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Abstract. Supporting the latest technology
for inquiry is among one of the topics that
is currently being discussed in the context of
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science education. The aim of this research
is to examine the laboratory practices
that use mobile learning to enhance the
science process skills of the participants.
The research is of qualitative design and

Introduction

has been planned as action research. The
practices on determining the quality of
water are based on an approach of guided
inquiry based learning. The research was
conducted with eleven (n=11) volunteering
pre-service teachers who were third-year
students in department of the science
teacher education. Group discussions,
classroom camera records and spreadsheet
responses were used to determine the scope
of the research. The data were analyzed
with directed content analysis by two
separate researchers who used the Nvivo
8 program. At the end of the research, it
was concluded that using mobile learning
contributed to the laboratory practices in
many ways.
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Technology is an essential part of everyday life for today’s students, as
meaningful for them as meeting their physiological needs. From early on in
childhood, learning processes, communications, concepts of entertainment
are shaped within the framework of advancing technologies. Prensky (2001),
in his work “Digital Natives, Digital Immigrants,” refers to today’s students as
digital natives and to teachers as digital immigrants. Although the concept of
digital natives is debated whether it is scientifically premature (Bennett, Maton, & Kervin, 2008), the concept was already settled in the scientific language.
The concept refers that they are dependent on communication technologies
for accessing and for interacting, and these technologies quickly become a
part of their lives. They are more interested than their parents and teachers
for newly released technologies. This provides educators with the opportunity
to create new learning environments for the future. The computer skills of
students cross over ethnic, language, gender or socioeconomic borders and
are a real asset that can be gained without the guidance of an adult (Dangwal,
Jha, Chatterjee, & Mitra, 2005; Mitra, & Dangwal, 2010). In this context, the
expectations of these students from education go beyond learning technology, moving more into the realm of how to make use of technology as a tool
in the learning environment. Educational curriculums support this goal. The
content and practices of Next Generation Science Standards (NGSS) recommends the broad use of technology in various ways.
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“Such tools need to be used purposefully to advance particular learning
goals, for example, to help students engage with real data, investigate
phenomena or work with and communicate their models. In particular, the
practice of computational thinking involves such activities as simulations to
model physical phenomena or test engineering designs under a range of
different conditions, to mine existing databases, or to use computer-aided
design (CAD) software to design solutions to problems… (NRC, 2015)”
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It is important that practices are appropriate to the digital medium, both in terms of knowledge and of skills.
When compared with lessons in which these are not used, practices that use technology effectively can be seen
to be more meaningful for students. In today’s world, the category of low-cost simple devices includes the smart
phones that everyone has in his pocket or bag. It is for this reason that the scope of benefiting from technology
in the learning environment has broadened immensely. In the light of this perspective, the research explores the
support of mobile learning in doing two science laboratory practices that have been designed within the framework
of inquiry based science education. The goal of this research has been to show that the inquiry based laboratory
practices supported with mobile learning will make process skills more effective, both in terms of basic process
skills as well as integrated process skills. The research seeks answers to the following research questions:
•• How can inquiry based laboratory practices be supported by mobile learning?
•• How can mobile learning be used to make students’ process skills more effective?
Mobile Learning
The Ambient Insight Research (2015) classifies learning technologies into a wide range of products: Selfpaced eLearning courseware, digital reference-ware, collaboration-based learning, simulation-based learning,
game-based learning, cognitive learning, and mobile learning. Mobile devices (smartphones, mobile computing,
probes attached to hand-held computers, etc.), which occupies an important place in mobile learning, presents
science education with a new area of development that makes learning independent of “space” and “time.” In
this way, with mobile devices today, teachers can now perform many classroom or outdoor practices that were
deemed impossible to do 10 years ago. In fact, the ideas of “one or more mobile device per learner”, “bring your
own device”, “everywhere and all the time (seamlessly)” are implemented practices rather quickly (Zhang, Looi,
Seow, Chia, Wong, Chen, So, Soloway, & Norris, 2010; Wong & Looi, 2011; Song, 2014). Thus, authentic and realistic
activities designed using mobile devices make it possible to reach students (e.g., Jones, Scanlon & Clough, 2013;
Finkelstein, Winer, Buddle, and Ernst, 2013; Hung, Hwang, Lin, Wu, & Su, 2013; Martin, & Ertzberger, 2013; Chiang,
Yang & Hwang 2014, etc.). For example, students realistically collect and explore observational data from immersive simulations (Lui, Kuhn, Acosta, Niño-Soto, Quintana, & Slotta, 2014). These tracking efforts in informal
environments such as science museums, or wildlife also provoke students into developing digital literacy skills
for scientific inquiry (Marty, Alemanne, Mendenhall, Maurya, Southerland, Sampson, & Schellinger, 2013). Toh, So,
Seow, Chen, & Looi, (2013) propose a broad theoretical and methodological framework, including cooperative and
people-centered data collection method to use mobile devices in classroom activities. They mostly focus on using
tablets and mobile phones. However, using sensing technologies and other wireless tools is currently preferred
in science activities. In particular, the use of sensor probes occupies a significant place in science education as,
instead of only stimulating science and scientific data, they provide the direct opportunity of making real time
measurements (Novak & Krajick, 2006).
In addition to above mentioned hardware tools, mobile learning activities have expanded considerably with
software tools that offer system support. Web tools offer teachers and students user-generated content, usability
and interoperability. As a result, teachers who used to direct their students to ready-made sources have now become able to become content providers thanks to Web 2.0. For example, web artifacts created by Web 2.0 have
already been used in education for some time now (e.g., Lamb, 2007; Archambault, Tsai, & Crippen, 2011; etc.). All
teachers now can create usable and interoperable environments for their students available on blogs, Facebook,
Prezy dashboards and the like. As a matter of fact, even teachers accepted as being digital immigrants can very
easily combine the photographs, videos, simulations of an experiment with a blog to support activities. It becomes
therefore possible to use mobile devices to reach students and teachers with much more unique and learning
process-focused interfaces. Crippen & Archambault (2012) discusses how, within the framework of STEM Education, science and technology classroom and out-of-classroom activities to scaffold inquiry. The research asserts
that technology is in transition from desktop-based platforms to Web-based platforms and calls attention to the
supports of applications. It is emphasized that these tools provide support to students and teachers, helping them
to ask questions in their investigative processes, collect and explore the evidence, analyze the data and use it to
generate an explanation, gather evidence, benefit from guided explanations, share, justify and defend arguments
and inscriptions with classmates and teachers. These developments make it possible to transfer many simulations,
videos, activities or mobile apps that would otherwise remain locally based due to differences in language, curriculums, copyrights, to a broader audience.
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Technology & Inquiry Based Laboratory Practices
Laboratory practices have an important role to engage students in the nature of science, scientific inquiry, and
laboratory skills. To guide practices, teachers provide student lab manuals, data tables, observation sheets, equipment
and supply lists, and also explanation about the use of equipment and devices. Effective use and evaluation of these
tools take a lot of time and effort for teachers to continue practices, and also students to focus on learning. Technology
always facilitates teachers and students’ works within the recent advances. Since the 1990’s, when Web 1.0 technologies were prevalent, discussions have been devoted to integrating technology into students’ inquiry processes. In the
beginning, technology was benefiting scholars in terms of attaining more knowledge, storing information, sharing
data, communications, the visualization of data, and in analysis or modeling processes (e.g., Wallace, Soloway, Krajcik,
Bos, Hoffman, Hunter,…Ronen, 1998; Rock, Blackwell, Miller, & Hardison, 1997; Edelson, Pea, & Gomez, 1996; Plutchak,
Hall, Wojtowicz, Sridhar, Ramamurthy, & Wilhelmson, 1998; White, 1993). On the other hand, various difficulties were
being reported in terms of motivation, accessibility of investigation techniques, background knowledge, management
of extended activities, and the practical constraints of the learning context (Edelson, Gordon & Pea, 1999). Later, with
the development of motivating investigative techniques used in the inquiry process such as probes, modeling, Web
2.0, hypermedia artifacts, hand-held computers, applications, and visualization tools, technology began to be transferred into laboratory practices much more effectively (Novak & Krajick, 2006). As well as these developments which
facilitate laboratory practices, mobile learning brings new understanding of the inquiry based laboratory practices.
Mobile devices, sensing technology, user-generated content, usability and interoperability support teachers in the
