International Journal of Education
in Mathematics, Science and
Technology

ISSN: 2147-611X

To cite this article:

International Journal of Education
in Mathematics, Science and
Technology (LJEMST)

wWwWWw.ijemst.com

How Do Learner-Directed Scientific
Investigations Influence Students’
Questioning and Their Nature of Science
Conceptions?

Banu Avsar Erumit', Khadija E. Fouad?, Valarie L.
Akerson®

! Recep Tayyip Erdogan University

2 Appalachian State University

® Indiana University

Avsar Erumit, B., Fouad, K.E. & Akerson, V.L. (2019). How do learner-directed scientific
investigations influence students’ questioning and their nature of science conceptions?
International Journal of Education in Mathematics, Science and Technology (IJEMST),
7(1), 20-31. DOI:10.18404/ijemst.509246

copyright of the articles.

This article may be used for research, teaching, and private study purposes.

Any substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

Authors alone are responsible for the contents of their articles. The journal owns the
The publisher shall not be liable for any loss, actions, claims, proceedings, demand, or

costs or damages whatsoever or howsoever caused arising directly or indirectly in
connection with or arising out of the use of the research material.



http://www.ijemst.com/

International Journal of Education in Mathematics, Science and Technology
I ]E Volume 7, Number 1, 2019 DOI:10.18404/ijemst.509246

How Do Learner-Directed Scientific Investigations Influence Students’
Questioning and Their Nature of Science Conceptions?

Banu Avsar Erumit, Khadija E. Fouad & Valarie L. Akerson

Article Info Abstract

Article History Action research was conducted in two sections of a scientific inquiry class in a
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Received: for their investigations, identify emerging patterns regarding students’

10 September 2017 questioning, and determine students’ ability to transfer their nature of science

(NOS) understanding to a new scientific phenomenon. Participants included 28

’;‘;33?}?%18 non-science major freshmen and sophomores. Data sources included the
Earthworm Activity Field Guide, the post-reflection sheet, The Views of Nature
Keywords of Science Version B Questionnaire (VNOS-B), and audio recordings of small

group discussions when students were creating and selecting questions for the
first and the second investigations when they were in the field. Findings showed
that students improved their ability to ask more investigable and more specific
questions quest!on_s after conducting an investigation. Alsp, studer_1ts asked fev_ver
Typology of questions Qescrlptlvg and more cause-and-effect or pattern-seeking questions after the flrgt
NOS investigation. The results showed that students were able to apply their
understandings of NOS aspects to a new concept. However, some aspects were
addressed more than the others. Results suggest that giving students
opportunities to ask their own questions following their own interests improves
their ability to generate good investigable questions. The results also suggest that
reflecting on NOS aspects during content-related inquiry activities enhances
students’ NOS understandings.

Investigable questions
Non-investigable

Introduction

The ability to ask scientific questions and defining engineering problems is one of the eight practices as
emphasized by the Next Generation Science Standards (NGSS) (Practice 1, Appendix F, p. 1). This study aligns
with the recommendations of the NGSS that emphasize the importance of providing students opportunities in to
ask their own questions that lead to other science practices such as planning and carrying out investigations,
analyzing data, and constructing explanations (NGSS Lead States, 2013).

Testable questions that can be answered by designing and carrying out investigations are needed to be able to
successfully conduct investigations. If students do not start with an appropriate question, they will have
difficulty during the rest of their investigation unless they modify their questions and restart their investigations.
However, asking a new question and designing a new investigation can be a waste of time for students and
teachers. Also, an investigable question is not always a “good” investigable question. In other words, if an
investigable question is either too broad or lacks details, students are not able to take action on the question right
away.

The purpose of this study was to determine whether or not students asked more investigable and more specific
and detailed questions about earthworms after they were given opportunities to observe and investigate these
creatures in an environmentally based science unit. We also looked for evidence that they connected Nature of
Science (NOS) aspects to their scientific inquiry to see if they were able to transfer their NOS understanding to a
new scientific phenomenon. The research questions with regards to the purposes of the study were:

1. What types of questions do students in an introductory inquiry course generate for their first and
second earthworm-related investigations?
1a. How do the types of questions for the second investigations change after they observe and
investigate these creatures during the first investigations?
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1.b What roles do their first investigations play in the process of generating questions for their
second investigations?

2.  What are the differences between students’ questions that they generated for their first investigations,
for their second investigations, and for their future investigations?

3. How well are students able to identify and apply their NOS understanding in a new science context?

Literature Review

Scientific questions are important in guiding investigations and enabling students to experience inquiry. In
addition to the ability to raise scientific questions, students also need to be able to target and identify aspects of
nature of science (NOS). Additionally, the types of questions that students raise are important to consider. We
will explore background in these areas in the sections below.

