) (Figure 5). No significant difference was found in the level of inter-
est in two other topics, “space” and “nutrition”, that were not included as part of the intervention.
In the control group, which was made of 5th graders that did not participate in the intervention,
there was a non-significant decrease in students’ interest level (2 and 1.66, respectively).
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Figure 5. Students' mean interest level in the intervention topic “natural resources”

After the second intervention students’ interest level decreased in all groups but not significantly
(control group 1.66 and 1.41; HE 2.57 and 2.4; LE 1.95 and 1.85).

Students’ average interest level according to the data from
the online feedback form

3.5

m HE
LE

Average Interest Level — Likert scale (1 - 4)

First intervention (n=49) Second intervention (n=42)

* indicates significance at the p <0.05

Figure 6. Students’ mean interest level according to the data from the online feedback form
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This result was supported by data from the online feedback form, which was integrated into every
answer page in both environments. The students were asked to mark how interesting the answer
was for them. In the first intervention, the students exposed to the LE reported a significantly
(p<0.05) higher interest level than the students who experienced the HE. In the second interven-
tion there was no difference between the interest levels in the two environments (see Figure 6).

Students’ Perceived Competence and Relatedness

No significant difference was found with regard to perceived competence after the first interven-
tion (control group 2.2 and 2.52; LE 2.8 and 2.73; HE 2.57 and 2.66, respectively). However, af-
ter the second intervention, the mean competence level of the students who experienced the hy-
permedia environment increased significantly, compared to the competence level in the mid ques-
tionnaire (2.7 and 3.03, respectively, p<0.05) (Figure 7).

Differences in students' level of competence - second
intervention

f=y
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w
—
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=
0]

Average competence level — Likert scale (1 - 4)

Control group Intervention Group Intervention Group
class A- HE class B - LE

* indicates significant at p < 0.05
Figure 7. Students' level of perceived competence before and after the second intervention

Significant differences in students’ relatedness levels were found after the first intervention (pre-
mid questionnaires).

As seen in Table 3 (bold indicates significance at p<0.05 level), after using the linear environ-
ment, there was an increase in all five items measuring a feeling of relatedness (actual results are
detailed in Appendix D). However, this increase was only significant (p<0.05) for the item “I feel
that the questions I raise in science class affects its content”. On the other hand, after using the
hypermedia environment this index decreased significantly (p<0.05). Another significant de-
crease was found in the item concerning the students’ influence on science lessons after using the
hypermedia environment (p<0.01). No significant differences were found for the control group.
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Table 3: Differences in students’ level of competence and relatedness
Bolded - significance (p<0.05)

Intervention group - class A Intervention group - class B
Control group
(Linear environment) (Hypermedia environment)
pre mid pre mid pre mid

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Students can influence the content
244 [ 123 | 266 | 1.24 | 292 | 073 | 3.15 | 0.72 | 3.19 | 0.66 | 2.76 | 0.92

taught in a science lesson

| feel that the questions| raise in
224 | 1.06 | 233 | 094 | 242 | 0.79 | 2.65 | 0.83 | 2.81 0.96 | 2.00 | 0.82

science class affect its content

My classmatesthink | have stupid ideas

336 | 093 | 3.09 | 1.01 | 342 | 097 | 350 | 0.75 | 3.62 | 0.58 | 3.19 | 1.05

| feel that science teachers respect me

28 | 113 29 | 123 | 3.31 | 067 | 3.38 | 0.56 | 3.24 | 0.87 | 2.86 | 0.94

| feel there is no point asking questions

in science class because no one will 3.04 | 1.07 | 3.42 0.9 304 | 085 | 346 | 097 | 3.52 | 0.66 | 2.86 | 1.12
answer them anyway

Students’ Preferences

The class discussions conducted with each of the intervention classes one month after the second
intervention, encouraged students to contribute their own perspective on the OLE and the strategy
of using their own questions as a starting point for learning.

When asked which they preferred — the “hypermedia environment” or the “linear environment” —
most students orally reported that they prefer the linear one. The time needed for getting the an-
swer was one of the explanations, as one student plainly said: “when I ask a question it means
that I don’t want to find the answer by myself. If I did, I wouldn’t have asked it at all! — I'm happy
to have the answer and this is how I learn” (female in class B). Another reason was the adjust-
ment and suitability of the answers to students’ level: “I prefer the simple answer [the linear en-
vironment], because I understand it better, it was clear. When [ looked for the answer [the hy-
permedia environment] sometimes it was hard to understand” (female in class A).

However, not all the students preferred the easier and shorter way. Three students, who had an
excellent achievement level in science, said that the hypermedia environment was their preferred
environment. They claimed that looking for the answer by using the links was more challenging
and interesting and enabled them to discover new information. As one of the students said, “If you
already have the answer, it doesn’t help you. You just read. The main idea is to find the answer
by myself’ (f\ class B). Another explanation for this preference was the visualization of the an-
swer. “I prefer the links [the hypermedia environment]; it was more visual than just reading the
answer [the linear environment]” (m\ class A). A summary of all reasons mentioned in the class
discussions appears in Figure 8. The numbers in parentheses represents the number of students
who mentioned the explanation.

