











Citation Purpose Sample Method Findings/ Outcome
Mumba, F.,,  Toestablish  Participants in Qualitative study. A "Most teachers
Banda, A., chemistry this study are  four-part strongly agreed or
Chabalengula, teachers’ (n=61) questionnaire was  agreed with the
V.M., and knowledge of chemistry used. A two-step statements on the
Dolenc, N. inclusive teachers in process of data benefits of inquiry to
(2015) teaching. different collection was students in inclusive
school districts conducted in order chemistry classes. All
across the for teachers to list  teachers (100%)
United States. their own agreed that inquiry is
They were in  perceptions of useful to students of
an online benefits and certain abilities;
graduate challenges of Inquiry motivates
chemistry inquiry in a students to learn
education chemistry inclusive (85.7%); provides
courses in classroom (in variety of activities
spring 2013,  section 2) before (100%); and enhances
and fall 2013, seeing our their confidence
ataresearch  suggested Likert-  (85.7%)
university scale statements on
located in the  benefits and
Midwest of the challenges of
United States. inquiry in inclusive
classroom (in third
and fourth sections).
Hayward, C., Toevaluate  Participants (n Data was collect Results:
and Laursen, how Inquiry- =167)atthe using pre- and post- < Instructors lecturing
S. (2014) based learning workshop. surveys, and one- < Instructors solving
methods year follow-up problems at the board
workshop surveys. Using Participants also
supported the anonymous indicated increased
idea of identifiers to match frequencies of:
preconceived individuals’ surveys ¢ Student-- led whole
ideas of from different class discussions
inquiry being times, we were able < Students discussing
time to successfully in small groups

consuming yet
motivating and
worthwhile.

match post-

workshop surveys

and follow-up

surveys to the pre-
workshop surveys.

» Students presenting
problems or proofs.
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Citation Purpose Sample Method Findings/ Outcome

Edwards, A. To determine n =81. n = 81 Pre- "The data showed as

(2016) if inquiry- Participants in  implementation follows: 70% agreed
oriented a 2014 zoology survey. Students that they would like
learning class at given overarching  more practical

philosophy has University of

question and a

designed this way.

been applied  Tasmania. specimen but no 79.4% enjoyed the
to a practical instruction or freedom to explore
session to diagrams. Worked and 67.1% responded
transform a in small groups. positively about the
teacher-led Had a discussion on idea that there was no
dissection into how to proceed. right or wrong
a student-led After discussion, approach, 80.8%
experience. brought back idea to enjoyed the
whole group. After challenges that came
subsequent with the freedom to
modification, explore, 74.5%
activity was reported being more
performed. End of  engaged than usual
activity anonymous, ,63% felt it was easier
voluntary likert-like than normal to stay
survey was given on focused, 64% didn’t
perception, skip over the difficult
motivation and parts, and 64% were
engagement. In happy to be
addition, there was challenged. 61.6%
a section for open  made better links
comment between the hands-on
experience and
existing theoretical
knowledge
Songer, N. B., Toexamine  n = 6. Detroit the primary data * Inadequate space,
Lee, H. S, patterns that ~ schools. sources for this equipment and
and Kam, R.  were present study were written  materials
(2001) across pre and post content « Inadequate prep
classroom assessments, class  time,
learning observation forms, « Low levels of
environments, and teacher post science content or
actual interviews. Mixed  computer knowledge
curricular methods study. and training
enactment and * Large class sizes
student * High amounts of
learning. teacher and student

mobility
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Citation Purpose Sample Method Findings/ Outcome
Lindskoog, G. Toexamine A large, urban Quantitative study. Results showed
0. (2014) elementary school district Teachers completed negative perceptions
science in the questionnaire and  of HSTA and no
teachers’ Southeast background forms. impact of HSTA
perceptions of United States Data were analyzed compared to control
HSTA prior to during three  using longitudinal  teachers during the
an intervention consecutive multilevel modeling three year
and if school years.  and interpreted intervention. Themes
participation in An invitation  using social in the literature that
the was sentand  cognitive theory to  teachers perceive
intervention  all 64 schools more completely standards positively,
changed their agreed to understand the HSTA negatively, and
perceptions.  participate. As complexities of the impact of HSTA
a school-wide human functioning on teaching practices
initiative, all  and explain its negatively were
fifth grade causality. supported by results
teachers from in this study.
these 64 Teachers’ perceptions
schools agreed of HSTA at baseline
to participate. were overall
n = 358. consistent across
teacher professional
variables and school
contextual factors
tested.
Nie, Y.,and Toexamine A sample of (n This mixed method "Results of
Lau, S. (2010) how = 3000) Grade study used two pilot hierarchical linear
D constructivist 9 students activities, one pre-  modeling showed
and didactic ~ from 108 interview, an online differential cross-
instruction was classrooms in  questionnaire, and a level relations. High-
related to 39 secondary  questionnaire in stakes assessments
students’ schools in which 1/2 of the have strongly
cognitive, Singapore. class speaks about  influenced the enacted
motivational, their instructors curriculum as teachers
and motivation and are under great
achievement English pressure to ensure that
outcomes in performance and the curriculum contents
English other 1/2 evaluates are thoroughly
classrooms. their own covered and that their

motivation and
English proficiency.

students are well
prepared for these
assessments.
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Citation Purpose Sample Method Findings/ Outcome
Morrison, C.  Toexamine  NA argument "This paper discusses
D. (2014) the the problematic
concomitant conflation of the
shift in the role terms ‘information’
of students, as and ‘knowledge’ that
they leave the surfaces in
world of consideration of the
passive shifting roles of
recipients and teachers and students,
join the ranks and argues that, in
of active addition to defining
participants in information and
the teaching- knowledge precisely,
learning we must consider the
nexus. significance of the
processes that
transform the former
into the latter."
Ross, P. M. To tell the NA A descriptive piece A story of a
(2016) story of the re- on how a large successful five year

design of
undergraduate

curricula,
specifically the
Bachelor of
Science and
Bachelor of
Medical
Science, at a
large
metropolitan
university,
using
“research-led
inquiry” as a
unifying
pedagogy

metropolitan
university shifted
science from cookbook
laboratory activities
to inquiry activities.

curricular and
pedagogical change
process complete with
problems (academic
discomfort with open
ended instruction,
curriculum review ,
shifting priorities of
university.

253

(Continued)



Citation Purpose Sample Method Findings/ Outcome
Capps, D. K., Toinvestigate Teachers (n = A mixed-methods "This study shows
and Crawford, the viewsand 30) were approach was used that relatively few
B. A. (2013) actual selected to to analyze lesson  teachers, from a group
practices participate descriptions, of highly motivated
related to from an classroom teachers, were
inquiry and applicant pool observations, actually teaching
NOS of a of more than  videotape data, science as inquiry or
group of 120, 5th- questionnaires, and about NOS. Although
highly through 9th-  interviews to assess researchers have
motivated and grade teachers. teaching practice anecdotally reported
well-qualified Selection and views of inquiry on the lack of inquiry-
teachers from criteria and NOS of these  based teaching, and
classrooms included the  teachers. We used  there is some
across the following: information from information from

United States. quantity of written descriptions
Specifically,  college science of lessons,

we asked: courses taken, classroom

1. What was  science observations
the nature of  research and/or videotape
teachers’ experience, data, and semi-
instruction?  teaching structured

2. What were  experience interviews to
these teachers’ (years), characterize
views of quantity of teachers’
inquiry and science PD, instructional
NOS? what they practice.

3. Whatwas  hoped to gain,

the willingness to

relationship  participate in

between the project, and

teachers’ evidence of a

views of supportive

inquiry and school

NOS and their administration.
teaching

practice?

surveys given to
teachers on this
matter, we believe
this study is one of
few providing actual
classroom-based
evidence for this
claim. It was
particularly troubling
that many of the
teachers in this study
believed they were
teaching science as
inquiry even when
they were not.
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Freeman, S., Todetermine 225 studies metaanalysis of 225 "The data reported

Eddy, S. L., if lecturing studies that reported here indicate that

McDonough, maximizes data on examination active learning

M., Smith, M. learning and scores or failure increases

K., Okoroafor, course rates when examination

N., Jordt, H., performance, comparing student  performance by just

and when performance in under half a SD and

Wenderoth,  compared to undergraduate that lecturing

M. P. (2014) active science, technology, increases failure rates
learning. engineering, by 55%. The

and mathematics
(STEM) courses
under traditional
lecturing

Versus active
learning.

heterogeneity
analyses indicate that
(1) these increases in
achievement hold
across all of the
STEM disciplines and
occur in all class
sizes, course types,
and course levels; and
(ii) active learning is
particularly beneficial
in small classes and at
increasing
performance on
concept inventories.
The weighted, grand
mean effect size of
0.47 reported here is
almost identical to the
weighted, grand-mean
effect sizes of 0.50
and 0.51 published in
earlier metaanalysis
of how alternatives

to traditional lecturing
impact undergraduate
course performance in
subsets of STEM
disciplines (11, 12).
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Citation Purpose Sample Method Findings/ Outcome
Carbonneau, to examine the 55 studies with metaanalysis of 55 Statistically significant
K. J., Marley, empirical a large number studies that results were identified
S.C.,and evidence (n=7237) of compared with small to moderate
Selig, J. P. regarding the participants K- instruction with  effect sizes, as measure
(2013) use of 12 manipulativesto a by
manipulatives control condition Cohen’s d, in favor of tt
during where math use of manipulatives
mathematics instruction was when compared with
instruction a provided with instruction that only use
systematic only abstract math abstract
search of the symbols. math symbols. The
literature. relationship between
teaching mathematics
with concrete
manipulatives and
student learning was
moderated by
instructional and
methodological
characteristics of the
studies.
Lombardi, S. To investigate Twenty-nine  Human Anatomy Students who used
A., Hicks, R. the impact of students and Physiology  plastic models
E., Thompson, three participated in course were achieved significantly
K. V., and commonly the randomly assigned higher overall scores
Marbach-Ad, used supplemental  to one of three on both the initial and
G. (2014) cardiovascular activity and experimental follow-up exams than
model-assisted completed the groups (organ students who
activitieson  initial exam (. dissections, virtual performed organ /
student Sample sizes  dissections, or virtual dissections.
learningand  for each plastic models).  Students who dissected
student treatment Each group organs were more

attitudes and
perspectives
about science.

for organ

for virtual

dissection, and

8 for the

plastic model.

n=26

group were 13

dissection, 8

received a 15-min
lecture followed
by a 45-min
activity with one
of the treatments.
after the lesson
and then 2 mo.
later, students
were tested and
completed an
attitude survey.

likely than other
treatment groups to
agree that “science is
fun,” suggesting that
organ dissections may
promote positive
science attitudes.
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Citation Purpose Sample Method Findings/ Outcome
Varelas, M., Toexamine  The Using a qualitative, "The study findings
Pieper, L., opportunities  participants in interpretative highlight the
Arsenault, A., for reasoning the present framework, we synergistic
Pappas, C. C., and meaning study include analyzed classroom relationship between
and making that  the teacher and discourse and informational texts
Keblaweu- read-alouds of co-author, children’s writing  and hands-on
Shamah, N.  children’s Neveen and drawing in a explorations and point
(2014) literature Keblawe- 3rd grade class to the significance
science Shamah, and  during five and
information  her 28 students instructional days  usefulness of
books and ina 3rd grade that focused incorporating both in
related hands- class. Neveen on the same science science instruction so
on is of topic (earthworms  that we maximize the
explorations  Palestinian and their features,  richness of children’s
offered to descent and behaviors, habitat, learning
young Latina/o had 6 years of etc.) and included  experiences by
students inan teaching read-aloud offering them
urban public  experience at  sessions of print and multiple access points
school. the time of digital books on and pathways via the
data collection. earthworms along  assets they bring to
The students  with observations  the classroom
(14 girlsand  and experiments and the ones they co-
14 boys) were with real construct with their
all Latina/o,  earthworms. teacher and peers."
except one,
Veronica, and
all Latina/o
students were
of Mexican
descent. The
language of
instruction was
English.
English, M. Todescribpe  NA NA The three main
C.,and learning phases are:
Kitsantas, A. environment 1) project/problem
(2013) features and launch- students gain

teaching
practices foster
student
responsibility
for learning
with PBL.

an understanding of
the driving question,
2) guided inquiry and
product/solution
creation, and

3) project/problem
conclusion.
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Ginorio, A.  Tofosteran n=73,16 Subjects attended a "five keys to success
B., Fournier, interestin schools. girls 2 week residential ~ were research
J.,and science among that attended a camp at University connected directly to
Frevert, K. high school 2 week of Washington for  student interest and
(2004) girls who were residential students; a yearlong understanding of
of Latina/ camp at school based communities, engaged
native University of  community focused them in the scientific
American who Washington  collaborative process, tapped into
were the for students,  research project, expert advice,
invisible science teacher and a statewide involved non-
middle, little  and principal; capstone event with competitive
to no science  a yearlong speakers, posters,  collaboration, and it
interest, school based  and workshops. received support of
average community Projects took place teachers, admin,
performers in  focused after school, grad  community members,
rural areas. collaborative  students acted as and families."
research mentions. Follow
project,and a  up six years later
statewide showed that

capstone event research projects
with speakers, enabled girls to
posters, and  envision themselves
workshops. as scientists.

Karacalli, S., To analyze the 143 fourth The study was The application of
and Korur, F. effects of grade students, conducted in a different methods
(2014) project-based from Antalya, quasi-experimental between both groups
learning on Turkey. The  design as a “pre- had a statistically
students’ sample test, post-test with  significant effect in
academic included 70 control group.” In  terms of academic
achievement, students (49%) the experimental achievement,
attitude, in the control  group, project-based (F(1,112) =46.78, p =
group and 73  learning method .000) and of retention
students (51%) was used. of knowledge
in the The findings (F(1,112) =35.24,p =
experimental indicated that .000).

group sothe students learn to

distribution of construct their own

students in the learning and to

groups was evaluate changes in

almost the their own behavior

same through application
of the method.