Importance of Integrating NOS into Scientific Inquiry Activities

Although scientific inquiry and nature of science are related, they are not the same. Scientific inquiry refers to
the science processes including making observations, collecting and analyzing data, and constructing
explanations. On the other hand, NOS is related to the epistemology of science (Lederman, 2007). Literature
shows that integrating NOS into inquiry lessons is effective in developing students’ NOS views (Schwartz et al.,
2004).

Although there is not one single definition of NOS, philosophers, historians, and science educators agree on
common aspects of NOS. These aspects include: (1) scientific knowledge is tentative (subject to change in light
of new evidence), (2) scientific knowledge is empirically based (comes from observations of natural world), (3)
scientific knowledge is subjective (is theory-laden and influenced by personal experiences/biases, etc.), (4)
scientific knowledge involves human inference, creativity, and imagination, (5) scientific knowledge is socially
and culturally embedded (scientific knowledge is influenced from the cultures in which it is generated), (6) there
is a distinction between observations and inferences (observations are based on five senses; however, inferences
are not accessible to our five senses- inferences are explanations based on observations), (7) theories and laws
are different types of scientific knowledge; one does not become another and there is no hierarchy between them
(Lederman, 2007, p. 833-834). These aspects are still tentative, just like any other scientific knowledge.
Perceptions of NOS might also change in light of new scientific knowledge or new explanations of existing
knowledge (Lederman, 2007).

There are a variety of assessment tools that have been used to measure NOS understandings. Regardless of the
assessment tools used, the results of NOS studies show that students’ and teachers’ NOS views are not generally
at the adequate level (Lederman, 2007). Various approaches have been taken to help students develop their NOS
views. These approaches include historical, implicit, and explicit and reflective. The historical approach uses
history of science for enhancing students’ NOS views. The implicit approach employs inquiry- based hands-on
science activities to enhance students” NOS views without explicitly discussing NOS. The explicit and reflective
approach aims to explicitly refer to NOS aspects and reflect on these aspects in science lessons. In the explicit
and reflective approach, students are introduced to NOS aspects in science activities and they cognitively reflect
on the NOS aspects that they have used/experienced (Khishfe & Abd-El-Khalick, 2002). In the explicit and
reflective approach, NOS activities might be either integrated in science content (contextualized) or separate
NOS activities might be used to teach NOS aspects before integrating them in science content
(decontextualized) (Akerson et al., 2013, p.2).

The explicit and reflective approach seems to be effective at enhancing students’ NOS understanding (Akerson
et al., 2000; Khishfe & Abd-El-Khalick, 2002). For example, Khishfe and Abd-El-Khalick (2002) compared the
implicit approach to the explicit and reflective approach for influencing six graders’ NOS views. In this study,
students in the implicit group engaged in the same scientific inquiry activities that the students in the explicit
and reflective group did. The only difference was that students in the explicit and reflective group explicitly
analyzed and reflected on NOS aspects that they used in the activities. The results showed that students in the
explicit and reflective group had more informed views of NOS as compared to their initial NOS views. On the
other hand, students’ NOS views in the implicit group did not differ at the end of the study.
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In another study, Akerson, Abd-EI-Khalick, and Lederman (2000) examined the effectiveness of the explicit and
reflective approach in developing NOS views of pre-service elementary teachers enrolled in two sections of a
science-methods course (one undergraduate, one graduate course). The post-instruction data analysis showed
that the explicit and reflective approach was effective for enhancing students’ NOS views. Both undergraduate
and graduate students held more informed views of tentative NOS, observation and inference, creative and
imaginative NOS, and the difference and relationship between theories and laws. However, less improvement
was seen for subjective (theory-laden) NOS and social and cultural NOS aspects. The study showed that some
students still held naive views of some aspects of NOS after completing the course. The study supports the idea
that using a conceptual framework along with the explicit and reflective approach could help students to be
conscious of their own views and gain more desired understandings of NOS. Because the explicit-reflective
approach was shown to be an effective approach for developing students’ NOS views, we aimed to utilize this
approach in our unit. We contextualized NOS in an inquiry unit to assess students’ ability to apply their NOS
understanding in another context.

Students’ Questions in Science

Human beings are active learners and they start learning from their infancy. What they learn helps them make
sense of their environments. However, much of their learning is informal, which is quite different than
intentional or formal learning. Students begin school with prior conceptions about the natural world (Donovan
& Bransford, 2005). Some of these ideas are non-scientific (Harlen, 2001). Although preconceptions might be a
good foundation to grasp new knowledge, some of these prior conceptions (misconceptions) hinder learning
(Donovan & Bransford, 2005) and influence students’ attitudes toward science (Harlen, 2001). School science
should provide opportunities for students to test their ideas and revise or reject their prior non-scientific ideas
(Harlen, 2001).

Students’ questions either reveal a gap in knowledge or a desire to enhance their existing knowledge. Students
become conscious of their understanding when they ask questions (Chin & Osborne, 2008). Student questions
not only enable them to understand their knowledge but also enable science teachers to recognize where their
students stand on their understandings of scientific concepts being taught (Chin & Brown, 2002; Chin & Chia,
2002; Chin & Osborne, 2008).