To recap the findings, each intervention drew a different picture. In the first intervention, the in-
terest level increased after experiencing learning with the linear environment and decreased after
experiencing the hypermedia environment. After the second intervention, students’ interest level
decreased in all the groups but not significantly. However, the competence level increased only
after using the hypermedia environment in the second intervention.
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Reasons for Reasons for
preferring the preferring the
hypermedia

environment linear environment

Enabled to discover
new information (3)

More interesting (3)

More challenging (2)

o More suitable to
Better visualization students' level (1)

(1)

Figure 8: Reasons for preferences of each of the environments

Research Limitations

The main limitation of this study was that the intervention was conducted only twice, yielding
different results each time. One possible cause behind this inconsistency is that each intervention
included fewer than 10% of the 161 collected questions. Therefore, the results might have been
different if other questions had been included or if another topic had been used. Another potential
cause might be that students found the repeated activity and measurement less exciting the second
time it was administered.

Secondly, due to privacy considerations, the questionnaires were anonymous. This prevented the
pairing of individual pre, middle and post questionnaires. Therefore, analysis could only be done
at the group level.

Data collection was done using a 1-4 Likert scale. In hindsight, a 1-5 scale might have been a bet-
ter choice, allowing a neutral point.

In addition, one of the researchers was also the teacher, who collected the data, designed the
OLE, and led the interventions. This could lead to a certain bias in the results, such as reactive
effects of experimental arrangements (Campbell & Stanley, 1963) that may be caused by stu-
dents’ desire to satisfy their teacher.

Another limitation is that, despite the random assignment of classes to the control and interven-
tion groups, this was still a quasi-experimental rather than experimental design. Analysis of the
pre-questionnaire revealed significant differences in students’ interest and relatedness level be-
tween the control group and the interventions groups. Therefore, the ability to compare these
groups was limited.

Lastly there is an uncontrolled variability in the educational level of the links provided in the hy-
permedia environment, e.g., the length of each link, the text level, its appearance, etc. Such a var-
iance may influence interest and motivation levels.
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Future studies could benefit from a text analysis of the hyperlinks and an analysis of students’
study skills on regular texts to test their ability to find answers.

Conclusions

The questions that students raise in class can reflect their interests. These interests are often mar-
ginalized or ignored by the science curriculum. Hagay and Baram-Tsabari (2011) found such a
gap between high school biology students and the biology curriculum serving them in Israel. In
this study, we found that such a gap also exists between students’ interests, as reflected by the
questions they would like to ask, and the elementary school science curriculum.

Naturally, the curriculum cannot contain the answers to each and every student’s question. How-
ever, we found that most students’ questions could be addressed in connection with different cur-
riculum milestones, even though there was no direct answer in the curriculum. A correlation was
found in the popularity of the questions between the two intervention groups, i.e., different co-
horts of students seem to be interested in similar questions. These findings may indicate the value
of using the “shadow curriculum” strategy for incorporating students’ interests into the formal
science curriculum, or maybe changing the curriculum.

The first intervention successfully integrated students’ questions with the science curriculum, re-
sulting in an increase in students’ interest levels. However, these findings were not observed in
the second intervention. One possible explanation could be the change in the intervention topic,
which may have been less interesting to the students in general or the fatigue of repeating a simi-
lar activity, known as “multiple treatment interference” (Campbell & Stanley, 1963).

Differences in students’ interest level using OLE has been studied previously, for example by
Barak et al. (2011). Thus, in this study we developed two OLEs which differed in their pedagogi-
cal concepts. The analysis revealed a significant increase in the interest level after using the linear
environment, while after using the hypermedia environment, students’ interest level decreased.
Regarding the intrinsic motivation component, in contrast to the LE (linear environment), the HE
(hypertext environment) was found to be effective for competence, but ineffective for relatedness.

Scheiter and Gerjets (2007, p. 301) wrote that “It is often argued that hypermedia has many ad-
vantages for learning. Unfortunately, reviews on hypermedia learning have failed to provide
much support in favor of these claims”, and the findings of this study support this observation.
Since hypermedia environments enable learners to have control over the arrangement of content
(Shapiro & Niederhauser 2004) and helps them construct the answer themselves, we assumed that
it would increase interest and motivation in learning, but our findings paint a more complex pic-
ture.

In this study, students expressed more interest in the plain text of the linear environment that pro-
vided an answer written by the teacher. Students attributed this preference to the shorter time
needed to find the answer and the compatibility of the answers to their level of understanding.