(Continued)
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Citation Purpose Sample Method Findings/ Outcome
Pintrich, P.  To provide an Research Seven substantive "Motivational science
R. (2003) overview of article questions are then will be able to advance
current suggested and they  as we continue to
motivational are: (1) What do make progress in
research in students want? (2)  answering the seven
learning and What motivates substantive questions
teaching and students in outlined
empirically classrooms? (3) How here. As we better
supported do students get what understand these
knowledge they want? (4) Do questions and issues, we
claims about students know what  certainly will improve
student motivates them? (5) our understanding of
motivation as How does motivation student motivation,
well as central lead to cognition and serving the basic goal of
questions and motivation? (6) How scientific understanding
directions for does motivation in motivational
future change and develop? science a la Bohr."
research. and (7) What is the
role of context and
culture?
Kane, M. C. Todetermine 224 students, The study applieda "Subsequently, there
(2015) the impact of 128 attended quasi-experimental  were three underlying

Student a school that
Success Skills  was assigned
classroom to the
guidance treatment
lessons on the condition
Academic and 96
Behaviors and attended a
Key Learning school that

Skills and
Techniques
associated
with college-
career
readiness
(CCR)
indicators for
Grade 5
students

to the

condition.

was assigned

comparison

pre/postl/post2
design utilizing
student self-report
instruments ANOVA
and ANCOVA
analyses were
conducted.
Significant pretest
treatment effects
were found at the
school level for the
SESSS (p <.000),
MSLQ Self-Efficacy
for Learning and
Performance

scale (p <.000), and
MSLQ Control of
Learning Beliefs
scale (p <.004).

themes throughout: (1)
What are the
knowledge, skills, and
attitudes of CCR and
how are they
represented in upper
elementary school-aged
students? (2) What is
the role of the
elementary school
counselor

in developing the CCR
of students? (3) What
evidence-based
interventions are
available

to school counselors as
a means for developing
CCR in their students?
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Citation Purpose Sample Method Findings/ Outcome
Haraldseid, To explore Nineteen An exploratory Creating an authentic
C., Friberg, students' second-year qualitative environment,
F., and Aase, perceptions of students methodology was facilitating motivation,
K. (2015) their learning enrolled in  used on Focus group and providing resources
environment in an interviews and for multiple
a clinical skills undergraduat content analysis was methods and repetitions
laboratory, and e nursing conducted to capture within clinical skills
to increase the programin the students' training is all important
knowledge Norway perception for improving CSL
base for participated of the CSL learning learning environments
improving in the study. environment. from the student
CSL learning  They took perspective.”
conditions the same
identifying the clinical skills
most important course. Eight
environmental were part-
factors time students
accordingto  (group A)
the students.  and 11 were
full-time
students
(group B).
Ding, L. To test the This study  The researchers Two factors influence
(2014) causal was administered three  students conceptual
influences of conducted  published learning as measured by
reasoning with 167 instruments the FCI, scientific
skills and first-year to measure, reasoning skills and
epistemologies college respectively, student student pre-instructional
on student students reasoning skills, views about the nature
conceptual taking a epistemological of physics and learning
learning in calculus- views, and learning  physics. These two
physics. based gains on Newtonian factors represent two
mechanics  concepts. Students  important but different
course in attended three hour- domains of learning
East China. long lectures, a one- sciences: logical
All students hour recitation every thinking and
were taking  week, and a 2-hour  epistemological stance.
physics asa lab each week, The former, in a broader
mandatory  conducting mostly  context, is
course to cookbook like lab linked to cognitive and

fulfill degree activities.

requirements

.n =167

inquiry skills that may
span beyond
science content."”
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Citation Purpose Sample Method Findings/ Outcome
Hong,J. C., Todevelopa A total of 96 Research participants The results of this study
Hwang, M.  “prediction—  questionnaire were directed to visit provided three
Y., Liu, M.  observation— s were the POE platform on theoretical
C., Ho, H. explanation”  returned, 81 iPad2 for 15 min contributions. (1)
Y., and (POE) inquiry- of which once per week, fora They showed that
Chen, Y. L. based learning repliedall  total of 8 times over continuance intention
(2014) mode to teach items two months in an using the iPad2 was
science completely. elementary school derived from a mix of
concepts using Approximate computer lab. learning interest. (2)
the iPad2. ly 66.7% of  Students were They emphasized the
the permitted to pursue interrelatedness
participants the scientific topic of of learning interest and
had prior their choice, but they Internet cognitive
experience  were not allowed to  failure. (3) They offered
using digital discuss their work or a more system-specific
learning collaborate with their insight into the
software classmates. In order antecedents of Internet
from iPad2 to prevent discussion cognitive failure,
applications, of answers, students specifically, the
while 55.6% were given importance of the
had no prior incentives to stay continuance intention of
experience.  quiet during the a new device for science
experiment. Atthe  learning.
end of the two-month
period, they
completed a
questionnaire.
Concannon, To study The sample  Prospective teachers "This study confirmed

J. P., Brown, investigates
P.L.,and prospective
Brown, E. teachers’
(2013)
science

theories before

and after
instruction.

conceptions of

consisted of
35
prospective
elementary
and middle
school
teachers at a
small liberal
arts
institution
enrolled in
science
methods
courses.

completed a survey
at the beginning of
the course, and
prospective were
given as much time
as they needed to
finish (See Table 1).
The prospective
teachers did not

discuss ideas/answers

during was
administration.
Students finished
were given 15
minutes to finish.

that students are leaving
high school with
misconceptions about
the nature of scientific
theories, and these
misconceptions persist
into their college years
of education.
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Barron, B., Toexpand our meta- Research/ book Data showed that an
and Darling- knowledge of analysis inquiry-based,
Hammond, the benefits of collaborative approach
L. (2008) inquiry-based to learning benefits both
learning, as individual and
well as to collective knowledge
deepen our growth. Students
understanding develop content
of the knowledge and learn
components of increasingly important
an effective 21st century skills, such
inquiry-based as the ability to work in
lesson or unit. teams, solve complex
problems, and to apply
knowledge gained
through one lesson or
task to other
circumstances. The
research also suggests
that inquiry-based
lessons and meaningful
group work can be
challenging to
implement.
Pandey, A., Toinvestigate The sample The researcher Data showed that
Nanda, G.  the comprises 44 randomized groups  teaching of physical
K., and effectiveness  girls and 56 and then subjects science through Inquiry
Ranjan, V.  of Inquiry boys froma were assigned to the Training Model is more
(2016) Training Secondary  experimental and effective than the

Model over School
conventional  Situated in

teaching Jamshedpur

method in city of
teaching Jharkhand,

physical India. Out of
science at the 100, 50 are

secondary experimental
level of group and
science remaining 50
students. are control
group.

control group by
random procedures
and administered a
pre-test T1 as a
measure of the
treatment to these
groups for a
stipulated time
period.

teaching through the
Conventional Method at
the secondary level.
Additionally, the t value
was found from Table 8
to be 4.74 which was
significant at 0.05 level
and it indicates that the
null-hypothesis is
rejected i.e., there exists
significant difference
between experimental
group students (Boys +
Girls) and control group
students (Boys +Girls).

262

(Continued)
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Capps, D. K., To investigate Teachers (n a mixed-methods Data showed that
and the views and = 26) were  approach was used to few teachers of these
Crawford, B. actual selectedto  analyze lesson highly motivated
A. (2013) practices participate  descriptions, teachers were actually
related to from an classroom teaching science as
inquiry and applicant observations, inquiry. We believe
NOS of a pool videotape data, this study is one of few
group of of more than questionnaires, and  providing actual
highly 120, 5th- interviews to assess  classroom-based
motivated and through 9th- teaching practice and evidence about this lack
well-qualified grade views of inquiry and of inquiry-based
teachers from teachers. NOS of these teaching. Additionally,
classrooms teachers. We used many of the teachers
across the information from felt they were teaching
United States. written descriptions  science as inquiry even
of lessons, classroom when they were not.
observations and/or  Lack of adequate
videotape data, and  professional
semi-structured development is thought
interviews to to be the cause.
characterize teachers’
instructional practice.
Wade, C., To focus of  Twenty-eight Participants were Secondary science
Benson, L., this research is teachers placed in polymer teachers developed a
and Switzer, the experience participated research labs where deeper understanding of
D. (2012, of secondary inthe RET  they worked with inquiry-based learning
March) science program over faculty and graduate through their research

teachers who
advanced their
understanding
of inquiry-
based learning
and instruction
through a six-
week summer
Research
Experience for
Teachers
(RET)
program.

the course of
three years at
Clemson
University,
South
Carolina.

students on research

projects for six

weeks during the
summer. Participants
developed lessons
incorporating their
research experiences
with the standards to
provide an authentic
real-world learning
opportunities for

their students.

experience. The
research projects
provided connections
between science
standards and STEM
topics while moving
teachers out of their
comfort zone. The
teachers research
projects reminded
teachers of how
students’ struggles with
inquiry.
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Lee,H.S., Tostudydealt Thisstudy  Quantitative. "Results show that the
and Butler,  with designing investigated scientific complexity of
N. (2003) effective how fifty- forecasting situations
inquiry tasks  nine inner- influenced students’
through city sixth explanations for their
transforming  grade predictions as well as
content, students their forecasting
scientific performed in accuracy. The study
thinking, and  real-time resulted in guidelines
resources forecasting for developing science
featured in situations activities that utilize
scientists’ involving authentic contexts for
authentic fronts and student inquiry. 1. Real
practices. pressure world situations must
systems. n = map closely to students’
59 content understandings

and curricular activities.
2. Authentic science
tasks should be
developed through the
simultaneous
transformation of
content knowledge,
scientific thinking and
resources. 3. Students
need specific guidance
for the use of
transformed products
towards inquiry
learning goals.
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Chapman, A. To better The study Mixed methods. There was a significant
(2013) understand took place at Quantitative and decrease in the choice
how an urban qualitative data were of the stereotypical
marginalized high school collected from a White male scientist on
students were in the science attitude the pre- and post-1AS
affected by southeastern survey, scientist after their participation
their United perception in the algal biofuel
participation in States. instrument, and project. Students not
an authentic ~ Twelve pre/post-assessments. only selected
science students in  Purely qualitative individuals of their own
experience, an honors data were collected  gender and ethnicity
within the Marine from interviews of ~ more often after 200 the
context of an  Science class students, teachers project, but they also
algae biofuel  were and engineering increased their selection
project. participants  researchers, field of White female,
in this study. notes, classroom African American male,
8 male, 4 observations, and and Eastern male.
female journals from
students.
Hsu,P.L., Toexamine 13 high Ethnographic "We find that the
Roth, W. M., how laboratory school qualitative study. participation trajectory
and members students who Pre/ post interviews. was based on
Mazumder, without a participated, Videotape demonstration-practice-
A. (2009) pedagogical in groups of connect (D-P-C) phases
background or three or four that continually
experience in  individuals, recurred in the process
teaching in the 2- of ““‘doing’’ science.
engage high  month Concerning the
school internship. 2 transactional structures,
students males, 11 we identify two basic
during their ~ females for 2 conversation patterns—
internship month. n = Initiate-Clarify-Reply
activities 13 (I-C-R) and Initiate-

Reply-Clarify-Reply (I-
R-C-R)—that do not
only differ from the
well-known Initiate-
Reply-Evaluate (I-R-E)
patterns

previously observed in
science classrooms, but
also could be combined
to constitute more
complex patterns.
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Breslin, P., To engage qualitative  qualitative The researcher
and middle school ethnographic ethnographic study  concluded that through
Ambrose, R. students study.n=1 the Socratic Seminar
(2013) through peer-  school this her students began to
to-peer talk is  was respect one another
useful. manifested more and made an
with students important step toward
mocking one acceptance
another,
especially in
regard to
their
ethnicities.
Porter, L., To determine  n = 96. Isomorphic questions Our work reveals that
Bailey Lee, if students Mixed were tested in two  using raw percentage
C., Simon, really learn methods. La classes under various gains between paired
B., and from peer Jolla, CA administrative and  questions may not fully
Zingaro, D.  discussion in  University of experimental illuminate the value of
(2011, computing?  California.  controls. In addition, peer discussion.
August) Two students self- Weighted Learning
undergraduat reported their beliefs Gain better reflects the
e classes. and experiences with learning value of
PI through surveys. discussion. By applying
this metric to both
genetics and computing
courses, we consistently
find that 85-89% of
"potential learners"
benefit from peer
discussion.
Smith, M. To determine Inan Biology majors at Our results indicate that
K., Wood, if peer undergraduat University of peer discussion
W. B., discussion e Colorado—Boulder.  enhances
Adams, W. improves introductory  Students were given understanding, even
K., Wieman, student genetics participation points  when none of the
C., Knight, J. performance course for  for answering clicker students in a discussion
K., Guild, on in-class biology questions. Exam group originally knows
N., concept majors at the questions were the correct answer.
and Su, T. T. questions University of similar to the clicker
(2009) Colorado—  questions, so that

Boulder. (n = students had an

328) incentive to take
clicker questions
seriously.
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Wood, W.  Todetermine The dataset Studentsanswered Data showed that
B., Smith, M. if student included the first question of a students who changed
K., Krauter, performance responses pair (Q1) their answers to Q1
K., and increases with from 150 individually. After a from incorrect to
Knight, J. K. when peer studentsin ~ few minutes spent  correct after discussion
(2011) discussionis the discussing their performed on average
immediately  majors class responses in small ~ much better on Q2 than
followed by  and 62 groups, they revoted students who did not
instructor students in  on Q1. Students then change their answers.
explanation.  the non- answered a second  Moreover, on the more
majors class. question (Q2) difficult questions,
These individually, and performance on both
students only then were the QL1 after discussion and
answered at  answers and the Q2 increased markedly,
least one histograms for both  even for groups in

complete set
of questions
in

each of the
different
modes. (n =
212)

questions revealed
and discussed.
Tracking of student
responses showed
that students who

changed their

answers to after
discussion performed
on average better on
than students who
did not change their
answers. With more
difficult questions,
performance on both
Q1 after discussion
and Q2 increased
markedly, even for
groups in which no
student initially

answered Q1

correctly, indicating
that the process of
discussion itself
rather than the

influence of

knowledgeable
peers could lead
students to increased
understanding.

which no student
initially answered Q1
correctly, indicating
that the process of
discussion itself rather
than the influence of
knowledgeable peers
could lead students to
increased
understanding. In
addition, grappling with
a question in
discussions with peers
could enhance the
learning value of a
subsequent explanation
by the instructor
(Schwartz and
Bransford, 1998).
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Dewey, J. discussion of na exposition Science teaching has
(1910) matter and suffered because
method in science has been so
science frequently presented
teaching just as so much ready-
made knowledge, so
much subject-matter of
fact and law, rather than
as the effective method
of inquiry into any
subject-matter (Dewey,
1910, p.124).
Krajcik, J.,  article on how na research Students will be
and Merritt, the new K-12 engaged in what it
J. (2012) framework means to do science
will engage because this is one
Students in major activity that
Scientific drives scientific work
Practices and thinking. Next
Generation Science
Standards will present a
more coherent view of
science education that
will engage students in
the process of doing
science.
Linnansaari, the purpose of The study’s  Smartphones The results reveal that
J., Viljaranta, the study was participants equipped application situation and grade had
J., Lavonen, to determine  consisted of and questionnaire significant effects on
J., Schneider, how does 68 students  aimed to measure students’ pre conditions
B., and Finnish from 9th students’ of engagement and
Salmela-Aro, students’ grade and 67 engagement. The actual engagement. In
K. engagement  students from phones were addition, results show
(2015) occur in exact 1stgradein programmed to emit that girls had the
and life upper a signal during every highest interest in life
science secondary  science lessonand  science lessons and
lessons? school that  otherwise randomly boys in exact science
worked co- throughout the day  lessons.
operated with questionnaire
the appeared 8 times per
University of day. A signal was
Helsinki. sent that allowed 15

minutes to answer
the questionnaire.
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Sun, J. C. Y., The purpose of Participants Quantitative. An Results suggested that

and Rueda, this study were 203 online survey online activities and

R. (2012) investigates  students assessing their levels tools such as
possible enrolled in  of situational multimedia and
relationships  online classes interest, computer  discussion boards may
among in the fall self-efficacy, self-  increase emotional
motivational ~ semester of  regulation and engagement in online
and learning 2008 inthe  engagement in learning, although they
variables Schools of  distance education.  do not necessarily
(interest, self- Gerontology increase behavioral or
efficacyand and cognitive engagement,
self- Engineering that educators should
regulation) and at a large identify students who
three types of research are taking online
student university in courses for the first
engagement  the time and provide
(behavioral southwestern necessary technical help
engagement, USA. 67 to increase their
emotional females, 135 emotional engagement,
engagement  males. n = and that it is important
and cognitive 203 for educators to offer
engagement) students strategies for
in a distance increasing their self-
education regulation in distance
setting. education

environments.
Situational interest and
self-regulation were
found to be
significantly correlated
with three types of
engagement
(behavioral, emotional
and cognitive),while
computer self-efficacy
did not appear to be
associated with any of
those engagement
variables.