guidance of practices. Therefore, they could guide effectively in the crowded classrooms without thinking on timesink. As well as helping the teacher to guide practices, it is more important that they could support students’ tasks to
enhance their inquiry skills. Students in practices endeavor to make observations, ask questions, gather information,
design, plan, and conduct investigations, analyze and interpret data, and also socially collaborate with others. Handling
of all these tasks provokes them into using their process skills (Harlen, 2014). Previous researches in this sense shed
some light on the use of mobile devices that might be useful for enhancing students’ inquiry processes (e.g., Zhang
& Quintana, 2012; Varma & Linn, 2012; Ahmed & Parsons, 2013 et al.).
In designing mobile learning for laboratory practices, how to use mobile learning for this purpose, how to plan
tasks, and also how to assess the skills are important issues. Kuhn and Pease (2008) review the development of process
skills in primary school. Instead of laboratory experiments, they use software-based experiments that include choosing relevant data to access, making and justifying interpretations of the evidence and relating them to their existing
understandings, making predictions and other skills. They firstly organize inquiry practices at a more structured level.
In time, software support diminished and was converted into a less structured level with which students could carry
out their investigations independently. And also Quintana, Reiser, Davis, Krajcik, Fretz, and Duncan (2009) defined
frameworks for software design that could be used to support students’ learning processes. Researchers assert that
the development of software should be geared to make a possible synthesis of theoretical thoughts: (1) cognitive
apprenticeship (guidance from mentors through coaching, task structures and hints); (2) learning by doing; (3) social
constructivism and situated cognition (socially situated tasks, social interaction and discourse dimensions); (4) accomplishing tasks within their zone of proximal development. And secondly, the authors emphasize the development
of this software in the four frameworks: Design, sense making, process management, and articulation and reflection.
These studies are important for using the mobile learning to design their role in the practices, but how to determine
students’ process skills is also an important issue. Although it is stressed that students’ process skills develop early
on and over a prolonged period, long-term practices and skillful activities bring students closer to using these skills
(Kuhn & Pease, 2008). When it is considered that the limitations of summative test to evaluate students’ process skills,
the evaluation students engaging inquiry practices (i.e., doing science) could be an effective way. To determine students’ during the activity, Gobert, Pedro, Raziuddin and Baker (2013) developed an evaluation method for students’
performance-based process skills. Thanks to a software named Online Microworlds in the Inq-ITS (Inquiry Intelligent
Tutoring System) many student skills can be pointed out in the online investigation process. The software stands out
as a tool that makes it possible to evaluate process skills based on the theoretical notion of ensuring that students
are “doing science”, but it evaluates students in interactive simulations. Despite the limitations, the most convenient
approach for assessing process skills during the laboratory practices could be direct observation of behaviors. Therefore, this research sheds light on designing inquiry based laboratory practices using mobile devices that will bring
students out from the classroom setting where they are “native speakers,” into an authentic, real-life situation apart
from the classroom and independent of time.
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Methodology of Research
General Background of Research
The research focused on the support of mobile learning in the inquiry based laboratory practices. It is predicted
that using mobile devices will enhance pre-service teachers’ scientific process skills during the practices. Therefore,
two inquiry based practices were examined qualitatively, data gathered from two-hour practices for two weeks.
The research methodology has been planned as action research to capture the status quo of mobile learning in
the practices and to answer the question that how pre-service teachers’ process skills were enhanced.
Sample of Research
The participants in the research were selected with the purposive sampling (or judgmental sampling) method
of accessibility sampling. The practicality of working with easily accessible participants and a familiar sampling was
considered in the research; the work was carried out with a student group made up of eleven (n=11) individuals.
The participation was small due to the consistency of volunteer participants, and the aim of deeper considerations.
The participants were five women and six men in the third-year class of the Science Teaching Department of the
Faculty of Education at Western Anatolian University. The pre-service teachers were of an average socioeconomic
level and comprised individuals who had been born in the period after 1980 up to the beginning of the 1990’s. This
age group represents the students of today defined by Prensky (2001) as the digital natives and their changing
mode of learning that effectively makes use of digital media tools and technology. It was the ability of this group
of pre-service teachers to use technology effectively in teaching and learning within the scope of science subjects
and activities that made them the group chosen for the research.
Instrument and Procedures
The group discussions and the classroom camera recordings were used in the data collection process of the
research. In the practices, pre-service teachers did activities in two groups, and the group discussions are carried
out with these two groups. This allowed verifying experiment practices, the opinions and ideas. In addition to this
data, to verify the data and explanations and increase validity, Google Forms’ spreadsheet responses were used as
data sources. Open-ended questions were prepared to be used in the group discussions. The opinions of two science education specialists were enlisted to assess the questions that were prepared. A camera recorded the entire
classroom activity during the group discussions while simultaneous discussions inside the groups were recorded
on the students’ mobile devices. All participants were informed about recording and research procedure, and their
approval was taken to have ethical clearance. And also, converting their verbal statements into a written format,
each participant was coded with a number.
The implementation was carried out within the scope of an elective course that the senior pre-service teachers were taking that was called, “Entertaining and Innovative Science.” The pre-service teachers were taking this
course for the duration of fourteen weeks on a basis of two hours a week. The course encompassed integrated
practices that included mobile devices and guided inquiry-based learning. The mobile devices consisted of notebooks, tablets, smartphones, as well as sensing probes such as conductivity and pH meters. These technologies
allow students to access every kind of digital scientific data, collect and record data independent of the class.
They can simultaneously receive and upload data over mobile networks and take part in many communication
activities. All of these practices are important as they enrich students’ learning environments in science courses
and also significantly support the inquiry process that is conducted within the scope of inquiry based learning in
the science classroom.
The topic “determining the quality of water” was taken up and in this context, the participants analyzed water
samples in order to find their pH and conductivity properties. The pre-service teachers started off by asking the
question, “Which water can we drink?” as they sought to pick out some samples of water that was drinkable. The
practices were supported by a user-friendly interface, in order to guide the pre-service teachers in their experiments,
and also interact with each other and the instructor; an interface was created using the Google Forms (Figure 1).
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Figure 1: 	The interface created from the Google Forms.
Figure 1 offers a symbolic representation of the supports of the mobile devices and the way these tools interact
with users. The accessibility of wireless web and mobile devices in the classroom was achieved since almost all of
the students had smartphones and could use Google Forms online. Carrying these activities to an online environment makes it possible for each student to follow the activity flow individually or in a group. Thus, the pre-service
teachers were able to follow up on the activity independently from the instructor and the class. A smartphone
screenshots of the support of mobile devices are presented in Table 1.
Table 1. 	Screenshots of the Google Forms and the flow of the activity.
Support for the eliciting of prior knowledge
It is important for teachers to know about students’ conceptual knowledge, or previous experiences on the topic.
Therefore, mobile devices can give collective information about participants’ conceptual understanding. As can be
seen from the screen to the side, in the first stage of the activity, the pre-service teachers responded to the items on
Google Forms that they thought were right. This method makes it possible to probe into the prior knowledge of the
students. A student has to answer a question before being allowed to move on to the next item. All responses are
simultaneously sent to teacher’s mobile device to guide inquiry.
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Support for obtaining / communicating information, and planning investigations
The pre-service teachers scan the web addresses given to them in the activity and write up the information they gather in a text, interpreting the data for planning investigation. By doing this, they learn about the variables that affect
determining the quality of water, define the reference intervals that they will accept into the experiment, and formulate
hypotheses. The information gained here is important first so that the experiments may be completed in a short while
and secondly, so that it is completed in line with its goals. As can be seen from the smartphone screenshot image to
the side, each of the student’s statements written into the Google Forms from the smartphone is evaluated during
and after the activity and the student is provided with feedback.