Questions whose answers are unknown to the students and are practical to investigate are considered as
investigable questions (Chin, 2002). In other words, investigable questions enable students to collect and
analyze data and construct explanations. Scientists identify two major types of questions: “why” and “how”
questions. Although many students ask “why” questions, these questions cannot be answered through scientific
investigations (NRC, 2000) or should not be answered through scientific investigations (Harlen, 2001). “Why”
questions often require information that can be answered through outside resources. An investigable question
should be also appropriate in terms of availability of materials and time, and could be investigated now or in the
near future (Institute of Inquiry, 2006).

Chin (2002) identifies non-investigable questions as: “(a) basic information, (b) complex information, and (c)
philosophical or religious” questions. Basic information questions require very simple knowledge that might be
found in outside resources. For example, “What is a mirror made of?” is considered a basic question as it can be
answered through a textbook or Internet search. Complex questions require complex responses that cannot be
answered through scientific investigations. “Why” questions are typically considered as complex information
questions. For example, “Why are there rain and lightening, and what causes them?” is a complex question and
it goes beyond students’ ability to investigate. Philosophical questions cannot be even answered with science.
“Are there really ghosts on earth?” is an example of a philosophical question (Chin, 2002, p. 158).

Chin (2002) identifies investigable questions as: “(a) comparison (make-a-choice and classification), (b) cause-
and-effect, (c) prediction, (d) design-and-make, () exploratory, (f) descriptive, (g) pattern-seeking, (h) problem-
solving, and (i) validation of mental model” questions. Comparison questions either require making a selection
based on comparison of items (make-a-choice) or grouping things based on their features (classification).
“Which of these materials will float on water” is an example of a comparison (classification) question. Cause-
and-effect questions require finding out how one variable affects another variable. “How does temperature affect
the rate at which enzymes work?” is an example of a cause-and-effect question. Prediction questions require
finding out the relationship among variables and making predictions about the results. “What would happen if
[...?” or “What would be the effect of...?” are frames for asking prediction questions. Design-and-make
questions require designing something for a purpose. “How would I make an automated device that would clean
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used overhead transparencies as efficiently as possible?” is an example of a design-and-make question.
Exploratory questions require exploring correlations between cause and effect. However, the variables in
exploratory questions are not determined yet, unlike cause-and-effect questions. “What are some factors that
affect the growth of plants?” is an example of an exploratory question (Chin, 2002, p. 158-160).

Descriptive questions require students to monitor an organism, event, or an item carefully and generate a
description of that. Asking about the life cycle of an animal is a good example of a descriptive question. Pattern
seeking questions require students to investigate a natural biological phenomenon that cannot be investigated
through manipulating or controlling variables. “What is the relationship between the type of plants and where
they are found in the forest?” is an example of this type of questioning. The category of problem-solving
questions requires students to find a way to solve a problem. “Can you find a way...?” is an appropriate frame
for this kind of question. Validation of mental models questions require students to test whether their mental
models fit with evidence. “How can the transformation of energy be modeled using a series of concrete
materials?” is an example from this category (Chin, 2002, p. 160-161).

The literature shows that students do not always ask investigable questions (Chin, 2002; Chin & Kayalvizhi,
2002). However, researchers have found evidence that with proper guidance with a focus on how to ask
investigable questions, students are able to ask more investigable and less non-investigable questions. Schirripa
and Steiner (1999) examined the role of instruction on 8th grade students’ questioning skills. The instruction
included the definition and importance of investigable questions, and examples of such questions. The study
showed that students who received instruction on asking investigable questions and were provided with
examples were better able to ask such questions. The study of Chin and Kayalvizhi (2002) examined the types
of student questions in a 6th grade science class, which were written individually and as a group after the
students were shown examples of investigable questions. The results showed that students asked less non-
investigable and more investigable questions after this treatment. Other instruction methods are effective in
improving student questioning skills. Hofstein, Navon, Kipnis, and Mamlok-Naaman (2004) showed the
effectiveness of inquiry-based laboratory practices over traditional laboratory practices for improving 12th grade
high school students’ questioning skills. The students in the inquiry laboratory group asked more high-level
questions than students in the traditional-laboratory group. The study of Harris, Philips, and Penuel (2010)
showed that classroom discourse patterns between teachers and students are effective for the development of
students’ questions.

These studies demonstrate that there are teaching strategies that are effective in improving students’ questioning
skills. However, none of these studies has focused on the effect of a field trip consisting of going outside and
observing creatures in their natural setting on the quality of student questions. Considering this goal, this study
primarily focused on how going outside and investigating the density of earthworms in their natural setting was
effective in improving students’ subsequent questions about these creatures along with a discussion of emerging
patterns regarding students’ questioning. Another focus was to examine how this affected students’ nature of
science conceptions.