(Continued)
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Workosky,  This article na na 1. A code and title that
C., and answers describe the content of
Willard, T.  some of the the standard. 2. A
(2015) most common varying number of
questions performance
about the expectations that
architecture describe what students
of the NGSS, should be able to know
from and do at the end of
deciphering instruction. 3. A
the codes to foundation box
understanding provides a more
the boxes. complete description of
the performance
expectations. It
describes the science
and engineering
practices, disciplinary
core ideas, and
crosscutting concepts
used to make up a
particular set of
performance
expectations. 4. A
connection box that
includes connections to
the standard from other
disciplinary core ideas
at the grade
level and across grade
levels and to the
Common Core State
Standards (CCSS)
National position NA NA outline responsibilities
Science statement of of science coordinator
Teachers NSTA on in regard to NGSS
Association. NGSS
(2013)
ICEF. (2016) literacy NA NA outline responsibilities
Job specialist job of literacy specialist/
description:  description coordinator in regard to
Language CCSS and NGSS
and literacy
specialist
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Greenleaf, C. This study was In total, 105 The intervention Data showed that
L., Litman, designed to biology consisted of 10 days intervention teachers
C.,Hanson, examinethe teachersin  of professional demonstrated increased
T. L., Rosen, effectsofan 83 schools  development in support for science
R., instructional ~ were Reading literacy learning and
Boscardin,  framework, recruited, Apprenticeship, an  use of metacognitive
C. K, Reading with 56 instructional inquiry routines,
Herman, J., Apprenticeshi teachers (43 framework reading comprehension
... and Jones, p, and an schools) integrating instruction, and
B. (2011) accompanying assignedto  metacognitive collaborative learning
professional  the treatment inquiry routines into structures compared to
development  group and 49 subject- area controls. Students in
model on teachers (40 instruction to make treatment classrooms
teachers’ schools) explicit the tacit performed better than
ability to assigned to  reasoning processes, controls on state
integrate the control  problem- solving standardized
disciplinary  group., strategies, and assessments in English
literacy students 1024 textual features that language arts, reading
practices into  from 42 shape literacy comprehension, and
science schools. This practices in academic biology.
teaching in was a three-  disciplines. The
high school year study.  study utilized a
biology group-randomized,
classes, experimental design
exploring the and multiple
resulting measures of teacher
changes in implementation and
teacher student learning and
knowledge and targeted groups
instructional historically
practices and unrepresented in the
student sciences.
achievement in
science and
reading.
Pearson, P. Toexamine  NA Guided inquiry Greater proficiency in
D., Moje, E., synergies through multiple science reading,
and between literacies, in depth  writing, and inquiry for
Greenleaf, C. inquiry science expanded application all students requires
(2010) and literacy so of science, seeds knowledgeable teachers
teaching and of science-roots of  who understand that
learning of K- reading, reading literacy enhances
12 curriculum. apprenticeship, and  science rather than
textual tools. replace it.
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Cervetti, G.  This study Teachersin  Half of the teachers  Students in the
N., Barber, J., investigates 94 fourth taught the treatment treatment group made
Dorph, R.,  the efficacy of grade unit, an integrated  significantly greater
Pearson, P.  anintegrated classrooms in science—literacy unit gains on measures of
D., and science and one southern on light and energy  science understanding,
Goldschmidt, literacy state designed using a science vocabulary, and
P.G. approach at participated. curriculum model science writing.
(2012) the upper- that engages students Students in both groups
elementary in reading text, made comparable gains
level. writing notes and in science reading
reports, conducting  comprehension.
firsthand
investigations, and
frequent discussion
of key concepts and
processes to acquire
inquiry skills and
knowledge about
science concepts,
while the other half
of the teachers taught
a content-
comparable science-
only unit on light and
energy and provided
their regular literacy
instruction.
Sadeh, I., and This study 50 high- Students were The study’s results
Zion, M. compared the school divided into guided revealed that open
(2009) influence of  students were and open inquiry inquiry students
open versus  observed learning groups and  performed significantly
guided inquiry throughout  followed for 2 years. higher in changes
learning their biology The data sources during inquiry &
approaches on studies in included interviews, procedural
dynamic preparation  students’ papers, & understanding.
inquiry for reflective journals.
performances matriculation
among high-  exams, and
school biology studies
students. during 11th
and 12th
grade.
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Bybee, R. This report NA NA This report summarizes
W., Taylor, J. summarizes recent research on the
A., Gardner, recent research sequencing of science
A., Van on the instruction, including
Scotter, P.,  sequencing of laboratory experiences,
Powell, J. C., science in order to facilitate
Westbrook, instruction, student learning.
A, and including Specifically, the report
Landes, N.  laboratory provides a rationale and
(2006) experiences, in empirical support for
order to the BSCS 5E
facilitate Instructional Model.
student
learning.
Specifically,
the report
provides a
rationale and
empirical
support for the
BSCS 5E
Instructional
Model.
Bybee, Introduces the NA NA This report introduces
Rodger W.  BSCS 5E the BSCS 5E
(2009) instructional instructional model and
model and summarizes research
continues with supporting the model.
sections In addition, it includes
summarizing implications for use of
research an instructional model
supporting the for the development of
model. 21st century skills in
science education
curriculum and
instructional practices.
Bybee, R. reflect onthe NA NA This reflection exposed
(2014) instructional on 5E instructional
model and model and describe
describe the some contemporary
implications, implications,
particularly in particularly in the era of
the era of NGSS.
NGSS.
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Buckley, B.  Paper Data were All students took a  The tenets of model-
C., Gobert, J. describes part collected in genetics content based learning
D., Kindfield, of a project multiple knowledge pre- and are based on the
A.C, called classes from  posttests. Traces of  presupposition that
Horwitz, P.,, Modeling one middle students’ actions and understanding
Tinker, R. F., Across the school and responses to requires the
Gerlits, B.,  Curriculum eight high computer-based construction of mental
Wilenski, U., thatisalarge- schools. An  tasks were models of
Dede, C., and scale research intensive 3-  electronically the phenomena under
Willett, J. study in 15 day field test collected and study, and that all
(2004) schools across involving 24 systematically subsequent
the United middle school analyzed. An problem-solving,
States. students intensive 3-day field inferencing, or
served to test involving 24 reasoning are done
refine methods middle school by means of
and create students served to manipulating or
narrative refine methods and ~ “running” these mental
profiles of create narrative models.
students’ profiles of students’
learning learning experiences,
experiences,  outcomes, and
outcomes, and interactions with
interactions BioLogica.
with
BioLogica.
Ogan- The purpose of The True-experimental ~ Results show that
Bekiroglu, F., this study was participants  design using construction of concrete
and Eren to examine consisted of 24 qualitative data was models and using them
Belek, D. effects of pre-service carried out for this in their discussions and
(2014) model-based  physics study. Control and  explanations provide
teaching on teachers, 14 of experimental classes’ learners with more
students’ whom were  argumentations were accurate, consistent,

argumentation
skills.

females. Their compared to measure

ages ranged  the impact of

from 20 to 22. implementation of
model-based
teaching on
argumentation. The
experimental class
was randomly
selected by drawing
lots. The study last 7
weeks.

appropriate, and
relevant arguments. In
addition, models’
quality affects the
number of claims,
evidences and reasoning
that are produced during
argumentation. The
closer learners’ models
are to the real situations
the better their
arguments.
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Louca, L. T., Our purpose in Meta-study Our review shows that
and Zacharia, this paper was MbL has made
Z.C.(2012) to review this cognitive,
research in metacognitive, social,
order to material and
systematize epistemological
the knowledge contributions in science
accumulated education. Furthermore,
and to provide it reveals that important
an overview of information is still
what needs to missing in order to
be investigated ensure effective
further. We implementations of
also took into MbL.
account and
describe the
role of the
teacher as part
of the review.
Pearson, P.  to examine NA As a final point, we  Moje and colleagues
D., Moje, E., synergies emphasize that all of redesigned the initial
and between our suggestions secondary teacher
Greenleaf, C. inquiry science for moving ahead are education program at
(2010) and literacy really suggestions  the University of
teaching and for making inquiry ~ Michigan to focus on
learning of K- the common theme  building understanding
12 of reform. of the disciplinary
(kindergarten practices supported by
through high reading, writing, and
school) reasoning, rather than
curriculum. treating literacy
methods as a separate
subject.
Klemmer, C. To determine n = 647. third, Posttest only quasi- Students in the
D., Waliczek, the effect of a fourth, fifth experimental . a experimental group
T.M.,and  school grade from 7  control N-193 had  scored significantly
Zajicek, J. M. gardening elementary traditional higher than those in the
(2005) program on schools in instruction. n 454 control group.
the science Temple, Texas had Nadson

achievement
of elementary
students

gardening activities
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Sivertsen, M. U.S.

L., and Office Department of
of Education
Educational would like to
Research and share ideas
Improvement drawn from
(ED), W. R. research and
(ED), promising
Washington, practice in
DC. Office of science
Research. education
(1993)

public message

"Each of the following
topics is examined 1)
Science is for all
students;(2) Setting
science standards
provides a valuable
resource for improved
instruction;(3) Students
learn by "constructing”
knowledge; (4) Hands-
on, inquiry-based
instruction is well
established as an
effective teaching
strategy;(5)
Exploration, dialogue,
and discourse promote
understanding;
(6)Instruction should
focus on the essential
key concepts or ideas of
science in the overfull
science curriculum and
on teaching them more
effectively;(7) The
teacher's role is
changing to :Facilitate
student learning, while
the student becomes a
more active
learner;(8)Appropriate
staff development
brings lasting
improvements in
science teaching;(9)
Assessment must be
more closely aligned
with the goals of
science instruction; and
(10) Families and other
concerned adults play
important roles in
promoting science
education.
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King, K., Through a Observations  Through a case study "Findings revealed that
Shumow, L., case study made from the approach, teachers were more
and Lietz, S. approach, perspective of poorly prepared than
(2001) urban a science had been anticipated,
elementary education both in terms of science
school (K-8)  specialist, an content knowledge and
in a large educational instructional skills, but
Midwestern  psychologist, also with respect to the
industrial city. and an expert quality of classroom
elementary pedagogical and
teacher were management skills.

triangulated to
provide a set
of perspectives
from which
elementary
science
instruction
could be
examined
urban
elementary
school (K-8)
in a large
Midwestern
industrial city.
n=4

Particularly significant
from a science
education perspective
was the inconsistency
between how they
perceived their teaching
practice (a hands-on,
inquiry-based approach)
and the investigator-
observed expository
nature of the lessons.
Lessons were typically
expository in nature,
with little higher-level
interaction of
significance.
Implications for
practice and the
associated needs for
staff development
among urban
elementary teachers is
discussed within the
context of these
findings.
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Milner, A. R., The purpose of 7500 randomly mixed. For this "Through this study we
Sondergeld, this study is to selected study, both found evidence that
T. A., Demir, explore the elementary quantitative and highlights a continued
A., Johnson, dynamics that school qualitative data were need to address
C.C.,and impact teacher teachers. 44  collected through a teacher beliefs
Czerniak, C. practice in responded survey regarding the teaching
M. (2012) elementary of practicing of science. Teacher
science, teachers’ beliefs beliefs are often not the
including about their primary focus of

teacher beliefs,
perceptions,
and challenges
pre- and post-
NCLB
required state
science
testing.

elementary science  professional

teaching pre-required development

state science testing  programs—which often
and post-required target pedagogical

state science testing. content knowledge.

Open-ended Gess-Newsome (2003)
questions were argued that professional
included on the development programs
survey and analyzed have rarely resulted in
qualitatively. A change due to lack of
small sample of focus on ‘‘fundamental

survey respondents  and complex beliefs
were contacted for  about what it means to

further phone teach science’” (p. 10).
interviews after the  In-service, as well as
surveys were pre-service science
collected. teacher programs

should ground their
experiences in a
purposeful focus on
existing beliefs of
current and future
teachers.

(Continued)
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Maier, M. F., the goal of the n-507. national Concurrent and "Teachers

Greenfield, current study head start predictive validity of also endorsed lower

D. B., and was to develop teachers with  the derived P-TABS levels of comfort

Bulotsky- and validate a educations dimensions was regarding “planning and

Shearer, R. J. new self-report ranging from examined using demonstrating

(2013) questionnaire associate to  teacher-reported classroom activities
of preschool  masters/ involvement in related to physical and
teachers’ doctorate. science-related energy science,” which
attitudes and activities, IS consistent with
beliefs toward participation in a previous research
science preschool science suggesting that
teaching (the curriculum, and educators prefer
Preschool observation of teaching life and earth
Teacher science classroom  science more than
Attitudes and instructional physical
Beliefs toward practices. science. teachers may
Science feel uncomfortable
Teaching admitting there are
questionnaire barriers to teaching it,
[P-TABS]) such as how difficult it
using a is to teach, that they do
statewide not have time for it, or
sample of that they do not feel
Head Start they have enough
teachers content knowledge

in science.
Blank, R. K. Theresearch used NAEP  NA "National trend data
(2013) for this paper data to show a decline in

focuses on the
role of
elementary
education in
science

as an
important
preparatory
step.

determine how
science contact
time impacts
performance

instructional time

in the elementary
grades on science
instruction over the past
two decades.
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Knaggs, C.  This study Study Mixed methods. This "Our quantitative data
M., and looked at a participants all study uses a repeated showed significant
Sondergeld, sample of pre- attended a measure with increases in
T. A. (2015) service small private intervention mixed  science SE on both
elementary Catholic methods concurrent  subscales (personal
teachers institution in  design. Our study is  efficacy and outcome
engaged ina  Northwest considered repeated expectancy). Our
semester-long Ohio. All measures because we qualitative data showed
science PSTs in the are measuring that students
content course, course for one student SE over time. communicated an
using semester (N = The intervention increased sense of
Bandura’s 26) were being employed is  confidence with regard
concept of SE included in the course focusing  to the discipline of
asa this study. on science content  science. Combining our
conceptual with embedded findings resulted in
framework. experiences designed several meta-inferences,
to improve science  one of which showed
SE. Both quantitative students growing as
and qualitative data  both confident learners
were collected and  of science and teachers
analyzed at the same of science
time). simultaneously.
Maeng, J. L., goal of the These 10 male This study employed "Results indicated that
Mulvey, B.  present work and 16 female a qualitative case participants
K., Smetana, isto describe participants  study research incorporated
L. K., and how pre- were enrolled design with the goal technologies
Bell, R. L. service science in a 2-year of characterizing appropriate to the
(2013) teachers Master of participants’ use of  content and context to
promote Teaching instructional facilitate non-
students’ (M.T)) technology to experimental and
inquiry skills  program ata  support inquiry experimental inquiry
by engaging  large, public instruction experiences.
students in Mid-Atlantic  through analysis of  Participants developing
science inquiry University. classroom TPACK was evidenced
using observations, by their selective and
technology. participant appropriate use of
interviews, and technology.
artifacts.
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Morrell, P.  study Respondents  Paired t-tests were  "In this study, it would
D., and examines the inthisstudy runonthe preand  appear that the methods
Carroll, J. B. impact of were post survey scores  course positively
(2003) science elementary for each course. The impacted the

methods pre-service PSTE and STOE elementary pre-service

courses, teachersina  section scores were teachers' PSTE. The

student four-year analyzed separately. scores on this scale

teachingand undergraduate significantly increased

science teacher over the duration of

content education each methods course.