Support for carrying out investigations
The pre-service teacher in the photograph is learning what the sensor probes are that they will be using in the experiments with video and other multimedia plug-ins, what sensor probes are, how they are calibrated and used. Thus,
the student is able to repeat the subject and images as much as desired, independent of the instructor.

Support for analyzing and interpreting data, using mathematics and computational skills.
In the photograph, the pre-service teacher is converting the data collected via sensor probes into other unit systems
using online unit conversion applications (using Volt, Ampere and Centimeter values to convert into Millisiemens),
after which this is recorded in a report. When a unit is not defined, the instructor may receive feedback on the basis
of a report of the data in the unit system that the instructor had previously added onto the Google forms. Thus, the
student gains knowledge and also skills as to how to report measurements accurately and in a manner that is in line
with the nature of measuring.

Support for engaging in argument from evidence, evaluating / communicating investigational results.
In the responses of Google Form, spreadsheets make it possible within the process to share all that is written with
the groups simultaneously after the activity. After completed the activities, they can see what their peers verbalize,
what they found as a result. This offers the entire class the chance to discuss and evaluate the activity as a whole.
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Data Analysis
Mobile learning and their supporting inquiry based laboratory practices were investigated in the research using
group discussions, classroom video records and Google Form spreadsheet responses. The data were analyzed with
directed content analysis. Based on the work of Martin, Jean-Sigur, and Schmidt (2005), the initial coding scheme
determined prior to beginning to the analysis of data. They discuss the assessment of process skills as divided under
two fundamental themes (basic and integrated process), and each theme has sub-themes (Table 2).
Table 2.

Coding themes to science process skills.
Theme

Sub-themes

Basic Process

Integrated Process

Observing

Identifying and Controlling Variables

Classifying

Formulating Hypotheses

Communicating

Interpreting Data

Measuring

Defining Operationally

Predicting

Experimenting

Inferring

Constructing Models

The research analyzes process skills in each sub-theme with proficiency indicators. These indicators are used
as the coding scheme of this research. For example, under the sub-theme of observing are the codes (1) identifies
objects, (2) uses more than one sense, (3) uses all appropriate senses, (4) describes properties accurately, (5) describes changes in objects, (6) provides qualitative observations, (7) provides quantitative observations. All of the
data were analyzed independently by two separate researchers who used the Nvivo 8 program. The investigators
calculated Cramér’s V to determine the accord between the researchers. Cramér’s V was found to be .79. A value
of between .70 *- .100 indicates a strong correlation between the analyses of the researchers (Cramér, 1999). The
statements that did not reveal concordance between the codes were re-evaluated by the researchers.
Results of Research
Based on the data from group discussions (GD), camera recordings (CR) and Google Forms’ spreadsheet
responses (SR) of the preservice elementary teachers, the support of mobile devices in doing two laboratory practices was analyzed. Their verbal statements, and behaviors converted into a written format, and each participant
was coded with a specific number (Student 6-G.D. - statement comes from group discussion). The two activities
emphasize the solution of much-debated daily issue – determining the quality of drinking water. Both of them
have the unique analysis techniques, which they are relatively difficult to complete without guidance. And also
pre-service teachers were not familiar with that kind of practices, but they were not reluctant to the practices.
They completed both of the activities at the same time, and they also determined one bottle as drinkable water
according to their experiments.
Process Skills of Students Used
The practices contain a broad coverage of the process skills observed to have been used by the pre-service
teachers (basic and integrated process skills). While some of the skills were directly associated with the experimental
or laboratory practices, some of them were supported by mobile learning. For this reason, the data analyzed firstly
based on codes determining which skills come to the fore. The model obtained with the NVivo 8 qualitative analysis
program to show actual states of the process skills in the practices is presented in Figure 2.
In the model presented below, the level of use of skills is specific to these practices and it is seen that some
skills are used in more concentrated fashion. Showing or expressing of every piece of skills in behavior is limited,
but determining the overall state of skills gives an idea about the practices. As indicated in Figure 2, identified
skills come from different sources (S) and different references (Ref.). In the analyses, same of the references indicate
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more than one skill, so same reference sentence used for each skill. Another issue is that when the same skill comes
from different sources, the most obvious one was preferred for coding. Actually, pre-service teachers used mainly
measuring, observing, identifying and controlling variables, interpreting data, classifying, and experimenting skills.
The unexpected result does not exist for students in that laboratory practice. Because both activities are organized
in the structured way of understanding and guided strictly, and the points guided by mobile devices are associated
with the outstanding skills in the model.