Methods

The study was conducted in two sections of a scientific inquiry class in a Midwestern university. The course
provided preservice elementary teachers with a background in the science process skills needed to complete
required science courses. The first author was the instructor of one of the sections, and the second author in
another. The participants of the study included 28 non-science major freshmen and sophomores: 15 students
from the first section and 13 students from the second section. Although there were about 40 students in both
sections, only 28 consented to participate in the study. Out of 28 students, 27 students were white and one
student was African-American. Age range of students was from 18-21, except for one female student who was
in her 40s. Four students were male while the rest of the students were female. The two sections received all the
same instruction but only differed in terms of instructor. Regardless of their decision for participation, all
students from the both sections engaged in the same activities throughout the semester. However, students who
declined to participate were excluded from the analysis.

Our research method followed that of an action-research approach and involved the use of multiple data sources.
Data sources included the Earthworm Activity Field Guide (See Appendix A), the post-reflection sheet (See
Appendix B for questions), The Views of Nature of Science Version B Questionnaire (VNOS-B) (Lederman,
Abd-El-Khalick, Bell, & Schwartz, 2002) (See Appendix C for questions), and audio recordings of small group
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discussions when students were creating and selecting questions for the first and the second investigation and
when they were in the field.

The data were collected during two-weeks of an environmental inquiry unit which was created by the first
author. The study was conducted near the end of the semester before students started to work on their final
inquiry projects. Before the unit began, students participated in various scientific inquiry activities, which
involved making observations, raising inquiry questions, collecting data, analyzing and interpreting data, and
communicating the results. In a previous lesson adopted from the Institute for Inquiry (2006), students engaged
in an activity that specifically focused on how to generate and refine questions for scientific investigations. In
that particular lesson, students interacted with ice balls and some other materials to generate questions. The aim
of the activity was to provide students an interesting phenomenon (ice balls) and have them generate questions
on this phenomenon. After generating questions, they sorted their questions and selected one question to
investigate. Reflecting on their experiences and examining prior questions enabled them to create criteria to
identify investigable questions and non-investigable questions. Then, they engaged in a whole class discussion
to finalize their thoughts on these two groups of questions.

After the discussions, students from both sections agreed that investigable questions lead them take action on
their investigations while non-investigable questions were either requesting more information or requiring
different kinds of materials to be able to investigate. From there, students developed criteria for investigable
questions in light of instructors’ facilitation. The criteria included availability of materials, availability of time to
investigate the question, questions being age appropriate and they lead one to take action. Also, instructors
discussed that some question types such as “why” questions requested more information or explanation so that
those questions did not lead to taking action for the investigations (Chin, 2002). Although the instructors did not
discuss all types of investigable questions that are discussed in the literature, they still discussed typical phrases
of investigable questions that can lead to action. Then, they discussed how students would turn their non-
investigable questions into investigable questions using a method called “turning questions” using a “variable
scan” (Institute for Inquiry, 2006).

Additionally, students were involved in NOS activities during the first two weeks of the course and discussed
NOS aspects after each inquiry activity. So, the investigators expected students to know aspects of NOS and to
be able to discuss them in the context of inquiry activities. Also, the investigators expected most students to be
able to ask investigable questions and to perform scientific inquiry to answer such questions. Thus, our aim in
this unit was not to teach them how to ask investigable questions and understand NOS aspects. Rather, we
aimed to understand how these students’ questions developed (or not) in an environmentally based inquiry unit.

Before the unit, the participants were asked to fill out the VNOS-B. On the first day, the instructors gave general
information about earthworms and their role in the environment. After the introduction, the participants were
told to ask individual investigable questions on the density of earthworms. There was no limit to the number of
questions they could generate. Then the participants were told to compile their questions with their group
members. They were directed to choose a question that they would like to investigate as a group. Before they
went outside, they were asked to plan out their investigation, which involved writing hypothesis, variables (if
applicable), constant, etc. Then, they went outside and chose a spot to investigate their questions. They were
asked to write down their observations about and sketch the area using the Smartphone applications Picture with
Words or PicSay, which allowed them to take a photo of the area and write down their observations and findings
on the picture. When they came back to the classroom, they were asked to analyze their data. They were told to
use either “Excel” or a smartphone application “Graph” to graph their data. As homework, they were asked to
read at least one resource on earthworms to use for writing up their investigation. When they came back on the
second day, they were given a chance to discuss their findings from the first investigation.

The second day was a repeat of the first day with new questions. Students were asked to create questions
individually and then choose one question as a group for their second investigation. They were told to carry out
the investigation. They were told to use the same procedure that they followed on the first day, which involved
planning out the investigation, going outside, finding an area to dig, making observations, collecting data, and
analyzing and interpreting data. On the third day, they made a poster with a scientific explanation of their
findings using either the Smartphone application, Popplet, or PowerPoint. Once they finished the poster, they
shared their findings with the whole class. On the fourth day, they filled out a Post-reflection sheet and the
VNOS-B. On the post-reflection, students were asked to generate 3 other questions on the density of
earthworms for their future investigations. These questions were coded as Future Investigations.
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Data Analysis

The questions written by the students from two sections were compiled and analyzed by the first and the second
author separately. Coding categories for the initial analysis were adopted from Chin (2002) and Institute for
Inquiry (2006). Based on this initial analysis, questions of the 1st day, 2nd day, and future investigations were
sorted as non-investigable and investigable. After the initial analysis, the first author identified and developed
two main categories for students’ investigable questions. These categories were (a) general (broad) and (b)
specific (detailed). Although some questions met the criteria for being investigable questions, these questions
were still broad and needed to be narrowed down in order to start the investigation.