courses on program. n =

elementary 75

pre-service

teachers'

science

teaching self-

efficacy.
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Arce, J., A Study of the Five An ethnographic lens "This study suggests
Bodner, GM., Impact of “traditional”  (Anderson, 1989; that, for some teachers,
and Inquiry-Based teachers in Brandt, 1992; extensive in-service
Hutchinson, Professional  Puerto Rico  Bhattacharya, 2007; professional
K. (2014) Development were selected Fetterman, 1989; development can
Experiences  fromamong  Garfinkel, 1967; produce a substantive
on the Beliefs schools that ~ Wolcott, 1980) was change in teachers’
of had not used to guide this beliefs about optimum
Intermediate  participated in research because it  teaching practice. But
Science the reform provided a method  this change can have
Teachers about project. for interpreting unforeseen
“Best findings from a consequences; in this
Practices” for cultural perspective  case, the formation of a
Classroom (Patton, 2002). set of beliefs or values
Teaching that forgot the
importance of building
quantitative skills as
well a conceptual
understanding of the
concepts being taught.
King, K., Through a Observations  Through a case study Findings revealed that
Shumow, L., case study made from the approach, teachers were more
and Lietz, S. approach, the perspective of poorly prepared than
(2001) state of a science had been anticipated,
science education both in terms of science
education in  specialist, an content knowledge and
an urban educational instructional skills, but
elementary psychologist, also with respect to the
school was and an expert quality of classroom
examined in  elementary pedagogical and
detail. teacher from management skills.
an elementary Particularly significant
school (K-8) from a science
in a large education perspective
Midwestern was the inconsistency

industrial city.

n=4

between how they
perceived their teaching
practice (a hands-on,
inquiry-based approach)
and the investigator-
observed expository
nature of the lessons.
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Pearson, P.  to examine NA NA Teacher learning is
D., Moje, E., synergies most profound when
and between teachers
Greenleaf, C. inquiry science can employ the very
(2010) and literacy same inquiry processes
teaching and for their own
learning of K- professional learning
12 that they aspire to enact
(kindergarten with their students. By
through high making their own
school) learning about literacy
curriculum. and science pedagogy
the object of inquiry,
teachers can
simultaneously develop
the insights and
pedagogical strategies
they will need to
mentor their students.
Milner, A. R., The purpose of 7500 randomly mixed. For this "Change in science
Sondergeld, this study is to selected study, both teaching practice
T. A., Demir, explore the elementary quantitative and requires support of local
A., Johnson, dynamics that school qualitative data were administration and is
C.C., and impact teacher teachers. 44  collected througha most effective when a
Czerniak, C. practice in responded survey critical mass of teachers
M. (2012) elementary of practicing within the school are on
science, teachers’ beliefs board. Interestingly, we
including about their found that teachers’

teacher beliefs,
perceptions,
and challenges
pre- and post-
NCLB
required state
science
testing.

elementary science
teaching pre-required
state science testing
and post-required
state science testing.
Open-ended
questions

were included on the
survey and analyzed
qualitatively.

beliefs were more
influenced by their
administration and peer
group than they were by
federally mandated
policy. Teachers
indicated that time and
resources were barriers
but the opinions of
others and school
mandates were the most
closely aligned to their
emerging practice.
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Griffith, G., This research This Instrumentation Data "One of the teachers
and examines the instrument was reported upon in this who was required to cut
Scharmann, impact of the distributed to  study were collected instructional time for
L. (2008) No Child Left K-6 educators through an online,  science (n = 37) stated,

Behind via a voluntary response
(NCLB) Act  Midwestern  survey. The
on elementary State researchers
science Department of developed the survey
education Education instrument (see
within a science listserv Appendix A) and
Midwestern  and a included the same
state Midwestern ~ main research
possessing Association of questions and sub-
strong national Teachersof  questions. The
education Science instrument included
measures. listserv with  demographic and
reminders closed-ended initial

being e-mailed questions with open-
five days prior ended follow-up
to the survey  queries.

“We have been directed
to spend more time on
math and reading
because those are the
subjects upon which
AYP is based. At my
grade level, we teach
each of those subjects
for a minimum of one
and a half hours daily.
Some children are on
‘pull out’ for even more
instruction in math and
reading.” Another
teacher indicated she
was “’forced to [cut

end date. n = instructional time in
164 science] in order to
increase minutes for
math and reading,” and
yet another stated,
Fairweather, examinethe NA lit review "On balance the
J. (2008) variety of research suggests that
problems in the greatest gains in
STEM STEM education are
education and likely to come from the
the role of development of
pedagogical strategies to encourage
reforms in faculty
solving them. to implement proven

instructional strategies
rather than to carry out
on these strategies."
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Sousa, D. A., Ifweexpect NA lit review. editorial ~ "The main objective of
and Pilecki, STEMto both art and science is
T. (2013, improve discovery. Scientists
February 26) student and artists work
learning, creatively toward a
curriculum product. Now,
must become neuroscience adds its
more relevant, discoveries to the mix.
and instruction Implications from
concentrate recent brain research
more on findings—Ilike the
creative and exciting evidence that
real-world creativity can be
problem taught—further support
solving—in the integration of arts-
other words, related topics and skills
what working into STEM courses,
scientists and adding the A for arts to
mathematician become STEAM.
s really do.
creativity?
Tutwiler, S., studyaimsto n =180, 6 Quantitative/Observa In conclusion, we
Gruner, H.,, measure the  years. tional longitudinal  detected a strong
Johnkoski, J., impact of this analysis of positive observational
Inga, S., and collaboration Connecticut Mastery relationship between
Brady, M. on student Test science scores  5th grade CMT scores
(2013, achievement. over a six-year and teacher
November) period (two before  participation in the

and four after the PD
partnership started)
indicates a strong
positive relationship.
conducted a
regression
discontinuity
analysis of 5th grade
CMT scores from
2008 to 2013.

whole-school inquiry-
based PD at the Annie
Fisher Stem Academy,
an urban magnet school
in Hartford CT. This
effect was also detected
at a suburban
elementary school in a
nearby district that has
adopted the same PD
model. Follow-up
regression analyses
showed that the impact
of the school reform
was rapid and resulted
in continued gains."”
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Coelli, M.,  Weestimate Thedatawe Quantitative. the idea "Our results suggest
and Green, D. the effectof  employ is BC behind the estimator that principals have a
A. (2012) individual Ministry of is that if principals  stronger impact on
school Education have English exam scores
principals on  administrative individual effects on than on graduation
student high  data on all school outcomes, rates. Our results
school youth enrolled then the variance of showed a sizable
graduation in those outcomes heterogeneity in school
probabilities  grade 12 in should be greater in  principal quality,
and grade 12 public schools schools which have particularly
provincial at the start of  more principals over in affecting the grade
final exam November in  agiven time period. 12 English exam scores
scores the period In the second Specifically, getting a
employinga 1995 to 2004. component of our principal who is one
unique For each grade empirical strategy,  standard deviation
administrative 12 student, we we estimate a simple better in the principal
dataset from  observe dynamic model effects distribution
the Canadian  whether and implies that graduation
province of  when they rates will be higher by
British graduated 2.6 percentage points
Columbia. from high and English exam
school, as long scores will be higher by
as it occurred 2.5 percentage points if
before October principals are given
2005. time to fully “make
their mark™ on the
school.”
McLaughlin, In2012,the In2012,150 "mixed. We "As class attendance,
J. E., Roth,  authors flipped of the 162 used paired t teststo  students’ learning, and
M. T., Glatt, arequired students compare pre- and the perceived value of
D. M, first-year completed the post course survey  this model all increased

Gharkholonar
ehe, N.,
Davidson, C.
A., Griffin, L.
M., ... and
Mumper, R.
J. (2014)

pharmaceutics

course at the
University of

North Carolina

Eshelman
School of
Pharmacy.

pre- and post
course
surveys; All
students

completed the

course
evaluations
(162 in 2012
and 153 in
2011).

responses,

independent t tests to
compare course
evaluation responses
& final exam scores
and Pearson rho to

investigate

correlations between
continuous variables.

The statistical

significance at o =

.05."

following participation
in the flipped
classroom, the authors
conclude that this
approach warrants
careful consideration as
educators aim to
enhance learning,
improve outcomes, and
fully equip students to
address 21st-century
health care needs."
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Kuh, G. D., This study The data for  The data for this "First, student
Cruce, T. M., sought to this study are  study are from 18 engagement in
Shoup, R., determine the from 18 baccalaureate- educationally
Kinzie, J., relationships  baccalaureate- granting colleges and purposeful activities is
and Gonyea, between key  granting universities that positively related to
R. M. (2008) student colleges administered the academic outcomes as
behaviorsand and National Survey of  represented by first-
the universities Student Engagement year student grades and
institutional ~ that (NSSE) at least once by persistence between
practices and administered  between 2000 and  the first and second
conditions that the National ~ 2003. year of college. Second,
foster student  Survey of engagement has a
success. Student compensatory effect on
Engagement first-year grades and
(NSSE) at persistence to the
least once second year of college
between 2000 at the same institution.
and 2003.
Maier, M. F., the goal of the n-507. national Concurrent and Teachers also endorsed
Greenfield, current study head start predictive validity of lower levels of comfort
D.B., and was to develop teachers with the derived P-TABS regarding “planning and
Bulotsky- and validate a educations dimensions was demonstrating
Shearer, R. J. new self-report ranging from examined using classroom activities
(2013) questionnaire associate to  teacher-reported related to physical and
of preschool ~ masters/ involvement in energy
teachers’ doctorate. science-related science,” which is
attitudes and activities, consistent with previous
beliefs toward participation in a research suggesting that
science using a preschool science educators prefer
statewide curriculum, and teaching life and earth
sample of direct observation of science more than
Head Start classroom physical
teachers instructional science.
practices.
Thomas, J.  trace the legal, na Literature review "On April 11, 1965,
Y., and legislative, and President Johnson
Brady, K. P. political adopted this approach
(2005) history of the and the ESEA was
ESEA. passed, with Title |

representing the largest
financial component of
the legislation.
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Bush, G. W. NA NA NA

(2001)

"Federal block grants
are provided to states
for schools that
establish annual
assessments, demand
progress, improve
poorly-performing
schools, create
consequences for
failure, and protect
home and private
schools. The "Reading
First” initiative gives
funds and tools to
promote literacy
through comprehensive
research-based
programs. To enhance
teacher training, the
plan offers greater
flexibility in
professional
development, high
standards, innovation,
shielding from liability,
tax deductions for
teachers, and teacher
quality information to
parents.

Brookhart, S. A review of NA lit review

M. (2009)

literature on
accountability
policies and
measures that
affect students,
teachers, and
student
achievement.

"the literature supports
that NCLB has had both
positive and negative
effects.
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Klein, A. explanation of "The top-line stuff: The
(2015) what is in the ESSA is in many ways
act and what is a U-turn from the
different from current, much-maligned
NCLB version of the ESEA
law, the No Child Left
Behind Act. States
would still have to test
students in reading and
math in grades 3
through 8 and once in
high school, and break
out the data for whole
schools, plus different
"subgroups" of students
(English-learners,
students in special
education, racial
minorities, those in
poverty).
Ravitch, D. NA NA NA NA
(2016)
McLaughlin, NA NA NA NA
M. W., and
Talbert, J. E.
(2001)
Hord, S. M. NA NA NA "People everywhere
(2008) generally agree that the

purpose of schools is
"student learning."
Further, people are
generally in agreement
that the most significant
factor determining
whether students learn
well is "teaching
quality.” Teaching
quality is improved
through "continuous
professional learning."
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Hord, S. M.  Approaches  Three parents, The data were "five major dimensions
(1998) that schools  a central office gathered through of the professional
can use to staff person,  personal interviews, learning community:
create ahigh anda conducted by SISS  supportive and shared
quality, professor from staff with 30 leadership, collective
professional, a nearby members of the learning and application
working university Cottonwood Creek  of learning, shared
community are involved with  School staff, the values and vision,
provided in the school for current principal, and supportive conditions,
this journal the past the previous and shared personal
ISsue. decade were  principal. In practice."
also addition, an
interviewed.  interview was
All but three  conducted with the
of the previous
interviews instructional guide
were tape- who served in this
recorded and  role to-support
later teachers' effective
transcribed. practice.
Blacklock, P. The purpose of criterion based The method used in  "The 5
J. (2009) this study was sample this study was a dimensions of the

to determine

development
of the 5
dimensions of
the
professional
learning
community
model in
improving
exemplary
Texas
elementary
schools and to
identify and
compare the
possible
commonalities

qualitative
the level of the study. n = 247

mixed method
approach that
employed a
questionnaire,
individual principal
and teacher
interviews and
school performance
documents to
collect data.

professional learning
community model
investigated in this
study include: 1)
shared and supportive
leadership, 2) shared
values and vision, 3)
collective learning and
the application of
learning, 4) shared
personal practice and 5)
supportive conditions.
The findings from this
study suggest that
sustainable professional
learning communities
are evident in the high
performing schools
selected for this study.
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DuFour, R.  Tocreate a NA commentary Big Idea 1- the ongoing

(2004) professional exploration of three
learning crucial questions that
community, drive the work of those
focus on within a professional

learning rather
than teaching,
work
collaboratively
, and hold
yourself
accountable
for results.

learning community:

* What do we want each
student to learn?

* How will we know
when each student has
learned it?

* How will we respond
when a student
experiences difficulty in
learning? In order for
PLC's to exist, they
must be systematic and
school wide, timely.,
based on intervention
rather than remediation
and directive toward
students rather than
invitational. Big Idea
#2: A culture of
Collaboration. The
powerful collaboration
that characterizes
professional learning
communities is a
systematic process in
which teachers work
together to analyze and
improve their classroom
practice. Teachers work
in teams, engaging in an
ongoing cycle of
questions that promote
deep team learning.
This process, in turn,
leads to higher levels of
student achievement.
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Stoll, L., Understanding NA Literature Review  This literature review
Bolam, R.,  effective PLCs and, indeed, the
McMahon,  in schools and research in England to
A., Wallace, research into which it was attached
M., and their (Bolam et al., 2005),
Thomas, S.  existence, concludes that building
(2006) operation, and PLCs is by no means
effectiveness easy. A number of
are ata subtle as well as more
relatively early overt processes require
stage of work, and there are
development influences, both within
in many and external to schools
countries, that can either facilitate
although the or severely inhibit the
evidence process.
suggests they
have a positive
impact on
school
improvement.
ASCD. to analyze and NA Literature Review  Broke down and
(2015, highlight the compared present
December major standards with past.
16) components of
NGSS
Supovitz,J. To determine survey data Using data froma  The findings indicate
A. and The Effects of collected from National Science that the quantity of
Turner, H. M. Professional 3464 science  Foundation Teacher professional
(2000) Development teachersand  Enhancement development in which

on Science 666 principals
Teaching in the 24
Practices and  localities in
Classroom 1997.