Inferring
S. 3 Ref.3

Ident. &
Cont.
Variables
S. 6 Ref.7

Controlling
S. 1 Ref.1

Identifying
S. 6 Ref.6

Classifying
S. 6 Ref.6

Formulating
and Testing
Hypothesis
S. 4 Ref.5

Measuring
S. 10
Ref.13

Interpreting
Data
S. 6 Ref.9

Predicting
S. 2 Ref.2

Basic
Processes
S. 13
Ref. 31

Integrated
Processes
S. 10
Ref. 28

Experimenting
S. 5 Ref.6

Observing
S. 7 Ref.9

Defining
Operationaly
S.4 Ref.6

Comunicating
S. 3 Ref.5

Constructing
Models
S. 0 Ref.0

Figure
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compound deeply. The role of mobile devices is that creating an environment conducive to
observation was created to facilitate the pre-service teachers' answering the question "Which water
can we drink?". In Table 3 shows sample responses about the support of mobile devices that they
make some characteristics of waters observable.
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Source
Student 6-G.D

Reference
I looked at the values written on the bottled water that I

1

Codes
Identifies objects
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Table 3. 	The support of mobile devices to enhance observation.
Source

Reference

Codes

Student 6-G.D

I looked at the values written on the bottled water that I look at and drink every day
for the first time.1 This was the first time I was trying to explain something that I didn’t
know anything about... Because the results were concrete2, I can say the measured3
values were quite reliable...

1

Student 5 - C.R.

For a week now, I’ve been looking at the conductivity property of the water that I
drink every day, which I had never looked at before. The water comes from different
sources and has different tastes1 but they’re all the same (the value shown on the
label); I think they’ve all printed the label without analyzing it...2 (italics added)

1

Uses more than one sense

2

Describes changes in objects

The student got up from his place to see whether the result he arrived at conformed
to the real value on the bottle; he looked at the label to see whether the conductivity
values written on the bottle were the same as his own results…

Provides quantitative observations

Student 5 - C.R.

Identifies objects
Describes properties accurately
3
Provides quantitative observations
2

The ideas expressed that they are able to use technology to make objects that cannot be perceived by the
senses become observable. The phenomenon here that is the object of the observation was the water he drank
every day, a phenomenon right out of his own daily life. Although, the system support provided over mobile devices
does not directly guide the participants in using classifying skills, they helped for the instructor to know how each
one classify the waters as more drinkable and less drinkable both at the beginning and at the end of the practices.
Some sample responses are shown in Table 4.
Table 4. 	The data on classification skills.
Source
Student 3 - G.D.

Reference
Actually there are more ions in drinking water than in pure water. But mineral water has
even more ions than water.1 That’s why we think that mineral water is more drinkable.2

Codes
1
Identifies major properties by
which objects can be sorted
2

Student 5 - C.R.

According to this, because mineral water has the highest number of ions, or has the
most ions1, its electrical conductivity is greater and that’s why we should drink mineral
water.2 Let’s first measure pure water, then bottled and mineral water (puts them in a
row on the table)… (italics added)

Establishes own sorting criteria

Identifies major properties by
which objects can be sorted
1

2

Establishes own sorting criteria

Mobile devices introduce many innovations in enhancing process skills, especially communicating skills.
The use of the wireless internet completely opened the doors of the classroom to the scientific knowledge. In
addition to allowing the participants to access scientific information over the Internet, the transfer of their ideas
to the outside world was also achieved. In particular, the reported statements of the pre-service teachers on the
spreadsheet indicated that the classroom applications had made it possible for them to access information and
effectively transmit this information to their peers. A related sample spreadsheet response is shown in Table 5.
Table 5. 	Spreadsheet response on communication skills.
Source
S.R.

Reference

Codes

This is 5.5 - 8.5 in drinking water (scientific pH rates of drinking water).1 This information is from the Ministry (X) project. We believe that this is a reliable piece of information because it was obtained from a research by experts in a laboratory setting. (italics
added, and X – removed name)

1
Formulates reasonable and logical
arguments to justify explanations and
conclusions

Mainly, looking at the answers on the Google Forms spreadsheets during the practices provided the instructor
and participants with an opportunity for articulation and reflection on the lesson. For example, at the beginning
of the pH practices, three participants thought that acids burn and fuse everything, two of them thought that all
acids are harmful and poisoned, and two of them thought that when the pH level increases, acidic level is increased.
These are well-known misconceptions in chemistry, and easily determined at the beginning of the practices. It
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would be almost impossible for the learner and teacher to access anonymously other thoughts in such a short
time in the environment where there is no technology.
The conductivity and pH meter sensing probes used in the practices encourage students to employ evidencebased inquiry. The technologies can turn an ordinary classroom into a laboratory. The pre-service teachers were
able to work with the mobile devices to carry out an analysis of conductivity and pH that would not be possible
without technology. In fact, that the student could arrive at the values specified on the label of a purchased bottle
of water was an important source of motivation. Some data on measuring skills and the support of mobile devices
are shown in Table 6.
Table 6. 	Reference data on measurement skills and the support of mobile device.
Source

Reference

Codes

Student 5 - G.D.

At first it was as if the values were being calculated with more sophisticated instruments but the instrument is really very simple and it’s doable (analyses-measurements). (Italics added)

Applies measurement techniques
appropriately,

S.R.

The conductivity of drinking water must be between 50-1500 mS. We measured it to be
588.3 mS1, the value the company gives is 188.1 mS. When the bottle gets into contact
with the air, the water gets dirty and its conductivity increases. We obtained a very
different result from what we measured. We should drink bottled water because there
is a huge difference between the value they give and the value we found (They found
correct value, but they forgot the distance between plates).2 (Italics added)

1
Uses measurements as evidence,
uses measurements to help explain
conclusions

We used the pH meter for the first time. We learned what the range of the pH for water
was. We can look for the pH value in the other beverages we drink in our daily life to
see whether they’re healthy. The use of the pH meter 1 and measuring the pH value
were topics we had had no experience with before. We can now look to see at what
intervals the drinking water on the market is checked and how reliable the pH value is.

1
Applies measurement techniques
appropriately,

S.R.