Questions that were too broad and not time-, location-, or task-specific were categorized as general questions.
Questions which were more detailed, ready for action, and time, location, or task specific were categorized as
specific questions. In other words, specific questions enabled investigators to start the investigation without
narrowing down the question. During the second round of the analysis, investigable questions were also labeled
as general (broad) and specific (detailed). There was less than 5% difference between the first and the second
authors’ analyses of the type of the questions. During the third round of the analysis, the typology of
investigable questions were determined by the first and the second author. Types of investigable questions were
categorized by using the typology created by Chin (2002) that included “(a) comparison (make-a-choice and
classification), (b) cause-and-effect, (c) prediction, (d) design-and-make, (e) exploratory, (f) descriptive, (g)
pattern-seeking, (h) problem-solving, and (i) validation of mental model” questions. Examples of student
questions coded into categories we found are displayed in Table 3. Two investigators compared coding and
discrepancies were resolved through discussion and consultation with the data. After discussion, 100%
agreement was reached.

The rest of the post reflection questions were also analyzed and coded by the first author. After the analysis,
common themes were determined for each question based on the students’ responses. Appendix B shows
questions that we asked on the post-reflection. For example, question five asked if students modified their initial
question for the second day, and then to explain their reasoning. First, the percentages were taken for yes and no
responses. Then, common themes were identified for reasons why they did or did not change their questions
(See appendix B for all questions).

The pre and post VNOS-B were also analyzed and coded by the first author. We did not interview a subset of
the students about the questionnaire results as suggested by the VNOS developers. Instead, we asked an open-
ended question on the post-reflection sheet that asked about students’ reflections of NOS aspects that were
displayed in the unit. Students’ responses on that question were used to support VNOS-B results. That final
question asked students to name the NOS aspects displayed in the unit. Numbers were assigned to each aspect
to show how many students in total properly addressed each one.

Audio records of the groups’ brainstorming on possible investigation questions for the first and the second day
investigation were analyzed. Any noticeable pattern was recorded. Also, students’ audio records from the first
and the second field experiences were analyzed. Any pattern regarding questioning was recorded.

Results

The number and the percentages of investigable and non-investigable questions asked by students for the first
and the second investigation and a possible future investigation are summarized in Table 1. On the first day,
students generated investigable questions after receiving instructions about earthworms and their roles in the
environment and picked one question as a group for their investigations. These questions were coded under the
category of the first investigation. The second day was the replication of the first day except that the students
brought their experiences into play when generating new questions for their second investigations. Students’
questions on the second day were coded under the category of the second investigation. Students’ questions on
the post reflection handout were coded under the category of possible future investigation. As indicated earlier,
students were expected to be able to ask investigable questions. Nonetheless, some questions were still non-
investigable on the first day of investigation. For section 1, a total of 44 questions were asked for the first
investigation and 35 (80%) of these questions were investigable and 9 (20%) of these questions were non-
investigable. Similarly, in the second section, the majority of questions were investigable (84%) for the first
investigation. However, nine out of 58 questions were still nine non-investigable (16%).
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Although the number of non-investigable questions decreased for the second and future investigations, there
were still a few non-investigable questions. In the first section, out of a total of 28 questions for the first
investigation 26 (93%) of these questions were investigable and 2 (7%) were non-investigable. In the second
section, out of a total of 34 questions for the first investigation 26 (93%) were investigable and 2 (7%) were
non-investigable. Although, the first and the second day results had similar trends in both sections, they differed
for the future investigation questions. Although there were still two non-investigable questions in the first
section (5%), all of the future investigation questions were investigable in the second section.

Table 1. Number and percentages of students’ investigable and non-investigable questions from the first, second
and future investigations

F t d
Types of questions 1 section (n=15) 2" section (n=13)
Day 1 Day 2 Future Day 1 Day 2 Future
investigation investigation

No. of investigable 35 26 41 49 32 38
questions (%) (80%)  (93%) (95 %) (84%) (94%) (100 %)
No. of non-investigable 9 2 2 9 2 0
questions (%) (20%) (7%) (5 %) (16%) (6%) (0 %)
Total 44 28 43 58 34 38

The second step of the analysis was to look at the typology of the questions. The numbers and the percentages
for the types of questions asked in the first and the second sections are shown in table 2. In both sections,
comparison, descriptive, and cause-and-effect were commonly asked among investigable questions. Although
pattern-seeking questions are also asked commonly in the first section, this type of question is less common in
the second section.