Culture

program called the
Local Systemic
Change initiative,
this study employs
hierarchical linear
modeling to examine
the

relationship between
professional
development and the
reformers' vision of
teaching practice.

teachers participate is
strongly linked with
both inquiry-based
teaching practice and
investigative classroom
culture. At the
individual level,
teachers' content
preparation also has a
powerful influence on
teaching practice and
classroom culture.
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Garet, M. S., Todetermine n =1027 math Quantitative, large- There are three core
Porter, A. C., what makes  and science scale empirical features to PD activities
Desimone,  professional  teachers from comparison (using  that have significant
L., Birman, development 358 districts teacher activity positive effects on
B. F., and effective? across the US. survey) of effects of teacher self-reported
Yoon, K. S. They were different increase in knowledge
(2001) randomly characteristics of PD and change in
selected from on teacher learning. classroom content:
Eisenhower focus on content
fund grantees. knowledge,
opportunities for active
learning, and coherence
with other learning
activities.
Gregory, A., Todetermine The 87 quantitative , quasi- The study found that
Allen, J. P., the Effect of a participating experimental study intervention teachers
Mikami, A.  Professional  teachers taught used a randomized  had
Y., Hafen, C. Development in 12 different controlled designto significantly higher
A. and Programon  schools in test the efficacy of  increases, albeit to a
Pianta, R. C. Behavioral Virginia. The the My Teaching modest degree, in
(2014) Engagement of number of Partner-Secondary  student behavioral
Students in teachers per ~ program to increase engagement in their
Middle and  school ranged behavioral classrooms after 1 year
High School from 1to15. engagement. of involvement with the
program compared to
the teachers in the
control group
Reiser, B.J. Thisresource NA NA NA
(2013, articulates the
September)  required
changes in

professional
development
of teachers
called for in
the Framework
for K-12
Science
Education and
the Next
Generation
Science
Standards.
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Cooper, M. NGSS NA editorial Teachers who

M. (2013) adoptions learn chemistry in
effect on lecture formats where
students, there is a one-way
educators and transmission of facts,
their where skills are learned
instructive by rote, and
methods as calculations are done by
they pertain to analogy to a worked
chemistry example or by
instructors filling numbers into a

formula are unlikely to
understand the
increased depth
required to teach to the
NGSS. That is, if we
teach our introductory
chemistry courses in a
traditional way,

using lectures,
cookbook laboratories,
and multiple-choice
testing, future teachers
will not develop
expertise in asking
questions, developing
models, or arguing from
evidence.
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Citation Purpose Sample Method Findings/ Outcome
Rivera, M. A. this study Ten middle 2009 four week, full Nonetheless the
J., Manning, describeand and high time professional teachers reported that
M. M.,and evaluate a school development course, all sections of the
Krupp, D. A. professional  teachers producing novel program contributed
(2013) development  primarily from place-based lesson  significantly to their
program for ~ Hawai‘i public plans to execute in  overall professional
Hawaiian high schools  their home development.
science participated ~ classrooms. mixed  possessing robust
teachers method study. Pre  subject matter
integrating and post analyses of knowledge improves
content teacher reported teacher confidence, the
knowledge confidence levels in  ability to teach science
instruction teaching ten effectively is not always
while using environmental and  alone a function of
inquiry marine science topics content knowledge
methods to showed significant ~ p.233 by the end of the
conduct short improvements after  program, average self-
duration the course. The reported comfort levels
research course was delivered overwhelmingly
experiences. at the University of  improved and were
Hawai‘i’s Windward statistically significant
Community College in all ten topics as well
and Manoa’s as overall.
Hawai‘i Institute of
Marine Biology.
‘Lederman, J. detailed 4-8th grade Qualitative with Involvement in PD
S., Holliday, description of Illinois observations programs is
G.M.,and  science PD teachers, N = encouraged, the quality
Lederman, N. programs that 90 of the PD provided is
G. (2012) use museum often suspect (p.98).
and university Exhibit designers will
staff to often design an
collaboratively experience so that the
support participant can explore
learning of the topic, have the
content, exhibit explained to

them, and then expand
the concept encountered
and generalize and
apply it to everyday
experiences.
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Short, J. explainhow NA collaborative work ~ Museums can develop
(2014, the museum of group to develop PD innovative resources,
November  natural history and student materials visualize data, bring the
18) in NYC, with for support of NGSS real work of scientists
NSF, has into instructional
created NGSS materials, and help
support for make learning science
teachers and more accessible and
students. engaging for students.
Teachers can help
inform the development
of these resources by
sharing the realities of
the classroom and
challenges of
addressing the needs of
all students. Nonprofit
partners can provide
expertise and tools to
help science teachers
achieve their goals.
Roth, K., The paper Quant.48 Mixed method. In STeLLA teachers
Wilson, C.,  maps the upper- the video case study, attend a science content
Taylor, J., history of this elementary teachers' interactions deepening session in the
Hvidsten, C., research, teachers in with each other and  morning and a lesson
Stennett, B., demonstrating urban with video cases as  analysis session in the
Wickler, N., how it settings in they analyzed afternoon as part of the
Bintz, J. rigorously Southern science content, summer Lesson
(2015) testsavideo  California science teaching, and Analysis PD program.
case based, Qual. n =144 science learning in  The study found that a
analysis-of- small (5-10 one-year PD program
practice teachers), grade-level can result in

professional
development
program,
explores the
three phases of
research
mapped out by
Borko, and
explores
scalability and
sustainability.

study groups, each
led by a PD leader.
These interactions
began during a two-
week summer
institute and

continued in monthly

3.5-hour meetings
across the school
year. Colorado's
Front Range.

significantly improving
students’ science
learning.
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Akerson, V.  This study This study Qualitative. We We found that students
L., Morrison, examined the reports investigated one made substantial
J.A., and views, and the on 17 of those cohort of pre-service improvements in their
McDuffie, A. retention of  students elementary teachers understandings of the
R. (2006) these views, of because we enrolled in an target
19 pre-service had a complete elementary science  aspects of NOS as a
elementary set of data for methods course. result of their
teachers as these students Data collection of  participation in an
they learned (14 females,  teaching approaches explicit reflective
about nature of 3 males). Their for NOS was science methods course.
science (NOS agesranged  continuous and At the second
between 25 spanned an entire administration of the
and 49 years, semester. We questionnaire most
with a median compared pre- students exhibited a
of 32 years, service teacher marked improvement
and they were conceptions of NOS in their understandings.
working at the beginning and However, results of the
toward a end of each semester interview and
master’s in and again 5 months  questionnaire data at the
teaching after the students had conclusion
(MIT) degree  been out of the of the academic year
in elementary methods course. We indicate
education. All used an open-ended that the students did not
students were questionnaire in always retain their new
in conjunction with conceptions of most
the first year  semi structured NOS aspects, and they
of their interviews to assess  sometimes reverted to
programs. participants’ views  original understandings.
of the target aspects
of NOS.
Kang, E.J., theresearchers 8 pre-service Qualitative with four Teacher learning in
Bianchini, J. examined pre- teachers. This types of data: communities can be
A. and service teacher study took videotaped described as acquiring
Kelly, G.J.  participants’  place withina interaction s of the knowledge, skills,
(2013) ease in small, fifth-  teachers, draftsand language, and habits of
crossing the  year teacher  peer reviews of a mind for membership in
cultural border education lesson, inquiry a particular teacher
from program in lesson plans, and 30 education program,
traditional southern minutes pair of pre- classroom, or school
science student California. service teacher culture .
to inquiry- interviews.
minded
science
teacher.
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Irez, S. this study this study A reflection-oriented The most influential
(2006) explores 15 focusesona  qualitative approach examination in a typical
Turkish group of was adopted inthe  Turkish student’s life is
“prospective”  prospective investigation. Data  the university entrance
science teacher science teacher were collected examination, which is
educators’ educators through two sets of  called OSS. Although
beliefs about  (PSTE) interviews with the  some alterations have
NOS in the who, at the participants and been made recently,
context of time of the analyzed by means traditionally, the
teacher study, were  of cognitive maps.  university entrance
education studying Coded for emergent examination assesses
reform in abroad as a themes. the content knowledge
Turkey. part of the of students in a variety
Turkish of subjects such as
government’s biology, chemistry,
strategy to Turkish, and maths.
improve the This has affected
quality of teaching and learning
teacher negatively in the

education and
assesses the
beliefs of these
teacher
educators
regarding
NOS. The
group
consisted of
nine males and
six females.

nation’s schools.
Getting a high score in
the university
examination has
required the mastering
and memorizing of
content by the students.
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Maeng, J. L., goal of the 26 participants Qualitative. This Appropriate technology
Mulvey, B.  present work is who used study employed a use for inquiry included
K., Smetana, to describe technology to qualitative case study the following: (1) to
L. K., and how pre- support such  research design with present an engaging
Bell, R. L. service science instruction the goal of introduction, (2) to
(2013) teachers were selected characterizing facilitate data
promote fromthe 27  participants’ use of  collection, (3) to
students’ participants of TPACK model as facilitate data analysis,
inquiry skills  previous related to the present and (4) to facilitate
by engaging investigations. investigation communication and
students in These 10 male instructional discussion of results.
science inquiry and 16 female technology to These results suggest
using participants ~ support inquiry that using digital
technology. were enrolled instruction through  images to facilitate
in a 2-year analysis of classroom whole-class inquiry
Master of observations, holds considerable
Teaching participant promise as a starting
(program ata interviews, and point for teachers new
large, public  artifacts, and to inquiry instruction.
Mid-Atlantic teaching reflections.
University.
Arnell, R, The purpose of The qualitative, Findings indicated that
(2014) this qualitative participants for purposive case study. while teachers’

case study was the study

to examine if  consisted of
teaching was  nine certified
enhanced educators who
through were engaged
participation in in the

virtual Classroom

communities of 2.0or Flat
practice and Connections
determine if  virtual
teachers’ communities
personal of practice.
beliefs prior to

entering these

communities

influenced

their

engagement.

Data were collected previously held ideas

through 2 semi- were not significantly
structured interviews altered, the social,

with 9 teacher supportive

participants and environments created
analysis of digital through virtual learning
records from the communities made a

Classroom 2.0 and  suitable setting for
Flat Connections professional
Nings. Manual, open development.
coding of the data

revealed themes that

explained the use of

personalized

learning, networks

for instructional

growth, and social

networking for

collaborative

practice.

(Continued)
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Datnow, A., The purpose of The paper The paper draws An analysis of the data
Park, V., and this paper isto draws upon upon qualitative case revealed that a variety
Kennedy- examine the  qualitative study data gathered  of leadership activities
Lewis, B. affordances case study data in six schools that ~ and organizational
(2013) and constraints gathered in structured teacher conditions shaped
that exist in the six schools time for teachers’ collaborative
context of that structured collaboration on data work with data. These
established teacher time  use. included leadership
teacher for focused on thoughtful
collaboration  collaboration use of data and the
time for the on data use. framing of data-driven
purposes of decision making in
data-driven terms of collective
decision- responsibility; the
making. establishment of norms
for teacher
collaboration; the
implementation of data
discussion protocols;
and teacher groupings
and subject matter
subcultures.
Hancock, K. The n =62 (52f,9 qualitative. Faculty  Benefits of peer-
E., Naber, J. implementation m, 1 U), Mean members at a local  teaching: v Increased
L., Cross, S., of peer age 21.1,he  School of Nursing  student learning v
and Mailow, teachingwas  Adult Health  determined that this  Review of previously
T.L.(2016) analyzed to Il nursing would be a useful learned skills v
determine the studentsata  strategy to use to Improved
effectiveness  mid-size, teach beginning communication skills v
of peer southern nursing students Greater confidence v
teaching_ from university_ some of the basic Areas needing
the nursing taught ba5|_c nursing care improvement: v Better
student _ nursmg_skllls interventions. preparation for teaching
perspective. to Nursing Previously, these o More instructions on
Assessment interventions had teaching ol
. g plan
students who  been taught later in . .
were in their  the curriculum, so rqul_rements v F_’rowde
first semester the decision was additional materials to
of nursing made to introduce ~ accompany the lesson
school. new students to these (ex. handouts)
Murray State, skills earlier in the
Murray, curriculum.
Kentucky
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Gregory, K. this study TA'sin from case study, Using TAs was a very

(2013) examined the  science qualitative. time- and labor-
integration of  department in  Observations and intensive method. Not
library literacy the Science instruction feedback only was it necessary to
instruction into and form. create detailed lesson
science literacy Engineering plans and training
COUrSES. library.n =3 opportunities for the

TAs, but the librarian
also needed to gain
buy-in for the project
and convince the TAs
that they had the skills
necessary to conduct
the sessions.

Pearson, P.  use conceptual literature empirical research ~ NA
D., Moje, E., and empirical review study
and lenses to
Greenleaf, C. examine
(2010) synergies

between

inquiry science

and literacy

teaching and

learning of K-

12

(kindergarten
through high
school)
curriculum.

Wright, B.  Mission NA NA NA
(2011) statement of

the Fordham

Mission.

(Continued)
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Moon, J. Explain NGSx NA PD needs to be NGSX1 is designed to
Overview development embedded in subject support teachers in
and Research and use. matter and the learning to bring
Base. challenges students  science practices,

face in making sense
of subject matter. PD
tasks need to involve
active sense making
and problem solving
(This translates into
opportunities to
study examples of
classroom-based
interaction that
reflect a particular
teaching and learning
issue such as
teachers’ questioning
of student thinking.
m PD should enable
this active sense
making through
tools, tasks, and
resources connected
to issues of teachers’
own practice. To
accomplish both the
understanding of the
reforms put forward
in NGSS and CCSS
and specific
knowledge about
how to apply it
requires “sustained,
job-embedded,
collaborative teacher
learning strategies”

particularly modeling,
argumentation, and
explanation into their
classrooms. NGSX is a
unique model of cyber-
enabled professional
learning designed
around learning
pathways, each
composed of eight units
or 24 to 30 hours of
engagement. Pathway
participants, generally
15 to 20, come together
in a study group format
to form a face-to-face
learning community
and take part in this on-
line, web-based system
using individual
laptops, a tablet, or
even a smart phone.
Each unit in the
pathway contains
embedded content and
pedagogical expertise
presented in TED like
talks, classroom video
cases, and an embedded
library of supportive
tasks, tools, and
resources.
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Smart, S. T. how to Teach na literature review and "The Guide enumerates
E.M., & and Learn commentary. NGSS  six features of quality
Schools, L. Under the Next is not a curriculum  teacher professional
L.F.S. Generation but rather a guide.  development: (1)
(2016) Science There are curricula  focused on subject-
Standards being developed to  matter content over

enhance instruction
and they are: IQWST
(Investigating and
Questioning Our
World Through
Science &
Technology) and
THSB (Toward High
School Biology), and
Project-Based
Inquiry Science
(PBIS). T In their
analysis of the NGSS
practice “planning
and carrying out
investigations” into
five components,
Duschl and Bybee
argue for a refocus
on science learning
as a set of “struggle-
type experiences”

general pedagogical
guidance; (2)
responsive to the
specific nature of
teachers’ classroom
practice, accounting for
both grade level and
instructional materials;
(3) centered on real-life
examples of classroom
interaction, thus
supporting teachers’
active engagement and
problem-solving skills;
(4) conducive of
collaborative analysis
and discussion, thus
enabling teachers to
enact the skills NGSS
will demand of
students; (5) sufficient
time and duration, with
multiple PD sessions
spread over the course
of the school year; and
(6) school policy and
practice apart from
teacher learning must
align with and promote
desired changes.
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Lerner, L. S., This report 50 states Our experts "In both
Goodenough, examines K-12 employed new and 2005 and 2012, the
U., Lynch, J., science improved content-  average grade for state
Schwartz, standards for specific criteriaas  science standards
M., and fifty states and well as the “common was a minimal C. CT
Schwartz, R. the District of grading metric” that scores a C, content and
(2012) Columbia, as has been used for all rigor is 4/7 and clarity
well as the of the reports in this  and specificity is a 2/3.
science cycle of Fordham Overall score is a 6/10.
assessment standards reviews.10 The Connecticut
framework of Application of those science standards are
the National criteria and the generally well written,
Assessment of common metric with but a few scientific
Educational yields—for every errors or badly phrased
Progress state in every statements.
(NAEP). Our subject—a two-part  Unfortunately, a
aimis to score: a tally from  significant amount of
evaluate them zero to seven for important material is
for their “content and rigor,” missing, preventing the
intrinsic and a tally from zero Constitution State from
clarity, to three for “clarity  earning top marks
completeness, and specificity.” across the board p.33
and scientific These were The Connecticut
correctness. combined such that  standards are generally
each set of standards strong and cover most
obtained a total of the important topics
number grade, which in science with
was then converted  adequate depth and
to a letter grade rigor.
Reiser, B. J., In this paper, empirical We describeaPD  "There are three areas
Michaels, S., we describe a helpful data  system reflecting of contrast between
Dyer, E., program for these approaches. much current practice
Edwards, K. scaling up PD We then present and the
D., and for three- analyses of the approaches to teaching
McGill, T.  dimensional learning among and learning articulated
A. (2013) science teacher participants in the Framework and
learning across and consider the NGSS
a state. implications of these

results for scalable
design approaches
for supporting
teacher learning.
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Reiser, B. J., This study n=198 Quantitative. MSP  "We evaluated the
Michaels, S., examines the projects generally impact of the PD
Dyer, E., use of the provide teachers with program on multiple
Edwards, K. practice-based 80 contact hours of  aspects of the teachers’
D., and professional professional knowledge, perception
McGill, T.  learning model development inthe  of readiness for NGSS,
A. (2013) in an effort to summer, and four and beliefs about

scale up
professional
development
across a
Midwestern
state that
includes a
major urban
center,
suburbs, and
rural areas.

follow up days in the
following academic
year. The data for

teacher growth

comes from online
surveys given at the

beginning
and end of the
professional

development. The

pre-survey was

administered online
through a link sent

via email to all
participants one

week prior to the

start of the PD.