2
Uses measurement instruments
properly

In the applications, the YouTube videos added to the Google Forms were used to guide the pre-service teachers
in appropriately using the mobile sensing probes and honing their skills in learning about the technical information
specific to a measuring device, appropriately expressing the measurement digitally in suitable units and learning
reporting techniques. It can be seen that the pre-service teachers, in keeping with the nature of measuring, compared an unknown magnitude (conductivity) with a known magnitude (voltage, current and distance), used the
units correctly and successfully tried to report the results of the measurements. Even though when writing down
their statements, they read the results of the measurements correctly, they made a mistake in calculating the value
of the surface of the water but this calculation error was realized in the discussions. The system support allowed
the instructor observing their all practice process, therefore the instructor easily determined where they made a
mistake. In addition, it was seen that the pre-service teachers were able to convert the units measured using the
unit conversion apps added to the Google Forms and to produce an acceptable report.
In the practices, the pre-service teachers frequently remarked that they were working and feeling like scientists. Beyond basic skills, the scientific knowledge they generated necessitated the use of higher order skills. Using
mobile devices provoke them into the reaching all variables to design their experiments and test their predictions.
Without using technology, it is not possible that the participants identify all variables (temperature, color, mistiness, smell, electrical conductivity, pH value, taste, hardness analysis, fluorine analysis, and the salt) and also their
reference rates to test waters. Therefore, mobile devices support them in identifying and controlling variables.
Some reference ideas related to these skills are shown in Table 7.
Table 7. 	The roles of mobile devices on identifying and controlling variables in the practices.
Source
Student 7 - C.R.

Reference response
Found the criteria for determining water quality from among the pdf files1, told the
group that these criteria were related to their question and asked them: “To what
degree of color is water still drinkable?” This question implied that color too was a
variable.

Codes
1
Identifies factors that might affect the
outcome of an experiment
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Reference response

Codes

In the beginning, we determined the variables that indicate whether water is drinkable or not--factors such as the clarity of the water, its temperature, color, mistiness,
smell, electrical conductivity, pH value, taste, hardness analysis, fluorine analysis,
the salt content.

Identifies factors that might affect the
outcome of an experiment

Mobile devices gave instructor a feedback about participants’ predictions and how they formulate experiment
hypothesis in the practices. Thanks to mobile devices, determining all the variables related to the quality of the
water was helpful to them in formulating their hypotheses. Sample references about this skill reported by mobile
devices, and ideas from group discussion are shown in Table 8.
Table 8. 	Ideas on how the hypothesis formulated in the practices.
Source

Reference response

Codes

S.R.

Electrical conductivity and the water quality are directly proportionate; pure water
won’t conduct electricity because it has no dissolved minerals and so that’s why
mineral water is the highest quality.

Constructs a hypothesis when given a
problem or question

Student 3 - G.D

I knew that pure water did not conduct electricity and I knew that fountain water
contained dissolved minerals but I didn’t know how far I could go with this. I couldn’t
decide whether it would be good if they were dissolved or how much they should
be dissolved.1 I thought that the relationship would be proportionate so I started to
test it. First I decided which one would be more suitable for drinking and determined
which one I should choose; then we tested it2.

1
Suggests several plausible hypotheses to explain observed situations
2
Develops ways of testing hypotheses

The pre-service teachers were considerably successful in using mobile devices to interpret the data. They
systematically reported their findings during the tests, and tried the measurement again and again in a short time.
This gave them persuasive results, and they also found reliable sources to interpret these results. It was seen that
the students set forth their reasons and references in the Google Forms and interpreted the results. Some references on how they interpret their experimental results are shown in Table 9.
Table 9.

Pre-service teachers’ interpretations of data to determine water quality.

Source

Reference

Codes

Student 1 - G.D.

I wasn’t waiting for a result like this. There was a big difference between what was
written on the water label and what we measured, but in the end, the water turned
out to be in the range of being drinkable.

Collects data that is useable as
evidence

S.R.

We think that No. 3 is drinkable; the acidic value of the first and second water is
higher1 and therefore they are not drinkable.

1
Collects data that is useable as
evidence

S.R.

Because the water in the first bottle is too acidic, it would be harmful for our bodies
and it would reduce the pH in the environment. Even though the second bottle is
close to the ideal, it is still more alkaline than ideal water. Because the third bottle is
considerably alkaline, it would increase the pH of the environment and the balance
would be broken again. The water that is closest to the ideal is bottle No. 2 and so it
is the most drinkable water, but its pH is not very reliable on the other hand.1

1

Makes valid interpretations of data

As shown in the images in Table 1, they can write their ideas as an open-ended in a paragraph by mobile
devices. These parts of the system supported their definitional skills. In Table 10, it is seen that they displayed these
skills in their concluding paragraphs. They are beyond interpretation and related to what they observed, how they
expressed what was measured and their thinking processes in doing this in terms of making a comparison with
present scientific knowledge:
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Table 10. 	Sample paragraphs from spreadsheet responses about the skills of defining operationally.
Source

Reference response

Codes

S.R.

Based on our data, we believe that drinking mineral water is better. This is because
mineral water is rich in dissolved minerals and based on the theoretical knowledge
that pure water is not a conductor of electricity, we decided on mineral water. There
are no dissolved ions in pure water and so from this perspective, mineral water is
better.

Verbalizes congruence between
operational definition and the variable
to be measured

S.R.

The conductivity of drinking water should be 50-1500 mS. The value we measured
was 588.3 mS. The value the company gives is 188.1 mS; we arrived at a result that
is very different from what we measured. It could be because the water is in a plastic
container or otherwise, we might have made a mistake in measuring.

Verbalizes congruence between
operational definition and the variable
to be measured