Table 2. Number and percentages of different types of investigable questions for the 1%, 2", and future
investigations

1% section 2" section
Typology of (n=15) (n=13)
investigable No. of questions (%) No. of questions (%)
questions  Day 1 Day 2 Future Day 1 Day 2 Future
investigation investigation

Descriptive 9 (26%) 3 (7T%) 33 (67%) 15 (47%) 15 (39%)
Comparison 12 (34%) 6 (23%) 9 (22%) 6 (12%) 10 (31%) 11 (29%)
Cause-and- 5 (14%) 9 (35%) 22 (54%) 4 (8%) 3 (9%) 9 (24%)
effect
Pattern- 9 (26%) 11 (42%) 7 (17%) 3 (6%) 1 (3%) 1 (3%)
seeking
Prediction 2 (6%) 1 (3%)
Exploratory 3 (6%) 1 (3%) 1 (3%)

Note: Students in the first and the second sections did not use design-and-make, problem solving, and
validation of mental model questions.

Additionally, prediction and exploratory questions were never used in the first section. Although not commonly
used, these two types still appeared in the students’ questions in the second section. None of the students in
sections 1 or 2 asked design-and-make, problem solving, or validation of mental model questions. In both
sections, descriptive questions were asked more often on the first investigation as compared to the second and
future investigation questions. For section 2, descriptive questions were the most common type of questions on
the first day (67%). In the same section, the percentages of descriptive questions gradually decreased from the
first investigation through the end. In contrast, in both sections, the number of cause-and- effect questions
gradually increased from the beginning through the end of the unit. For the other types of questions, there was
not any noticeable difference among the three days. Examples of the types of questions asked in the first and the
second sections and post reflection (future investigation) are shown in table 3.
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Table 3. Examples of different types of investigable and non-investigable questions

Types of Questions
Examples of Questions Non-investigable Investigable
questions questions

Why are there more earthworms in this place? Complex information
How does the amount of grass affect the density of Cause-and-effect
earthworms?
Does the number of earthworms seem to correlate with the Pattern seeking
amount of plant life in the area investigated?
What is found in the soil other than earthworms? Descriptive
Does there need to be a certain amount of soil for the worm Exploratory
to live healthy in?
Is the density of earthworms greater near water or away from Comparison
water?
Does the density of earthworms change if you go deeper into Prediction
the soil?

The next step of the analysis was to determine whether the investigable questions were general or specific. The
number of general and specific questions asked by students is shown in table 4. In both sections, the percentages
of general questions decreased from the first investigation through the end, while the number of specific
questions increased. Examples of general and specific questions are shown in table 5. Questions asked on the
first day were broader as compared to questions on the second and the third days. Students started to ask more
time-, location-, and task-specific questions for the second investigations. There was not much difference
between the questions asked for the second investigation and possible future investigation.

Table 4. Number and percentages of students’ general (broad) and specific (detailed) questions for the first,
second, and future investigations

T fi tigabl 15 section (n=15) an section (n=13)

ypet? orinvestigable "mav 1 Day 2 Future Day 1 Day?2 Future
questions investigation investigation
No. of general 13 4 3 32 10 11
questions (37%)  (15%) (7 %) (65%)  (31%) (29%)
No. of specific 22 22 38 17 22 27
questions (63%) (85%) (93%) (35%)  (69%) (71%)

Total 35 26 41 49 32 38

The next step of the analysis was to look at the students’ answers to the post-reflection questions and VNOS-B
results. On the post reflection sheet (see Appendix B), 12 students (80% of the whole class) from the first
section and 11 students (85% of the whole class) from the second section reported that the first investigation
influenced their way of thinking about designing another investigation on the same topic (See question 4 on the
post reflection). Four students from the first section and 4 students from the second section reported that their
initial question was either too broad, or non-realistic, or lacked detail and therefore they needed to modify their
questions for the second investigation. “Getting familiar with the area or finding reasonable places to dig” and
“having experience digging a hole and collecting earthworms, knowing what to do for the second time” were
other common explanations for how the first investigation affected the way of their thinking for the second
design.

Another question (# 5 in the post reflection) asked whether or not they modified the initial question for the
second investigation. All students from the second section (100%) and almost all students (87%) from the first
section reported that they changed their initial questions. “Making the question more specific,” “changing
location to dig” and “having desire to explore something new” were common responses for why they modified
their questions for the second investigation. The next question (#6 in the post reflection) asked whether or not
students would change their questions if they were to investigate the same concept again. More than half of the
students (53.4 % from the first section and 69% from the second section) in both sections indicated that they
would not change their questions for another investigation. “Being satisfied” with the findings was the common
rationale for “No” response. “Having an investigable question for the second investigation” was another reason
why they did not want to modify their questions one more time.
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Table 5. Examples of students’ general (broad) and specific (detailed) questions for the first, second, and future

investigations

Participants Days Questions General Specific
(Broad)  (Detailed)
Participant1  Day 1 What types of earthworms will be found in healthy +
soil?
Day 2 Does elevation change the density of earthworms? N
Future Does the amount of vegetation surrounding a certain N
Investigation  area affect the density of earthworms?
Participant2  Day 1 Is the soil densely packed with earthworms? v
Based on the number of worms, is the quality of soil
good? Is it organic?
Day 2 Does the number of earthworms vary based on the N
distance from the river?
Future Are there more earthworms under trees or in a clear N
Investigation  area?
Participant3  Day 1 Where can you find the most earthworms? ~
Day 2 How does plant life affect the number of N
earthworms?
Future How does a harsh winter affect the number of N