The post survey was
administered during
the last day of the

PD.

teaching and

learning science.
Teachers’ 3D science
learning scores
increased dramatically
from pretest to
posttest, from -0.41 to
0.59, 1(176) = 17.27, p
<.001, effect size 1.03.
These higher

scores reflect more
accurate and more
mechanistic
explanations for the
phenomena

on the posttest. The
large effect size
indicates a large gain in
teachers’ science
learning about the
nature of matter.
Teachers reported an
increase in confidence
in teaching science in
the ways

called for by the NRC
Framework and NGSS;
prior to PD many
teachers

were unfamiliar or not
very confident, with a
majority shifting to
somewhat

confident or confident
after the PD.
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Citation Purpose Sample Method Findings/ Outcome
Beaudoin,  The purpose of 74 teachers The professional "Mean scores for each
C., Johnston, this paper isto volunteered or development item were calculated
P., Jones, L., provide a were recruited offered in the present by subject domain and
and Waggett, template for by district study incorporated  week (see Table
R. (2013) university identification discovery and active 1 and Table 2 for
faculty based on learning strategies  results). Overall ratings
members who leadership or  that for all items were all
may wishto  need to were specifically above 3.0, which
provide participate in  relevant to biology indicate
support to two, weeklong and a large degree of
teachers. The  workshops. geometry content. A satisfaction with the
support During the weeklong workshop  workshop. Specifically,
provided in this first week, 18 was organized with  participating teachers
effort includes participants  the above findings  thought all eight aspects
securing a attended the  guiding the effort included in the
grantto fund  Biology and held at the workshop were
weeklong session and 22 university. important and helpful.
workshops for attended the ~ Workshop materials There
STEM Geometry were developed was one exception to
teachers. session. through a these ratings. Teachers
During the collaborative effort  rated the
second week, by a team of implementation of
16 and 18 university faculty "clickers" the
teachers and K-12 educators. lowest (:c=2.9). ltems
participated in  The workshop was  that measured aspects
the Biology = conducted twice to  involving the
and Geometry two different groups collaboration of
sessions, of teachers. teachers to create lesson
respectively. plans were rated highest
by all
teachers and sessions."
Erickson, A. This study n = 86. mixed method. Results indicated that
S. G, examines the  Participants  Quantitative. rural sped teacher who
Noonan, P. online PDin  came from the descriptive statistics participated in online
M., and secondary sped mid-west and and independent PD gained knowledge,
McCall, Z.  and transition. north-east samples and paired  increased personal
(2012) sample t-tests. Goal capacity, to apply

attainment scale,
case-based learning
pre/ post assessment,
and satisfaction
survey. Interview.

research based practices
and complemented
research based
transition practices
within their rural
classrooms.
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Larsen, K.,  This study Three Teachers in each "The results
and sought to elementary school received demonstrate that while
Bednarski,  measure the schools from  professional instruction using 3-D
M. (2011, effect of both  Bristol, development inthe  models does increase
September)  3-D models Connecticut, use of the Earth- student understanding
and a digital ~ were selected Moon 3-D model of these topics,
full-dome for this study. and t Styrofoam ball providing a planetarium
planetarium n =106 lunar phases show after instruction
show on fifth demonstration. The increases student
grade students’ same three questions understanding even
understanding were given to the further. The findings
and fifth grade students  from this study agree
misconceptions on three occasions:  with previous studies in
concerning a pretest before suggesting that 3-D
seasons, classroom models in the classroom
eclipses, and instruction, a post-  improve student
lunar phases. test administered a  understanding of
few days after astronomical concepts
classroom involving the sun-earth-
instruction was moon, and they further
completed, and a suggest that including a
post-post-test digital full-dome
administered several planetarium show on
days after this topic after the
the planetarium completion of the in-
show. class unit results in

additional gains in
student understanding.

Rienties, B.,, Todetermine 73 academics Quantitative study. "1. At the start of the

Brouwer, N., the effects of  from nine we designed our training, taking a cut-
and Lygo-  online HEIs in the modules to last for  off value of 3.0 for the
Baker, S. professional Netherlands  eight to twelve TPACK instrument,
(2013) development  participated in weeks, with 54% of the participants
on higher a professional sufficient autonomy indicated that they did
education development  and freedom for not actively use ICT in
teachers' program teachers to learn and their teaching practice.
beliefs and consisting of  reflect at a time of
intentions four separate  their convenience,
towards online with a total time
learning modules investment of 20-25
facilitation and hours.
technology.

(Continued)
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us The homepage NA NA NA
Department to Math and
of Education. Science
(2016) program that
gives details
about the
original
funding
requirements
of Next Gen
CT project.

Next-Gen A page onthe NA NA NA
Science CT. Next Gen CT
(2016) website that

names and

gives the

origins of

contributors to

the project.
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APPENDIX G: OPEN CODES

Note to Reader: Coloration was used as an integral part of code organization. C=C

D
R
Color  Pseudonym G

Quotes

students are taught to question their world and begin to create
Mia A G answers to those questions while learning complex concepts.

get students into the process by allowing them to create
focused, measurable questions about the concept(s) they will
Mia A 1 be learning

Yes. | was trained by CT Science Center and use Inquiry in
Amelia G | myclass.

Inquiry is asking questions and investigating questions to form

Kendra H G explanations of the world.
1.
Kendra H 7 plan and share

Students coming to their own understanding of concepts
Killi I G through exploration

Inquiry based instruction is students come to their own
Killi I 6 understanding of the content

6. it can be through teacher guidance and exploration and hands
Killi I 2 onactivity

7.
Killi I 1 itcan be guided and scaffolded
7.
Killi I 6 It can be much more open and student driven

but I also thing that often that is what science really is and it’s
about being curious about something and really investigating
Killi I 4 it for extended periods of time

students form questions based on real-world scenarios or
scientific phenomena and design their own investigations to
Liam A D form conclusions.
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Student-centered minds-on learning experiences that support
Avery B g students to make their own meaning...

Carefully setting up learning situations for students geared
toward a set of learning goals, allowing time for students to
Ava D explore and come to conclusions on their own

students discover science phenomenon and as a result make
connections to content understanding and application of
Sophia A D knowledge.

They’re are asking a lot of questions and they are trying to do

a lot of discovery learning than front loaded teaching where

you are kind of giving the information its more along the lines

where you are trying to give them a direction and have them
Mary G 8 finding the information themselves.

picture an inquiry lesson where there are many materials out
in the room and you don’t even give them a problem they
Mary G 7 come up with their own problem and their own solution

Ex

or
at she did sometime before 2010 encouraged ongoing staff to
ori continue to attend inquiry workshops in a way that would be

u more time efficient than to have their staff do it case by case
Martin m 8 as they came

EX

pl

or And to me that is what defines inquiry. When they learner has

at some control over decision making and thinking and the more

ori control that the learner has the more open the inquiry is and
the more work the teacher is going to have to do to facilitate
Martin m inquiry and bring it together to make a productive synthesis.

c

Inquiry instruction can take many forms and activities may
Seth I G fall ona spectrum from teacher guided to student led inquiry.

inquiry is providing opportunities for students to utilize

essential concepts in a format in which they are placed in

positions to intentionally "trip" over questions and develop
Tex B G thoughts and paths to respond to them.

3-
Fex B 6 Inquiryis really about being able to set the stage
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2.
Tex B 2 It’s a cultural shift

Groucho A G Proposing a question- or a problem to solve

Inquiry based instruction is students centered approach where

students design/ come up with own questions to investigate

and they design their own experiments to find answers to the

questions that they came up with. And it leads to Ideally other

questions that they have that they further investigate on the
Olivia I 3 chosen topic

inquiry based instruction is student centered and a way to get
kids to ask questions and find out answers um, through a

Olivia I 6 variety of means such as conducting experiments
7.
Olivia I 2 there are different levels of inquiry

7. guided inquiry especially when you first work with students
Olivia I 5 and you try to model it

Olivia I 8 all the way to open inquiry

Students design experiments and collect data to find answers
Olivia I D andthen communicate their findings and evaluate with others.

inquiry instruction occurs when students determine their
Charlotte A G question(s), and then go about figuring out the answer(s).

lesson should be amenable to cater to individual students
interest will bring all students a clear understanding of a
Ethan I G scientific phenomena.

students to seek answers /solve problems that relate to
observations made of the natural world around them. Only
Chloe A G minimal formal training.

Students are guided during the lessons towards find
Isabella I G solution(s) to the question/problem.
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7. and asking questions about it and develop some type of
Anderson B 6 procedures to find answers to their questions
6. a moment to moment ongoing micro basis like thing like not
Anderson B 4 answering question but trying to get them to ask questions
ongoing) large inquiry investigation that is going to take days
Anderson B 7 and days um there is also the giant lab right up
5. inquiry, as just a general mindset is more important than
Anderson B 6 inquiry as some kind of formalized theory of steps.
0. Inquiry-based instruction is teaching by presenting problems
Luke A 8 to students, and asking them to find solutions
Ex
pl
or inquiry-based science instruction there is an opportunity to
at investigate their understanding about particular phenomena.
ori So, if they have an idea about the way something works then
u 6. aninquiry lesson would support them looking for other
Sahara m 2 support or refute that idea.
EX
pl
or
at
ori
u 4. alot of people have trouble with what inquiry looks like. |
Sahara m 2 think that is the struggle.
Inquiry-based instruction is having the students manipulate
materials and explore relationships between variables and
Emma A 1 discover the content concepts for themselves.
Inquiry instruction is when students are doing an activity and
through the process of the activity they ask questions, make
Emma A G observations, and discover a scientific process or concept.
students engage in science explorations and discovery
learning through the use of hands-on activities/opportunities
to develop their science process skills and gain a better
Abigail D G understanding of science concepts.
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~

. scientific activity and I’m thinking about that from an activity

lan 5 theory lens

~

1. explain phenomena in the world and they describe problems
2 that have consequence to society

OrmzZzZZ00Co>r»mMzZ2Z2ZZ00C|0OXV0O
o

lan

u some of the teachers use the Se teaching lesson plans. I've
10/ 5e  Sahara m 2 seenit.

ori

u 2. I wouldn’t say that it is something that is endorsed by what we
10/ 5e  Sahara m 2 do here.

five E model so you would have your engage phase could
look very different in that it would be a very hands on method
to explore, get into the topics. It could be a very, a pencil
paper task or it could be an acted out or something like that
and then you can get into the explore section. That explore
section is really trying to get the kids to grapple with content
and trying to get it very hands-on and looking at data and then
they are looking at explain and looking at what is the meaning
4. of the data and what patterns do they see and there is that
10/5e  Ana D 2 whole evaluation end of it. | really try to thread inquiry thru
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any science process um but it looks different depending on
where we are in the cycle.
U
C
@)
N
N/
N
E
A if you really want to know about NGSS, you should really
10/5e  lan G look into 5e model
U
C
@)
N
N/
N
E
A 4.
10/5e  lan G but I do use model-based learning. (Look at Buckley article)
Yes. While completing student teaching we were taught the
inquiry-based learning technique and had to apply it within
Esperelda A | the classroom.
| was part of a QTP program at SHU that was the foundation
for my 6th year master’s degree in Science
Mia A Education/Leadership
No. Um. There was one course | took in my teacher
Killi I preparation that talk about inquiry education
Liam A | No training
Many instructors don't even understand what they want
Sophia A | students to learn therefore they very vague.
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I didn’t have any formal training in my undergrad or graduate
Mary G 6 work
0.
Tex B 4 Idon’t think that I have been explicitly trained
the majority of the work I did was in reading instruction/
5. literacy instruction a lot of social studies and pedagogy
Tex B 6 instructional, lesson planning
failing to see that science is the opportunity to take all those
7. things and put them together. So, there has not really been a
Tex B 8 focus on it for people to react on and respond to.

Olivia

definitely pre-K through 6, the number of credits for science is
nominal and again science inquiry training is minimal like
4 three credits if that that

Olivia

I don’t think they have enough because I don’t think they have
4. 90 hours of training in inquiry method and I think it more
5 focused on content within the 7-12 secondary tract

Olivia

5 they are not as knowledgeable about the effective instruction

Olivia

5. I do think there is a huge problem that higher Ed and training
8 in general of teachers is a large piece of it.

Olivia

or elementary teachers reach college level and there is so

much focus on literacy and not even like content based
0. literacy you know it’s you know more its literature based
2 literacy

Olivia

if they never really experienced it in an exciting way or like
2. one that makes sense to them then they are not going to
2 transfer it
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| think it’s a higher ed issue. I do not think there is enough
Olivia I 7 done in higher Ed
Luke 4 No, I don’t feel like I was properly trained in this area.

~

A

U

C

O

N

N

N

E

A
lan G 1 we focus on it quite a bit in (class in the) methods course

U

C

@)

N

N/

N

E

A
lan G 2 the majority of our methods courses are focused on that

U

C

@)

N

N/

N I think we can always grow because these are people

E transitioning from sitting in lecture to trying to think about

A engaging students differently than they experienced and that
lan G 1 makes it challenging.

U

C

@)

N we are trying to develop some core practices that we think are

N/ essential support for our new teachers we are developing so

N that when they go out they are safe to practice and one of
lan E 7 those core practices is engaging students in inquiry.
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A

G

U

C

0]

N

N/

N

E

A 0. We are working and recognize that the need to always be
lan G 2 disturbing our program

U

C

0]

N

N/

N

E we recognize the need for this stuff that happens in the context

A 1. of if it going to be enacted and so like um we defaulted back
lan G 4 towhat is comfortable and traditional and let’s talk about it.

U

C

0]

N

N/

N let’s put an authentic human pursuit in front of them and let

E that be the challenge that we are gonna undertake this

A semester with the intention behind the things perhaps of if
lan G 3 they do that they will take up these core practices.

U

C

0]

N

N/

N I think we are all recognizing that and we are having

E discussion now about you know maybe we are talking about

A something that some pursuits like we identified pursuits that
lan G 5 will be accomplished as a result of this class.