However, some of the high achieving students said that the hypermedia environment enabled
them to discover new information, and challenged them more. Hence the ambiguity regarding the
effectiveness of hypermedia learning environments may be a result of differences between learn-
ers. According to Eshet and Hammer (2006), the potential effectiveness for the learner from
learning with hypermedia depends on the learners’ digital and cognitive skills, due to the fact that
“even when controlling for Internet access and experiences, people differ in their online abilities
and activities” (Hargittai, 2010, p. 92). Thus, the recommendation stemming from our findings is
the importance of adjusting the environment to the students’ level, both in the content and in the
pedagogical method, and giving them the opportunity to choose which way is best for them.
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In this work, we explored a practical and viable way for introducing a student driven curriculum
into the elementary science class, while focusing on its effect on intrinsic motivation. This study
may also contribute to the body of literature addressing the role of OLEs in enhancing extrinsic
motivation. Chen and Jang (2010) suggest online instructors to “create an open, interactive, and
learner-centered atmosphere for students to freely express their feelings, thoughts, and concerns”
(p. 750). This study may point that this “learner-centered atmosphere” may be influenced not only
by applying learner-centered pedagogy, but also by using learner-centered content. A synergy
between content, which builds on students’ existing interests and constructivist pedagogy, could
make the OLE more motivating to students.
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Appendix A
Translated questionnaire based on the “probing questionnaire” in Hagay and Baram-Tsabari (2011, p. 630).
Iam a boy / girl grade:
Hi,
Today, we will begin learning the topic “Natural Resources”.

Please write down the questions related to the topic of “Natural Resources” that you would like to
know the answer to. The questions can relate to everyday life, and do not necessarily need to be
something you learn in school. I would appreciate it if you could explain why the questions inter-
est you (personal reason, something I read, something I learned, rumors, curiosity, faith, some-
thing I saw on TV, etc.)

You may use the following types of questions: Do/Does...? How...? Why...? What is the con-
nection between...? When...? What would happen if...? How... influences on ...?

S Learning Ina
NetworKed Society

Why am I interested in this question? My question

(More space was left in the original questionnaire)
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Appendix B

Translated questionnaire

Hi,

In this questionnaire, you will find statements about interest in science learning.

Please indicate how much you agree with each of these statements.

I am a boy / girl grade:
St.rongly Disagree | Agree Strongly
disagree agree
Science is boring 1 2 3 4
I like school science better than most other sub- 1 2 3 4
jects
In my spare time I enjoy watching Science/ Na- 1 2 3 4
ture/ Environment programs (on TV or computer)
In my spare time I enjoy reading newspapers, 1 2 3 4
books, online articles, etc. related Science/ Nature/
Environment
I would like to become a scientist 1 2 3 4
The things that I learn in science at school will be 1 2 3 4
helpful in my daily life
I am interested in topics related to food, nutrition 1 2 3 4
and digestion
I am interested in topics related to space 1 2 3 4
I am interested in topics related to natural re- 1 2 3 4
sources
[ usually do well in science 1 2 3 4
Science is harder for me than for many of my 1 2 3 4
classmates
Students can influence the content taught in a sci- 1 2 3 4
ence lesson
I feel that the questions I raise in science class af- 1 2 3 4
fect its content
My classmates think I have stupid ideas 1 2 3 4
I feel that science teachers respect me 1 2 3 4
I feel there is no point asking questions in science 1 2 3 4

class because no one will answer them anyway

Is there anything else you would like to add?
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Appendix C

Number of hits — Firstintervention Number of hits — second intervention
How can you tum sand into glass? 16 What are puﬂy-peepsﬂ (a putty which has both solid and liquid 23
properties) made of?"
What are balloons made of? 15 What would happen if there was no resin? 15
Are there specific materials that are used in processing? 12 How do bees make honey? 10
What is the process of making paper from a tree? 11 How are cars made? 9
Is glass a natural resource? 11 How is a whiteboard made? e
Is cloth made only from cotton? 11 Where does candle wax come from? 8
What strong wires are made of? 10 How is a camera made? &
What are soccerballs made of? 9 What would happen if the oil ran out? 4
What glass is made of? 7 When and how was the wood table created? 3
What concrete blocks are made of? 7 What is petroleum? 3
How do we process materials? 6 Why do we need oil? 3
What kinds of processing methods are available for bronze? 5 How are light bulbs made? 3
What kinds of processing methods are available for wood? 4 How are clocks made? 3
What are plastic bags made of? 4 Is it possible that in the future, an alternative for oil will be found? 2
Differencesin students'level of relatedness — actual results
Intervention group - class A Intervention group - class B
Kol Control group
5] (Linear environment) (Hypermedia environment)
w
pre (n=25) | mid (n=21) | pre (n=26) mid (n=26) pre (n=21) mid (n=21)
Students can influence the content taught in a science | 1 9 7 1 0 0 3
lesson 2 3 0 5 5 3 3
3 5 7 15 12 " "
4 6 7 5 9 7 4
| feel that the questions| raise in science class affect 1 9 5 4 2 2 6
its content 2 4 6 8 9 6 10
3 7 8 13 " 7 4
4 2 2 1 4 6 1
My classmates think | have stupid ideas 1 15 10 18 16 14 11
2 6 5 3 8 6 6
3 2 4 3 1 1 1
4 2 2 2 1 0 3
| feel that science teachers respect me 1 5 5 1 0 1 3
2 4 2 0 1 3 2
3 7 4 15 14 7 11
4 9 10 10 " 10 5
| feel there is no point asking questions in science 1 11 13 9 18 13 8
class because no one willanswer them anyway 2 8 6 10 5 6 6
3 2 0 6 0 2 3
4 4 2 1 3 0 4
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