Investigation

earthworms?

Audio records showed some patterns about how students generated their initial questions and modified their
questions for the second investigation. The following conversation shows how a group was brainstorming on a
possible question for the first investigation. They did not specify what location to dig. They just referred to
“certain areas.”

Student 1: We can just keep it as our question and we can actually figure out is earthworm denser in
certain areas?
Student 2: Yeah, it makes sense. | do not know.

The example below shows why one group from the first section changed their initial question. This conversation
took place when students were brainstorming for their second investigation.

Instructor: Did you decide your question?

Student 1: Yes. We want to say, does the number of earthworms vary depending on the distance from
the river?

Instructor: So, you changed your initial question.

Student 1: Yes, our first one was real bad. It was; “Based on the amount of earthworms was soil quality
good?” This is what we did not tell because we did not find enough.

Student 2: That is not the total indicator. There is healthy soil but there are no earthworms according to
the article | have read.

The above excerpt shows that this group was not able to answer their initial question because it was too broad.
“Based on the amount of earthworms was soil quality good?” was a broad question and it was not possible to
answer it by just finding out the density of earthworms. Students’ conversation in the field also showed they
were still brainstorming the question. One group in the first section was trying to decide a location to dig. They
were also having a conversation on what an earthworm looks like.

Student 1: Where would you like to go? Closer to the tree? Oh, there is a little guy.
Student 2: It is really small. Is this a worm?
Student 3: I think so. It looks like one in the pictures.

Another conversation from the field showed that some groups were not satisfied with the results of the first
investigation. The following conversation is from the first day’s investigation. The results of this group were
different from their hypothesis. According to their hypothesis they expected to find the most earthworms in the
first spot, which was the closest to the river. However, they found the most earthworms at the third spot, which
was the farthest from the river. They wanted to ask other questions for the second investigation to get enough
evidence for their explanation.
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Student 1: So, did we find eight?

Student 2: So, three spots, and how many?

Student 1: Three spots, we found eight. Five here, three on the other spot, and no earthworms on the
first spot. We can make generalizations based on the number of earthworms we found, but it is not
proven yet. We should think about what kind of question we will ask for Wednesday though.

Because the unit was covered near the end of the semester and we were discussing NOS aspects within each unit
throughout the semester, pre-unit and post-unit VNOS-B results did not differ much in terms of the number of
naive and informed aspects. Nevertheless, students were still able to reflect their experiences from the unit into
their post-unit VNOS-B answers. For example, some students indicated on the post-VNOS-B that scientists use
creativity when they generate or modify their investigation questions in response to the question five of the
questionnaire. One female student from the first section, for example answered; “Yes, they are also creative in
the sense that they have to come up with questions that would be appropriate for the investigation that could
potentially lead to new ideas.” Another female student from the second section answered; “Yes. Scientists use
creativity to modify their questions. An example of this is found in our earthworm project. We modified our
question after our first field study.”

The final question on the post reflection asked which aspects of the nature of science (NOS) the students
displayed in this activity and how these aspects were used. The responses on that question were a better
indicator to show how students held informed NOS views such that they could successfully interpret the post-
reflection prompts. Observation and inference (87%), creativity and imagination (67%), and empirical evidence
(47%) were the most commonly discussed NOS aspects in the first section. Observation and inference (46%),
creativity and imagination (69%), and that no universal scientific method exists (46%) were the most commonly
discussed NOS aspects in the second section. The aspects of observation and inference, creativity, empirical
evidence, imagination, and no universal scientific method were the most cited aspects in both sections as
compared to the NOS aspects of tentativeness of science, objectivity and subjectivity, and distinctions between
hypotheses, theories and laws, which were cited less often.

Students not only named the aspects displayed in the unit in their responses to the final question on the post
reflection sheet, they also explained how they thought these aspects were displayed in the unit. For example, one
female student from the first section named creativity and imaginative, tentativeness of science, observation and
inference as aspects displayed in the unit. Then she explained that they used creativity as a group when they
were trying to come up with an investigable question for their investigation, experienced tentativeness when
they were not sure if their questions were going to be investigable and used observation and inference about the
surroundings that they were investigating.