Discussion
In this research, supports of mobile devices for students’ inquiry process are discussed with two laboratory
practices. Without any support with technology, doing above mentioned activities are quite complicated with preservice teachers. In practices, supports can be given by a variety of sources – by teacher, by curriculum materials,
by technology, and by peers (Krajcik, Blumenfeld, Marx, & Soloway, 2000). The mobile devices used in practices
largely support inquiry. According to the findings, the pre-service teachers were at first inexperienced during the
practices in terms of background knowledge (water quality criteria, conductivity and pH value criteria, etc.) and
skills (using measuring tools, mobile devices, etc.). In previous studies where inquiry had been integrated with
technology, it was reported that students could have difficulties related to background knowledge and the accessibility of investigation techniques (Edelson, Gordon & Pea, 1999). In the present research, by accessing the scientific
information on water quality via Google Forms, they were able to overcome these handicaps. They used the same
platform to watch YouTube videos and photographs to learn about conductivity and the use of pH meter measuring tools as they employed conversion systems and units they had never had experience with before. The current
Next Generation Science Standards (NGSS) uses the word “practices” in place of “skills” and underlines that each
application that students will be asked to work on will require its own unique set of knowledge and skills (NRC,
2015). In this sense, with these types of applications, it is of the greatest importance that the support provided to
students in the way of knowledge and skills is integrated with the particular subject matter. In this context, many
Web 2.0 tools such as social networks, photos, search engines, visualizations play an important role in integrating via mobile devices on the single interface of Google forms. Crippen & Archambault (2012) stress that in STEM
applications, besides gaining process skills, students must be given the skills to use the web. When the instructor
makes use of these technologies in applications, the learning environment is integrated through the many digital
tools that are brought together to help teach the subject at hand. Also, considering the time that it would take for
students to access these instruments one by one on the digital medium, it is clearly evident how time-effective
these applications are. According to Presky (2001), the students of today who are digital natives prefer parallel processes, multitasking, reaching information rapidly, reading visually rather than in writing and do not take pleasure
out of slow-moving, step-by-step, “one thing at a time”, individual technology. In the applications, the pre-service
teachers worked in full cooperation, with one of them searching the Internet for scientific information, another
making predictions about the subject, and still another writing these thoughts down in Google Forms via mobile
devices. Thus, a lot of work was completed in a very short time, all for a single common goal.
The results of the research contain a broad coverage of the process skills observed to have been used by the
pre-service teachers (basic and integrated process skills). There are two main reasons for this. The first reason is to
be able to determine how much the application carried out by the pre-service teachers was in conformity with
the nature of inquiry. That the pre-service teachers used scientific processes in their applications indicates that
they were in the process of generating scientific ideas and engaged in the process of inquiry (Martin, Jean-Sigur,
& Schmidt, 2005). Process skills develop in students at early ages and within a determined time frame. Once these
skills are attained, however, they can be used whenever the need arises. For this reason, in this research carried out
with pre-service teachers, the focus was not on their developing the necessary skills but rather on the extent of
what these skills encompassed. Secondly, to better understand the enhancement of these process skills, it would
be useful to identify the contribution of Google Forms to these skills and to mobile devices by offering interface
support. The unexpected result does not exist for students’ inquiry practices. In previous studies, mobile devices
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were used as a tool support carrying out investigation, using mathematic and computational thinking, and obtaining, evaluating, communicating information (Wilson, Goodman, Bradbury, & Gross, 2013). While the pre-service
teachers used their mobile devices in the applications, they used the conductivity and pH meter sensor probes
in their measuring. Using the sensor probes and the user-friendly interfaces allowed the pre-service teachers to
carry out two applications that they would not have been able to do without this available technology, all in the
space of a short class hour. In this process, the pre-service teachers obtained simultaneous and real data and were
able to record it in the system digitally using the appropriate units. In both applications, mobile devices simplified
(not easier) the subject, a factor that is many times neglected in inquiry. Thanks to these tools, the pre-service
teachers performed the same measuring operations that scientists do, following the same investigatory process,
succeeding in using their skill to access information, make predictions and explain and reach a successful inquiry,
in other words, arriving at the level of testing, comparing and interpreting, all in the space of one short class hour.
Being able to complete the measuring and interpretation processes in such a short time, encouraged discussion
and new investigation. As a matter of fact, NGSS recommends that classroom applications reach beyond inquiry
to a higher dimension, that is, the dimension of designing for engineering (NRC 2015).
On the other hand, the Google Forms that provide interface support for mobile devices, as well as the question
items, offer students an integrated environment of both content knowledge and process skills. Using this type
of interface in an activity offers teachers and students user-generate content, usability and interoperability. This
way, individuals distancing themselves from technology due to language problems, curriculum differences, the
instructor’s approach to inquiry no longer pose problems. For example, prior to each activity, the students were
asked a few questions in their own language about certain misconceptions. Using these applications at the beginning of class is invaluable for a teacher who would like to evaluate the background knowledge of the students.
Although the applications contained no information about conductivity or the use of pH probes, the support given
by the system helped the students shorten their data collection times and provided them with rapid access to the
information, thus giving them more time to interpret and evaluate. Because the applications necessitate a great
many tasks, this stimulates conversations among group members, encourages them to look at data critically and
collaboratively and revise their questions to be more comprehensive.
The field literature emphasizes the need to support students with technology to help them with articulation
and reflection (Quintana, Reiser, Davis, Krajcik, Fretz, & Duncan, 2009). Combining digital content with Google
Forms allowed the ideas of pre-service teachers to be recorded on the digital medium after the applications. When
students’ ideas are recorded on the digital medium in this way, all of the students are able to see all the ideas
simultaneously at the end of the activity. Thus, a great many arguments and graphs appear on which to stage a
discussion and evaluation. In this process, when the instructor makes a general evaluation, this makes it possible
for the pre-service teachers to review the results and rethink the entire investigation. The general misconceptions,
joint ideas in the classroom, the consistency of the results, the evaluation of different ideas about the activity after
it is over, reach the instructor as feedback as to what has been learned and the process skills that were used in the
learning. This application at the same time largely supports the approach of evaluation through “doing science”
using process skills (Gobert, Sao Pedro, Raziuddin, & Baker, 2013).
Another purpose of focusing on process skills is to understand how much the technological integration is in
line with the theoretical ideas portrayed in the literature. The term “scaffolding” has been frequently used to express
the support given to the technology-based inquiry process (e.g., Crippen & Archambault, (2012); Raes, Schellens,
De Wever, Vanderhoven, (2012); Kim & Hannafin, (2011), et alia). One of the scaffolding headings determined by
Quintana et alia (2009) support students in the form of skills (e.g., generating hypotheses, designing comparisons,
collecting observations, analyzing data, and constructing interpretations, etc.). For this reason, in our applications,
the pre-service teachers used mobile devices (tablets, smartphones, sensor probes) to support their process skills
in the topics of ion amounts and degree of acidity.
When the practices are considered in terms of inquiry, these technologies act as an additional and secondary
guide to promote inquiry. This signals the level of practices that is called guided inquiry in the literature. In the
research, it was observed that the pre-service teachers were unable to rise to the constructing model’s process
skill. In this sense, the level of support provided by technology should be well planned. Similar situations can be
seen in other applications on process skills in the literature as well. In general, rather than becoming more structured, applications are gradually reducing the software support and converting these forms into less structured
materials which students can use to carry out their investigations independently (Kuhn & Pease, 2008). Although
the applications did not rise to the open inquiry level, it was seen that the pre-service teachers were successful
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in doing many things under the guidance of technology that they would not have been able to do alone or led
by the teacher. Lastly, it must clearly be stated that adapting technology to the classroom not only facilitates the
work of the instructor but is also a requirement. Although the focus of this research was the process skills of the
pre-service teachers, it must be said that it would have been hard to reach the desired goal with these applications if it had not been for the serious support, level of knowledge and experience of the instructor in the system
preparation stage.
Conclusions
This research discussed the support of mobile learning into two inquiry based laboratory practices. In both
activities, the practices supported via Google Spreadsheets, mobile devices, and sensor probes. The main attention of the research was how to enhance science process skills with these tools. That the pre-service teachers used
scientific processes in their laboratory practices indicates that they were in the process of generating scientific ideas
and engaging in the process of inquiry. This is an important role of the laboratory practices indicated in pre-service
teacher education curriculums. It was seen in the overall analysis of process skills that the pre-service teachers
successfully employed their skills of observing, measuring, identifying variables and interpreting data.
The technology used in the practices and the support given in terms of knowledge and skills were integrated
with the topic. The topic and the practices became more meaningful for the pre-service teachers because of the
association made with their daily living, the things they were curious about and because it was an activity that
arose out of their own needs. This could be also stem from their expectations from science teacher education.
The practices also responded to the learning processes and expectations of today’s digital natives, the pre-service
teachers, going beyond the classic classroom lesson or laboratory practice. In practices, besides simplifying the
students’ experiment process, the support of the mobile devices and interface also simplified the procedure itself. Thus, while doing science, they did get lost in a set of comprehensive experimental processes. Google Form
Spreadsheets add-on mobile devices and question items offered interface support and provided the students
with an integrated environment. Their simultaneous and real-time measuring with sensor probes support gave
their experience in learning about measuring instruments and techniques, expressing measurements digitally
with appropriate units using reporting techniques. And also, the use of mobile devices acts as a secondary additional guidance to the practices. They were able to complete the practices in the short span of a classroom hour,
something they could not have done without the technology. Recording their ideas in the digital medium gives
the instructor and the students the opportunity to carry out simultaneous articulation and reflection on their
misconceptions, common ideas, the consistency of their measuring results, and their learning about the different
ideas set forth in the activity.
Further Implications
For further researches, it is planned that more informal non-classroom approaches will be integrated with
different subjects. In-service teachers will play a major role in ensuring that these types of practices are made more
widespread. In particular, in-service teachers who have an affinity for technology, it is planned, will be training
instructors in the use of these technologies.
The fact that the pre-service teachers were unable to rise to the level of constructing models in the activities
that were prepared encourages us to focus in later studies on incorporating mobile devices into applications. The
pre-service teachers were predominantly focused on the investigation processes in the activities and they were not
expected to create an artifact but it is believed that in more advanced studies, web tools can be used to portray
their understanding. Thus, by making use of texts, digital pictures, movies, graphs and other tools, students may
be encouraged to articulate and reflect more in the learning process.
References
Ahmed, S., & Parsons, D. (2013). Abductive science inquiry using mobile devices in the classroom. Computers and Education, 63,
62–72. http://doi.org/10.1016/j.compedu.2012.11.017
Ambient Insight Research. (2015). 2015 Learning technology research taxonomy. Retrieved July 8, 2015, from http://www.ambientinsight.com/Resources/Documents/AmbientInsight_Learning_Technology_Taxonomy.pdf