U my class would be methods we are gonna go out and find an

C undergraduate classroom that is diverse that maybe students

O 6. aren’t engaged in science and our job is gonna be how do we
lan N 2 engage them in ways that are authentic and representative
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N/ discipline and that are equitable to all the students and address

N that challenge of disengagement

E

A

G
12/
Element their own experience in school with science. Probably there is
ary no or nonexistent or dry and boring and so they are just not
Issue Olivia I 8 interested
12/
Element when you decide to become a teacher at that level you decide
ary to teach kids to read and they just don’t have that passion
Issue Olivia I 1 instilled in them about science.
12/
Element
ary 1. it’s really hard to bring it in the classroom if you don’t care
Issue Olivia | 8 about it

| was a 4th grade teacher at the time and the QTP grant

12/ The matched us to science professionals (physicists, environmental
Element scientists, biologists, etc.) who came to our classrooms to
ary witness the inquiry process after we were exposed to the
Issue Mia A 6 process.
12/ The
Element
ary 1.
Issue Olivia I 3 elementary teachers are not comfortable with science
12/ The conversation with a person at the university of Hartford where
Element | adjunct for a science class for education and um you know at
ary most teachers might get 3 credits of science in their undergrad
Issue Olivia I 8 and this doesn’t make people comfortable enough
12/ The
Element
ary
Issue Anderson B 2 Itwas not a field that they pursued by choice
12/ The somebody that is not particularly interested and they don’t feel
Element particularly confident. Afraid that they can’t answer kids
ary 4. questions or afraid that they were not given enough time or
Issue Anderson B 2 resources to do it.
12/ The administrators are very explicit about not giving you time to
Element Anderson B 8 doit
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ary
Issue
12/ The
Element
ary 8. math, English, language arts are much more highly supervised
Issue Anderson B 5 more highly invested in in terms of professional development
12/ Fhe
a-ry (13 3 2
Issue  Anderson B 1 matter”
13/
Impleme . I don’t use it a lot, because it takes a lot of time. In addition,
ntation I’m under strict time constraints to meet curricular
Issues Mary G requirements
13/
Impleme
ntation | can’t do as much inquiry as maybe | should be doing
Issues  Mary G because of time, space and supply restraints
13/
Impleme
ntation . if I didn’t have to get to this point by a particular date I could
Issues  Mary G do a lot more inquiry
13/
Impleme that there are too many constraints on them between the
ntation assessments that need to be given and to get through the
Issues  Mary G curriculum
13/
Atation a-term-that-is-used-a-tot but-net-necessarihy-a-term-thatis-used
Isswes Tex B correethy
13/
Impleme
ntation . it may not be the best way for younger students because
Issues  Tex B different levels of readiness
13/
Impleme
ntation :
Issues  Tex B it gets difficult is the time needed
13/ it is labor intensive to try to set the right kind of system in the
Impleme Tex B beginning
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ntation
Issues
13/
Impleme
ntation . (There might) be one teacher from each grade level will have
Issues  Tex the bandwidth
13/
Impleme
ntation be kind of a leader back to their teaching teams with that but I
Issues  Tex like that idea of that cohort of doing that
13/
Impleme Well I do like the coaching model that can give teachers
ntation permission to take risk but the problem there is that you have
Issues  Olivia to have teachers that are willing to take risks
13/
Impleme
ntation key teachers that are | have key teachers that work on it and
Issues Olivia that helps the others feel comfortable and give it a try
13/
Impleme
ntation
Issues  Charlotte full inquiry takes a LONG time to execute
13/
Impleme
ntation
Issues  Charlotte we have to pick and choose when to do this.
13/
Impleme
ntation Sometimes it is hard to get students on board with connecting
Issues  Ethan inquiry-based learning with the concepts being taught.
13/
Impleme
ntation 4. Hthink-thatsemepeople-have-a-mistaken-sense-ofwhat
issues Anderson B 8 inguins:
13/
Impleme
ntation you give kids a whole big giant pile of stuff and make them go
Issues  Anderson 5 through 72 steps
13/ | also feel there are teachers, like myself, that would use it
Impleme Luke more if trained properly
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Issues
U
C
@)
N
N/
13/ N
Impleme E
ntation A | think there are ways you can be saying you are using the 5e
Issues Ilan G 4 model and not really engaging students authentically
EX
pl
or
at
ori
u fairly ambitious group from Wallingford CT came to the
Martin m 2 institute of inquiry big fundamentals of inquiry workshop
EX
pl
or
at
ori staff (Exploratorium) was able to work with teachers
u supporting inquiry and they were able to become a permanent
Martin m 6 fixtureinCT.
Exploratorium is a hands on museum here in San Francisco
um its serves (Indecipherable)...um physics content and
Ex planning. Unless we have a small portion of exhibits dedicated
pl to social science, behaviors, and then a few a gallery for
or biology. The museum was start; | do not know the exact date
at (by Frank Oppenheimer in 1969, Wikipedia). Frank
ori Oppenheimer, one of the brothers that developed the atomic
u 3. bomb and he, his intention was to create a to interact with
Sahara m 5 science um in fun and information ways.
Ex So from that start of the teacher institute most of our core
pl teaching is like three weeks summer institute is from the San
or Francisco area but we take teachers from all over the world
at actually we have some international teachers from other states
ori and they come for three weeks and they do kind of a potpourri
u of different activities all really kind of hands on science that
Sahara m 7 focuses on inquiry science and a lot of activities that we
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engage teachers on are kind of smaller versions of what the
teachers are doing on the museum floor.

two weeks now it three week program and its 200 hours (let
Ex me look exactly) (3:28) um and so we are a middle school and

pl high school institute. There are 25 teachers in each program

or and 1 think they spend their morning doing anything from

at perception to what makes up sound and light. In the afternoon,

ori they have electives and they have shop time when the teachers

u go into a wood shop and they can build these kinds of snap
Sahara m 1 activities to bring into their classroom.

of professional development from the Exploratorium out in

San Francisco...and so that is what’s really where | first saw it

and then probably just seeing it in articles and in workshops or
Ana D 7 whatever.

15/ Prof.

Develop

by state Kendra H 1 lalso train Inquiry for my district.

15/ Prof. PLC focused on NGSS practices and have focused on
Develop modeling, constructing explanations and engineering

by state Avery B | challenges.

15/ Prof.

Develop

by state Mary G 6 Idon’t think we are doing very well

15/ Prof.

Develop I don’t think that there is a big push to educate the teachers on
by state Mary G 6 howtouseit

15/ Prof.

Develop out of district seminars, as well as continuing education

by state Seth I | courses

15/ Prof.

Develop There wasn’t a lot of explicit training for sciences because our
by state Tex B 7 primary focus has been on reading, writing and mathematics.
15/ Prof.

Develop going to find that middle and high school teachers are going to
by state Tex B 3 come on board (NGSx)

15/ Prof.

Develop 3.

by state Tex B 2 maybe not elementary schools

322



D
R

Color Pseudonym G " Quotes

15/ Prof.

Develop ...the purely online piece that NGSx CT ... has developed...is
by state Tex B 5 good for developing a base line

15/ Prof.

Develop

by state Tex B 5 It’s going to be something that is very valuable.

15/ Prof.

Develop 5. I also just wen t through the states NGSX training to be a

by state Olivia I 5 facilitator

15/ Prof.

Develop very formal training and that was 90 hours , sixty hours of
by state Olivia I 6 training and that is all inquiry based

15/ Prof. they (State Department of Education) have decided to put a
Develop 7. support system in place before throwing it at teachers kind of,
by state Olivia I 6 like what happened with common core.

15/ Prof. NGSX and they trained 20 of us throughout the state to be
Develop 8. facilitators and the idea is kind of like a pyramid and there are
by state Olivia I 1 20 people who are experts on NGSX

15/ Prof. it was enlightening and its inquiry and it is the next level and
Develop it’s going deep and its NGSx the biggest shift is through the
by state Olivia I 3 practices which the inquiry, a lot of inquiry stuff.

15/ Prof.

Develop

by state Anderson B 1| Yes, but through outside PD, not by my district.

2/ Prof.

Develop my personal experiences have trained me but these were

@ experiences | have sought and are not offered to all my
school Mia A | colleagues;

2/ Prof.

Develop

@ We are currently in the early stages of targeting science
school Mia A lessons and infusing inquiry-based instruction into them.

2/ Prof.

Develop The exploration of science content by generating questions
@ (teacher or student) that are then investigated through research
school  Amelia G G orexperimentation.

2/ Prof.

Develop

@ Yes. | was trained by CT Science Center and use Inquiry in
school  Kendra H | myclass.
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trained in the second phase of inquiry at the CT Science
2/ Prof. Center too. | also trained people in inquiry. | worked with
Develop 3. harry for a couple of summers. | trained some people in
@ 8- Monroe. And then I trained for Frank (Labanca) last year and
school Kendra H 5 this year for a whole week
2/ Prof.
Develop
@ | have received occasional PD or taken classes on inquiry-
school  Killi I | based instruction.
2/ Prof.
Develop
@ PD or teacher support by the district or ongoing methods of
school  Killi | 2 using inquiry in the classroom.... no

My department colleagues and I have engaged past PD around
2/ Prof. experimental inquiry and have shifted investigations to the
Develop beginning of instructional cycles so students are uncovering
@ concepts and having common experiences rather than
school  Avery B | verification labs.
2/ Prof.
Develop
@ somewhat - very little PD from the district, just learning on
school Mary G G myown
2/ Prof.
Develop
@ My training has come from both in-district professional
school  Seth I I development seminars
2/ Prof.
Develop
@
school Tex B I No.
2/ Prof.
Develop
@
school Tex B 7 it’s all about timing for the teachers
2/ Prof.
Develop
@ 7. we get to a point of saturation and I don’t want to be a part of
school  Tex B 5 the next thing just for the sake of doing the next thing
2/ Prof. we get to a point of saturation and I don’t want to be a part of
Develop Tex B 1 the next thing just for the sake of doing the next thing
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@

school

2/ Prof.
Develop

@

school

Olivia

1 If your including by my district then | would say no

2/ Prof.
Develop

@

school

Olivia

2 At the district level, they have not been supportive.

2/ Prof.
Develop

@

school

Olivia

8 within our district there is not enough training

2/ Prof.
Develop

@

school

Olivia

Yes. | have had a lot of professional development around
inquiry.

2/ Prof.
Develop

@

school

Charlotte

A

Yes, have had training

2/ Prof.
Develop

@

school

Logan

Not really

2/ Prof.
Develop

@

school

Ella

Yes

2/ Prof.
Develop

@

school

Ethan

| have been trained but most students do not have legitimate
inquiry-based experience in the classroom until 6th or 7th
grade

2/ Prof.
Develop

@

school

Chloe

Only minimal formal training.

2/ Prof.
Develop

Isabella

Yes. | have personally sourced and participated in several
professional development activities to improve my teaching.
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@
school
2/ Prof.
Develop | have (been trained )but that is not, the typical teacher at least
@ my district has not been. I did a million dollar MSP grant. It

school Anderson B 7 was based in Danbury, it involved New Milford as well.

, some course work, a week inquiry workshop. Next thing you

2/ Prof. know it was three years and 500 hours course work. The
Develop administration you know the person who ran it, Harry
@ 4. Rosevally. He could be an interesting source to speak to for

school Anderson B 6 one reason or another.

But it takes an amazing amount of training to make someone
comfortable with covering what they are supposed to cover in
that amount of or way. So, | think time is a huge factor and at
the same time professional development is a huge thing.
Especially as NGSS kind of comes into play. Even if we
haven’t adopted it yet there is still enough about instruction

2/ Prof. that their still needs to be a lot of training for teachers to really
Develop do what they should do. It seems like a really nice set of
@ 5. standards so it would be nice if people really learned how to

school Anderson B 5 doitright.

There is basically zero attention paid to science professional
development. At least at the district level. I will say that when
we adopted the most recent set of Connecticut standards we
really did get support in transitioning from the old system.
You know we had someone that worked on the new standards
and worked with us as a grade level multiple times and they
supplied us with materials for the new units that had to be
done. Especially in fifth grade, they changed completely.

2/ Prof. So...in that sense they were very good in response to a major
Develop overhaul thrown on them from the state. That being said, that
@ 1. was the last time there was any meaningful professional

school Anderson B 5 development of any kind. That’s been 10 years or something.

So, we literally have nothing. So, what we have in Newtown
at least is I know that there is a wide range of how it is
supported but we have four elementary building and each
there is a math/ science specialist. They are actually math

2/ Prof. specialist. They append the word science at the end of it.
Develop There is really little time given (because) math is such a high
@ 5. priority. You know they might order materials for teachers

school Anderson B 5 and the teacher demonstrates a lesson or is in the room.
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You know at the secondary level; your teachers are all
specialists. But in the elementary you have you know a bunch
of teachers who are at best experienced teaching a unit or
2/ Prof. coincidentally they have some science background. They are
Develop like oh, that stuff that I don’t really know or have time for. It
@ would be nice to kind of bring it down to two or three more
school Anderson B grades. You know to support the staff.
It is difficult for one person to transfer knowledge learned
through three years and three full weeks of inquiry training
2/ Prof. and to get everyone on board for it. It’s even hard when you
Develop have that much experience and training. | guess it really boils
@ down to good support and PD in the district. | guess that is
school Anderson B really what it boils down to.
The one in fifth grade they have the guided part first and then
the second part is creating their own investigation based on
some variable they want to test. Or, for years teachers just do
the first part. That’s not even the point. Part 1 is so you will
have the basis for going on to the real work and your like
teachers are scared of that and they don’t have to do that and
2/ Prof. I’ve gone in and done that phase of the lesson and the teachers
Develop are like that is so cool I didn’t know it was that easy. I just let
@ them come up with this stuff on their own. They just aren’t
school Anderson B exposed to it.
That kind of here at the museum what we do but we also have
um that are hands on activities a couple of them and then we
also have a website that has these little small hands on
Ex activities that teachers can do and then we also have a
pl YouTube channel that teachers can access a YouTube channel
or where some of our staff teach them how to use these
2/ Prof. at programs. We use these programs with local bay area schools
Develop ori and I’'m not too sure if the teachers you are working with have
@ u . lived or taught in the bay area or if they have always been
school  Sahara m kind of our PD people.
EX
pl
or
2/ Prof. at
Develop ori
@ u are multiple entry points that teachers can come into our work
school  Sahara m 4 and find something that is meaningful for them.
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Ex
pl
or
2/ Prof. at
Develop ori We really focus on low cost materials and resources so we
@ u 5. really try to keep the cost down so teachers can replicate and
school  Sahara m 5 use them in the classroom.
Ex
pl
or
2/ Prof. at
Develop ori
@ u
school Sahara m 6 |think variation, low cost materials and pay them.
Ex
pl
or
2/ Prof. at And teachers, especially teachers here, | think it is because we
Develop ori have a history of thinking about inquiry. The teachers are
@ u 6. really like hanging onto the practices. They like them. They
school Sahara m 2 make sense. They are like I can do that.
Ex
pl
or
2/ Prof. at
Develop ori
@ u Not only do they need PD but they also need sustained PD.
school  Sahara m 1 They need opportunities to see what others are doing.
2/ Prof.
Develop
@ 3.
school Emma A 2 No (no inquiry training)
2/ Prof.
Develop
@
school Emma A | No training
2/ Prof.
Develop
@
school  Abigail D | Somewhat
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2/ Prof.
Develop
@ 3. being exposed to really high quality programs I think was vital
school Ana D 5 to my effectiveness as a classroom teacher
3/ What
kids do Kendra H G Ininquiry, learners direct or "control” their learning choices
3/ What 7.
kidsdo Kendra H 5 choice
3/ What 0.
kids do Kendra H 5 they do research or websites or whatever it is they want to do
They get easily frustrated because you are not always giving
them the answer. My kids are saying to me all the time, Miss
Manning can’t you just tell us. I’'m like no I cannot. At the end
3/ What of the year survey, those are the activities they like the best.
kids do Kendra H 1 They have to figure out or talk about.
3/ What a teacher might give a topic to generate questions about a
kids do Killi I 1 natural phenomenon
explore an experiment they may do their own research or
maybe they do different hands-on activities that really, they
3/ What are designing and analyzing; they're exploring on their own to
kids do Killi I 2 answer their own questions
bring in a lot of peer-to-peer discourse and students learn a lot
not only from their own explanation and explorations but also
3/ What from discussion with their peers. They can talk about it and
kids do  Killi I 1 work with each other and have that peer to peer interaction
They (kids) had about a week and half to design build test and
then redesign and rebuild bridges and it was really cool to see
students learn from each other in the building of bridges and
3/ What to redesign bridges and the bridges at the end were able to
kids do  Killi I 1 hold 15 pounds.
3/ What Students work collaboratively to uncover, develop and
kids do Avery B g challenge ideas.
They guide the learning process instead of the teacher guiding
the process. They choose how and what to experiment with. |
3/ What is also a questioning technique use to spark a child's interest in
kidsdo Mary G learning a topic.
They guide the learning process instead of the teacher guiding
the process. They choose how and what to experiment with. 1
3/ What is also a questioning technique use to spark a child's interest in
kidsdo Mary G G learning a topic.
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3/ What 4.

kidsdo Tex B 4 away for the kids to make use of the resources

3/ What give them a broad definition of what | want them to do so they

kidsdo Tex B 6 really have to make sense of the skill that | want them to learn.
asking a question about some idea that is out there and giving
students tools to be able to take data and get information and

3/ What 7. bring it back so we can develop a clear understanding of what

kidsdo Tex B 5 the principle is that was being discussed initially

kidsde Fex B 6 cellaboration-methods:
So, we made um we talked about how different things can
respond to different textures so that different stimuli and what
we might be expecting with it. So, we have kids working
through how to hypothesize how they might respond to
different type of stimuli based on options | had out there for
them to choose from. That is part of the different pieces they
want to use to generate an investigation for it and then bring

3/ What all the data back for it so as a group now based on this

kidsdo Tex B 3 questions that we are asking

3/ What 3. inquiry where the teacher has to help the kids make

kids do Olivia | 4 connections.