Another female student from the first section named creativity, observation and inference and empirical
evidence as aspects that she found out displayed in the unit. She said that they as a group observed the ground to
see if there were earthworms in different locations and then inferred which areas had greater numbers, used
creativity to come up with an investigable question, and collected empirical evidence when they noted the
amount of earthworms in each area. One male student from the second section named empirical evidence and
observation and inference aspects. He said that they as a group observed two different soils and inferred why
there was a difference in earthworm species of these soils, and collected empirical evidence when they collected
data about the total number earthworm species.

Discussion and Future Implications

In this paper we described a study in which we provided students with opportunities to generate and improve
their questions as a result of designing and carrying out environmentally based inquiry investigations. Findings
showed that students improved their ability to ask more investigable questions after conducting an investigation.
As shown in Table 1 the number of students’ investigable questions gradually increased while the number of
their non-investigable questions gradually decreased from the beginning to the end of the unit. Although we
expected almost all students to ask investigable questions for the first investigation, some students still had non-
investigable questions. Having limited experience for asking a question and designing an investigation might be
the reason students initially posed non-investigable questions.

The results of the study showed that students asked more specific questions after they went outside and carried
out one investigation on earthworms. This result might be attributed to several reasons. First, lack of content
knowledge about soil quality and earthworms might be one reason for students’ general questions. Although
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students engaged in various inquiry activities before this unit, they did not engage in any activities specifically
designed for soil quality. Another reason might be related to being unfamiliar with the location. Although
students had been in that location for other investigations, they did not dig the soil prior to this unit. For
example, one student asked, “Where can you find the most earthworms?”” while they were generating questions
for the first investigation. This question did not specify the location they were going to dig. Similarly, another
student asked, “Is the density of earthworms different based on the location investigated?” This student used the
term “location” without specifying it (See Table 5 for other general question examples). Although students
tended to ask general questions before they carried out the first investigation, their questions became more
specific (detailed) for the second and possible future investigations. For example, the student who asked, “Is the
density of earthworms different based on the location investigated?” asked more specific questions after the first
day. For example, “Does the distance from the river affect the density of earthworms?” is one question that she
asked for possible future investigation. In this question, the student specified the location where she would
work.

Typology of students’ questions also revealed interesting results. Students had a tendency to ask fewer
descriptive questions and more cause-and-effect or pattern-seeking questions after the first investigation. The
results show that students should become more familiar with the different variables to be able to ask these kinds
of questions. Although results of the two sections were mostly similar, there were small differences in the types
of students’ questions. Although prediction and exploratory types of questions were not used in the first section,
a few students in the second section used these types of questions. Also, cause-and-effect and pattern seeking
questions were used more often in the first section than the second section. The purpose of this study was not to
compare the two sections. We collected data from two sections to have a larger sample. Nonetheless, the
different results suggest how different contexts (students and instructors) influenced students’ questions. The
results showed that students were able to apply their understanding of NOS aspects to a hew concept. However,
some aspects were addressed more than the others. Only a few students in each section addressed the aspects of
tentativeness of science and the distinction between hypothesis and theories. While only two students from the
first section addressed the objectivity and subjectivity aspect, none of the students from the second section
addressed this aspect. This finding is consistent with the findings of Akerson, Abd-El-Khalick, and Lederman
(2000) and Akerson, Nargund- Joshi, Weiland, Pongsanon, and Avsar (2013).

Akerson et al. (2000) used an explicit-reflective approach in a science methods course to enhance graduate and
undergraduate pre-service elementary teachers’ NOS understandings. At the end of the course, both
undergraduate and graduate students held more informed views of tentative, observation and inference, creative
and imaginative, and theories and law NOS aspects. However, less improvement was seen for subjective
(theory-laden) and social and cultural NOS aspects. Akerson et al. (2013) also found out that students were able
to grasp concrete aspects of NOS first and abstract aspects of NOS later. Abstract aspects of NOS included
tentativeness, of science, creativity, and subjectivity (Akerson et al., 2013). Although tentativeness and
subjectivity aspects were less often addressed, the creativity aspect was addressed by most students (67% from
the first section, 75% from the second section) in our study. Students’ adequate understanding of the creativity
aspect might be attributed to previous course content. We incorporated NOS discussions into each science
investigation. Students were asked to discuss NOS aspects displayed in the earthworm unit that were similar to
the previous units.

The findings from our study contribute to the field of teaching and learning science in three ways. First, we
assert that giving students opportunities to observe creatures in natural habitats, as well as prompting them to
ask their own questions following their own interests and modifying these questions as needed, improves their
ability to generate good investigable questions. We recommend that teachers should introduce students to
interesting scientific phenomena that stimulate a variety of questions (Institute of Inquiry, 2006). Second,
integrating NOS into a scientific inquiry context improves students’ ability to connect NOS aspects to real
science activities. Khishfe and Abd-EI- Khalick (2002) suggest implementing NOS aspects into content-related
inquiry activities to enhance the effectiveness of the explicit and reflective approach for teaching NOS.
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