229

Journal of Baltic Science Education, Vol. 15, No. 2, 2016
Supporting inquiry based laboratory practices with mobile learning to enhance
students’ process skills in science education
(P. 216-231)

ISSN 1648–3898

Archambault, L., Tsai, W. T., & Crippen, K. (2011). Exploring cyberlearning: Inquiry-based mashups combining computer science
with STEM. In M. Koehler & P. Mishra (Eds.), Proceedings of Society for Information Technology & Teacher Education International
Conference 2011 (pp. 3867-3874). Chesapeake, VA: Association for the Advancement of Computing in Education (AACE).
Retrieved July 7, 2015 from http://www.editlib.org/p/36935.
Bennett, S., Maton, K., & Kervin, L. (2008). The “digital natives” debate: A critical review of the evidence. British Journal of Educational Technology, 39 (5), 775–786. http://doi.org/10.1111/j.1467-8535.2007.00793.x
Chiang, T. H. C., Yang, S. J. H., & Hwang, G. J. (2014). An augmented reality-based mobile learning system to improve students’ learning achievements and motivations in natural science inquiry activities. Educational Technology & Society, 17 (4), 352–365.
Cramér, H. (1999). Mathematical methods of statistics. Princeton landmarks in mathematics and physics. Princeton: Princeton
University Press.
Crippen, K. J., & Archambault, L. (2012). Scaffolded Inquiry-Based Instruction with Technology: A signature pedagogy for STEM
education. Computers in the Schools, 29 (1-2), 157–173. http://doi.org/10.1080/07380569.2012.658733
Dangwal, R., Jha, S., Chatterjee, S., & Mitra, S. (2005). A model of how children acquire computing skills from hole-in-thewall computers in public places. Information Technologies and International Development, 2 (4), 41–60. http://doi.
org/10.1162/154475205775249319
Edelson, D. C., Gordin, D. N., & Pea, R. D. (1999). Addressing the challenges of inquiry-based learning through technology and
curriculum design. Journal of the Learning Sciences, 8 (3-4), 391–450. http://doi.org/10.1080/10508406.1999.9672075
Edelson, D. C., Pea, R. D., & Gomez, L. (1996). Constructivism in the collaboratory. In B. G. Wilson (Ed.), Constructivist learning environments: Case studies in instructional design (pp. 151-164). Englewood Cliffs, NJ: Educational Technology Publications.
Finkelstein, A., Winer, L., Buddle, C. M., & Ernst, C. M. (2013). Tablets in the forest: Mobile technology for inquiry-based learning.
EDUCAUSE Review Online. Retrieved from http://www.educause.edu/ero/article/tablets-forest-mobile-technology-inquirybasedlearning
Gobert, J. D., Sao Pedro, M., Raziuddin, J., & Baker, R. S. J. D. (2013). From log files to assessment metrics: Measuring students’
science inquiry skills using educational data mining. Journal of the Learning Sciences, 22 (4), 521–563. http://doi.org/10.1
080/10508406.2013.837391
Harlen, W. (2014). Helping children’s development of inquiry skills. Inquiry in Primary Science Education (IPSE), 1, 5-19.
Hung, P. H., Hwang, G. J., Lin, Y. F., Wu, T. H., & Su, I. H. (2013). Seamless connection between learning and assessmentapplying
progressive learning tasks in mobile ecology inquiry. Educational Technology & Society, 16 (1), 194-205.
Jones, A. C., Scanlon, E., & Clough, G. (2013). Mobile learning: Two case studies of supporting inquiry learning in informal and
semiformal settings. Computers and Education, 61 (1), 21–32. http://doi.org/10.1016/j.compedu.2012.08.008
Kim, M. C., & Hannafin, M. J. (2011). Scaffolding 6th graders’ problem solving in technology-enhanced science classrooms: A
qualitative case study. Instructional Science, 39 (3), 255–282. http://doi.org/10.1007/s11251-010-9127-4
Krajcik, J. S., Blumenfeld, P., Marx, R. W., & Soloway, E. (2000). Instructional, curricular, and technological supports for inquiry in
science classrooms. In J. Minstrell & E.H.v. Zee (Eds.), Inquiring into inquiry learning and teaching in science (pp. 283–315).
Washington, DC: American Association for the Advancement of Science.
Kuhn, D., & Pease, M. (2008). What Needs to Develop in the Development of Inquiry Skills? Cognition and Instruction, 26 (4),
512–559. http://doi.org/10.1080/07370000802391745
Lamb, B. (2007). Dr. Mashup; or, Why Educators Should Learn to Stop Worrying and Love the Remix. Educause Review, 42(4),
12–25. Retrieved from http://www.educause.edu/apps/er/erm07/erm0740.asp?bhcp=1
Lui, M., Kuhn, A., Acosta, A., Niño-Soto, M. I., Quintana, C., & Slotta, J. D. (2014). Using Mobile Tools in Immersive Environments
to Support Science Inquiry. In CHI ’14 Extended Abstracts on Human Factors in Computing Systems (pp. 403–406). New York,
NY, USA: ACM. http://doi.org/10.1145/2559206.2574796
Martin, D. J., Jean-Sigur, R., & Schmidt, E. (2005). Process-oriented inquiry - A constructivist approach to early childhood science
education: Teaching teachers to do science. Journal of Elementary Science Education, 17 (2), 13–26. http://doi.org/10.1007/
BF03174678
Martin, F., & Ertzberger, J. (2013). Here and now mobile learning: An experimental study on the use of mobile technology. Computers and Education, 68, 76–85. http://doi.org/10.1016/j.compedu.2013.04.021
Marty, P. F., Alemanne, N. D., Mendenhall, A., Maurya, M., Southerland, S. A., Sampson, V., … Schellinger, J. (2013). Scientific inquiry,
digital literacy, and mobile computing in informal learning environments. Learning, Media and Technology, 38 (4), 407–428.
http://doi.org/10.1080/17439884.2013.783596
Mitra, S., & Dangwal, R. (2010). Limits to self-organising systems of learning - The Kalikuppam experiment. British Journal of
Educational Technology, 41 (5), 672–688. http://doi.org/10.1111/j.1467-8535.2010.01077.x
National Research Council. (2015). Guide to Implementing the Next Generation Science Standards (pp. 3-4). Washington, DC:
National Academies Press. http://www.nap.edu/catalog/18802/guide-to-implementing-the-next-generation-sciencestandards
Novak, A., & Krajick, J. (2006). Using technology to support inquiry in middle school science. Scientific Inquiry and Nature of Science. In Flick, L. B., & Lederman, N. G. (Eds.), Scientific Inquiry and Nature of Science (Vol. 25, 301-317). Dordrecht: Springer
Netherlands. http://doi.org/10.1007/978-1-4020-5814-1
Plutchak, J., S. Hall, D. Wojtowicz, M. Sridhar, Ramamurthy, M., & Wilhelmson, R. (1998). Weather World 2010, 1998: A customizable,
user-oriented WWW site, Preprints, 14th International Conference on Interactive Information Processing Systems, Phoenix,
Arizona.