3/ What

kids do Olivia I 7 students ask questions and find answers for themselves
start with an interesting phenomenon and they look at teal life

3/ What because we have some really great resources here like our

kids do Olivia I 3 vivarium or our aquatics lab
would observe a stream on campus and generate notice and
wonders about the biodiversity. Then they would observe the
biodiversity of the river it fed into at the mouth. Students
would generate questions around how the biodiversity
compares and design an investigation about the overall health
of the tributary and the river. Students would analyze their
data and then share it out with the school community and then

3/ What with the organization that maintains the main river that runs

kids do Olivia I J through the city.

3/ What 7.

kidsdo Anderson B 5 letting them kids explore
there is kind of a general day-to-day thing you are trying to

3/ What 5. get them to answer questions. You are trying to get them to

kidsdo Anderson B 5 think.
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3/ What 2.
kidsdo Anderson B 8 kids generate questions that they want to investigate
3/ What figuring out answers to questions as opposed to be just handed
kidsdo Anderson B 3 some content.
a performance task in which you have a boring procedure and
then you design your procedure from start to finish. Coming
up with a question and then designing how you will carry out
3/ What 0. the test the whole analysis phase after that including sharing
kidsdo Anderson B 2 with the class like what type of results you have
having them notice patterns in that data (day length) so they
3/ What 1. would come up with questions as to why that would be the
kidsdo Anderson B 5 case and make prediction as to what is going to happen next.
students would be creating water treatment plants for a local
3/ What town, creating surface water drainage systems, or building an
kids do Luke A J apartment complex next to a wetland environment.
Ex
pl
or
at inquiry based study gives kids an opportunity to mess around
ori with their ideas and try to evidence about what they
3/ What u 7. understand and if they do not then they try to figure out what
kidsdo Sahara m 4 makes sense.
we will be focused on will be the students came up with so
you know we go back to the pond and it like “Who lives in the
pond?” And “What are we going to find?”’ Just having a broad
open-ended question to hone or skills and observations. Then
3/ What at that point based on the observations and discovery our
kidsdo Ana D 8 direction of inquiry could go in a variety of directions.
U | know you have seen that imploding tanker car.
C https://youtu.be/Zz95 VvTxZM. We’ve used electrostatic
@) energy demonstrations and so we are you know and typically
N you can show those and they are interesting enough that you
N/ would ask or a problem find something that is hard to explain
N but as a teacher you know that there is some really core
E scientific ideas if put on the table students could reason about
3/ What A and make some sophisticated explanation of them over the
kidsdo lan G 5 course of a unit.
U
C make a model of it/ a representation with drawing or writing
3/ What O 7. magnification specific unseen parts that may be there acting
kids do lan N 5 on the system and then | would after those initial models are
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N/ created we would try to think about are there any ideas that we

N should start exploring that might help us explain this better.
E
A
G
They (students) learn so much better when they are invested in
Mia A all phases of the process.
1.
Kendra H 5 gives increases engagement
2.
Kendra H 5 the wizard behind the curtains

It is also a questioning technique use to spark a child's interest
Mary G G inlearning a topic.

| like to set the stage, have the resources for them, and be able

to go after them and be able to see what they understand

because that gives me a better understanding of what they are
Tex B 7 actually knowing.

2. towards the end, it is something that | think can run very
Tex B 1 smoothly.

Its true I think optimally as long as it’s authentic. The more
Olivia I 2 authentic the more optimal

exploring with inquiry real fish in front of them or real water
Olivia I 3 quality

| have time the luxury of time in class but their also could be
6. so much more in a meaningful if there was more time to do
Anderson B 4 the stuff it does take time to go deeper
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People don’t do part two because they don’t have time, they
are scared to let kids go off in an unstructured direction or
6. they don’t feel like the kids would be able to do it or like they
Anderson B 5 would be able to facilitate it

Thirty in the whole grant. They were mostly Danbury teachers
and a few k-6. | know you are middle school but this is the
4. Kkind of k-6. I don’t know if...this was the second cohort to go
Anderson B 5 throughit.

2.
Kendra H 8 Exploratorium/ CT Science Center
Ex
pl
or
at

ori one of the people from Wallingford, she was the science
u 4. curriculum coordinator, she went on to become the education
Martin m 4 director of the CT Science Ctr.

Ex
pl
or
at she literally as the time in 2005 came to the fundamentals of
ori inquiry and the other workshops in Wallingford had done and
u 3. then CT science center did in the future on formative

Martin m 4 assessment

Ex

pl

or

at

ori

u SO at least seven people came in addition to a number of
Martin m 5 workshops in 2012 and 2013

Ex And then in 2013, these were people that were staff scientist

pl and math specialist and reading specialist and research
or evaluations to theater managers so they really thought of
at everyone on the staff as being educators and wanted them to

ori understand inquiry not just so they could work with teachers
u 0. butso they could become something that would infuse the
Martin m 4 entire science center with inquiry.
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Ex

pl

or

at

ori So, they are really, for almost a decade, there was a yearly
u 1. group of people um coming or we were in contact because

Martin m 6 people from the science center

Ex

pl

or

at

ori

u 2. It’s been a really long-standing relationship with the district or
Martin m 8 the going on a decade so science center for a decade.
Olivia I 6 before I came they, all had the inquiry institute

| did a million dollar MSP grant. It was based in Danbury, it
Anderson B 7 involved New Milford as well.

over five hundred hours of professional development over

three years. You know ranging from graduate level course

work to inquiry weeklong workshops at the Connecticut
Anderson B 1 science center.

Yeah. That was one component of it. It was a three-part

course. It start out of Exploratorium in San Francisco. It was

based out of Connecticut Science Center and it was an

ongoing professional development option to go there during

the summer. Because it had a large group of teachers. They

sort of sent the resource to us. The CT Science Center is a nice
Anderson B 7 resource.

They if you go to their web site and you will see multiple

weeks of offering of these programs. It is a 6-7 hour day, 5

day a week. Sometimes a district reserves them for their

teachers or sometimes it’s just a pile of teachers who have

signed up individually from different districts. It was pretty
Anderson B 2 much that we booked them for a week.

Ex

pl about the Connecticut science center. My guess would be that

or they have had either come here for PD or we had some contact
Sahara at 1 with them from somewhere else.
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ori
u
m
. It was at the time the Connecticut Science center opened up
and we were offered opportunities to attend their inquiry
institute and | was disappointed at the quality of the training
and attended their first one week training. It didn’t give me
any new information. I networked for a while and I night have
gotten some new resource and things of that nature but it was
Ana D 8 disappointing to me.
6/ How r
doing w
Inquiry 0.
LR Kendra H 8 district does a fairly good job offering
6/ How r
doing w
Inquiry My school does a phenomenal job because Frank does an
LR Kendra H 2 excellent job.
6/ How r
doing w
Inquiry
e R Kendra H 3 Connecticut does a fairly good job
6/ How r
doing w
Inquiry 0. Teachers are really good at teaching the parts of the cell and
Training K4 I 2 making these really great looking cell models
6/ How r we really don’t do a great job of teaching inquiry based
doing w learning now and then teaching students how to explore with
Inquiry embedding different science practices in term of teaching
Training K4 I 2 different science processes
6/ How r
doing w large push to use inquiry-based learning in the classroom and
Inquiry it continues to be used within the science classrooms regularly
e Iof Esperelda A 2 many educators
6/ How r
doing w
Inquiry 5.
Training [OINYE! I 5 we are doing ok
6/ How r 1. pockets of where it is being executed really well if you are
doing w [SINYE! I 8 thinking about the state.
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L alllsR Anderson
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Inquiry

Training LAYk
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world

7/ Real

world
applicati
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I’d say globally...I am limited but through NGSS draft
process and | ended up doing some work for NSTA that were
like 55 educators from all over the country to review resources
that are useful for teaching in a three dimensional NGSS kind
of way and because there is so little good stuff out there. They

5. just went like with their resources and how to use them and
B 8 how to make them a little more NGSS three-dimensional.
From the news, you always are hearing about stem. No one
really knows what that is. Everyone just says stem....sound
like the hot topic. There is awareness but the implementation
in the classroom is...at least at the level I have experience
with and locally because | happen to get involved in this
B 8 program | became aware of it and | started teaching that way.
we need to ground our teachers more and look at standards
and translate them into inquiry effective practice so there is
that alignment and | also think that we need to content wise do
a better job in that spiral for example I not sure if you know
4. this or not but 5th grade has no life science in their curriculum
D 4 atall
Kendra H 3 real world application
| believe that real-world application is the strongest tool that
Luke A 1 any teacher can use in their classroom.
1. present the students with an issue that is real, then you can see
Luke A 5 their best work because they can relate to the issue
EX
pl
or When you think about NGSS there has been bringing that,
at meaning about to bring science more relatable to student lives
ori and the questions kids have in the communities and kind of
u how to bring things through how to make science more
Sahara m 8 meaningful to kids.
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Kendra

role of the teacher in this case is to be wizard behind the
H G curtain and the facilitator of learning.

Kendra

H 5 twice a week. Most of the time.

Killi

| would say that some form of hands-on inquiry will activity
I 5 orlab or exploration

Killi

Martin

5.
I 5 2-3times per week
Ex
pl
or
at it is really important to put learners in the position where they
ori have some control over the thinking and practices that are
u required to do that seemingly simple thing that you know um

m 1 answer questions that they are really interested in.

Martin

Ex

pl

or

at

ori

u Often the teacher might give the question to the student but
m 3 they might let the student try to plan the investigation

Tex

6. lead kids through the area is and they have the opportunity to
B 4 be able to acquire additional knowledge

Esperelda

The teacher is often the facilitator and poses questions,

problems or scenarios to the students. Rather than presenting

just facts the student can then research issues and questions to
A 1 develop their critical thinking skills

Olivia

I 1 itwould be anytime um content new content is introduced.

337



D
R
Color  Pseudonym G " Quotes

help the elementary teachers to see that literacy and science do

not have to be taught in isolation and through the comfort

level of literacy and to help them to get better at teaching
Olivia I 2 science.

if they are comfortable teaching a literacy unit on living things
then how does that translate into what they are doing in
2. science and how does that mesh together so that it doesn’t feel
Olivia I 5 like oh know I have to teach science in this different way

use the same types of techniques because they are better at

doing like inquiry or student centered stuff with the literacy

program than they are with the science and helping them see

that there is this connection and it doesn’t have to be like this
Olivia I 3 total isolation.

practices of teacher centered learning and so if they are doing
4. something in literacy that is an effective strategy then they can
Olivia I 4 do the same thing in science

5. hands-on science like that ties into their science curriculum as
Olivia I 5 well so teaches them literacy that they are trying to get.

we are going where their comfort zone is and transfer into
Olivia I 8 science and still feel comfortable.

That is how we do introduction to new concepts. So, it’s
supposed to be use throughout and go back the questions
Olivia I | generated and go back to them.

0.
Olivia I 2 All the time

2. our curriculum is inquiry based, project based learning so yes,
Olivia I 1 the projects that we plan are inquiry

338



D
R
Color  Pseudonym G

Quotes

teachers are supposed and when we plan we come up with the
drive that ensures that the with that the labs that would go
3. with you now the lab experiences or simulation s that go along
Olivia I 5 with it

Most daily labs have some elements of inquiry, but not full
Charlotte A G inquiry.

Anderson B 2 small, you know momentary teachable moment

1. to really do a whole inquiry kind of activity it becomes a more
Anderson B 6 time consuming type of activity

Anderson B 4 acouple times a month

At this level, we are somewhat more compartmentalized
because we an intermediate school and its more math and
science but science is very secondary and everybody
background is very elementary so science is just like
something hard that I don’t know about as opposed to this is
my thing. So, there is a lot of different backgrounds and buy
in and exposure to science stuff at this level than at the middle
Anderson B 8 school.

At this level, we are somewhat more compartmentalized
because we an intermediate school and its more math and
science but science is very secondary and everybody
background is very elementary so science is just like
something hard that I don’t know about as opposed to this is
my thing. So, there is a lot of different backgrounds and buy
in and exposure to science stuff at this level than at the middle
Anderson B 8 school.

there are times when you have to communicate actual

information or sometimes for efficiency or sometimes you

really can’t have kids do a little kind of discovery lesson in
Anderson B 3 what would happen in a zero gravity environment.

339



D
R

Color  Pseudonym G

Quotes

So, there are times when an animation or some text or a

demonstration is more efficient or even more effective than

going through some stuff or doing a long drawn out process
Anderson B 4 for a more discreet fact.

Everything is inquiry based. Um so we really engage teachers

as science learners in the activities so we um a typical day a

teacher will go out on the museum floor and interact with one

of the exhibits that is located by one of the PD teacher/

facilitators so we would do what do you notice? You know

ask them what do they notice? And ask about the exhibit? And
Ex figure out what is going on with that particular exhibit and

pl then we will go back to the classroom and do some kind of
or smaller version of what we did on the museum floor? And
at have this white wall that has three colored lights and we get

ori three different shadows so we mess with that. And we will
show them different activities that are related to that museum
Sahara m 1 exhibit.

c

continuum for inquiry and would pull great graphic developed
by Exploratorium seen in a lot of research based books.
Shows what inquiry looks like from a guided teacher centered
3. to how it looks when it is more student centered and | would
Ana D 8 use that as the basis for my conversation.

Ana D 4 I would try to be aspects of inquiry in each one of those days.

U

C

0]

N

N/

N inquiry would be trying to situate students in those same types

E of opportunities in those same pursuits and trying to give them

A opportunities to explain phenomena which involves creating
lan G 2 and explaining models and argument from evidence

U

C

0]

N

N/

N | want my students to be able to focus on engaging secondary
lan E 1 students in scientific activity
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