230

Journal of Baltic Science Education, Vol. 15, No. 2, 2016

ISSN 1648–3898

Supporting inquiry based laboratory practices with mobile learning to enhance
students’ process skills in science education
(P. 216-231)

Pre n s k y, M . ( 2 0 0 1 ) . D i gi t a l n at i ve s, d i gi t a l i m m i gra nt s. From On the Horizon, 9 ( 5 ) , 1 – 6 . ht t p : / / d o i .
org/10.1108/10748120110424816
Quintana, C., Reiser, B. J., Davis, E. a, Krajcik, J., Fretz, E., & Duncan, R. G. (2009). A Scaffolding Design Framework for Software to
Support Science Inquiry. Journal of the Learning Sciences, (May 2014), 37–41. http://doi.org/10.1207/s15327809jls1303
Raes, A., Schellens, T., De Wever, B., & Vanderhoven, E. (2012). Scaffolding information problem solving in web-based collaborative
inquiry learning. Computers and Education, 59 (1), 82–94. http://doi.org/10.1016/j.compedu.2011.11.010
Rock, B. N., Blackwell, T. R., Miller, D., & Hardison, A. (1997). The GLOBE program: A model for international environmental education. In K. C. Cohen (Ed.), Internet Links for Science Education: Student-Scientist Partnerships. Plenum Press: New York, NY.
Song, Y. (2014). “Bring Your Own Device (BYOD)” for seamless science inquiry in a primary school. Computers & Education, 74,
50–60. http://doi.org/http://dx.doi.org/10.1016/j.compedu.2014.01.005
Toh, Y., So, H. J., Seow, P., Chen, W., & Looi, C. K. (2013). Seamless learning in the mobile age: A theoretical and methodological
discussion on using cooperative inquiry to study digital kids on-the-move. Learning, Media and Technology, 38 (3), 301–318.
http://doi.org/10.1080/17439884.2012.666250
Varma, K., & Linn, M. C. (2012). Using interactive technology to support students’ understanding of the greenhouse effect and
global warming. Journal of Science Education and Technology, 21 (4), 453–464. http://doi.org/10.1007/s10956-011-9337-9
Wallace, R., Soloway, E., Krajcik, J., Bos, N., Hoffman, J., Hunter, H. E., … Ronen, O. (1998). ARTEMIS: Learner-centered design
of an information seeking environment for K-12 education. In Conference on Human Factors in Computing Systems
- Proceedings (pp. 195–202). ACM. Retrieved from http://www.scopus.com/inward/record.url?eid=2-s2.0-0031632435&partnerID=tZOtx3y1
White, B. (1993). Thinker Tools: Causal models, conceptual change, and science education. Cognition and Instruction, 10 (1), 1–100.
http://doi.org/10.1207/s1532690xci1001
Wilson, R., Goodman, J., Bradbury, L., & Gross, L. (2013). Exploring the use of iPads to investigate forces and motion in an elementary science methods course. Contemporary Issues in Technology and Teacher Education, 13 (2), 105-126.
Wong, L. H., & Looi, C. K. (2011). What seams do we remove in mobile-assisted seamless learning? A critical review of the literature.
Computers & Education, 57 (4), 2364–2381. http://doi.org/http://dx.doi.org/10.1016/j.compedu.2011.06.007
Zhang, B., Looi, C. K., Seow, P., Chia, G., Wong, L. H., Chen, W., … Norris, C. (2010). Deconstructing and reconstructing: Transforming primary science learning via a mobilized curriculum. Computers & Education, 55 (4), 1504–1523. http://doi.org/http://
dx.doi.org/10.1016/j.compedu.2010.06.016
Zhang, M., & Quintana, C. (2012). Scaffolding strategies for supporting middle school students’ online inquiry processes. Computers and Education, 58 (1), 181–196. http://doi.org/10.1016/j.compedu.2011.07.016

Received: March 21, 2016

Sertac Arabacioglu

Ayse Oguz Unver

Accepted: April 27, 2016

MA. Research Asistant, Mugla Sitki Kocman University, Faculty of
Education, Science Education Department, Turkey.
E-mail: sertacarabacioglu@mu.edu.tr
Website: www.mubem.mu.edu.tr
http://www.mu.edu.tr/tr/personel/sertacarabacioglu
PhD. Professor, Mugla Sitki Kocman University, Faculty of Education,
Science Education Department, Turkey.
E-mail: ayseoguz@mu.edu.tr
Website: www.mubem.mu.edu.tr
http://www.mu.edu.tr/tr/personel/ayseoguz

231

