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Abstract While access to computers, other technologies,
and cyber-enabled resources that could be leveraged for
enhancing student learning in science is increasing, gen-
erally it has been found that teachers use technology more
for administrative purposes or to support traditional
instruction. This use of technology, especially to support
traditional instruction, sits in opposition to most recent
standards documents in science education that call for
student involvement in evidence-based sense-making
activities. Many see technology as a potentially powerful
resource that is reshaping society and has the potential to
do the same in science classrooms. To consider the promise
of technology in science classrooms, this research inves-
tigated the impact of a professional development project
focused on enhancing teacher and student learning by using
information and communication technologies (ICTs) for
engaging students in reformed-based instruction. More
specifically, these findings revealed positive teacher out-
comes with respect to reformed-based and technology-
supported instruction and increased ICT and new literacies
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skills. When considering students, the findings revealed
positive outcomes with respect to ICT and new literacies
skills and student achievement in science.
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instruction - Technology integration

Introduction

Technology should be an important modern aspect of sci-
ence teaching and learning, especially when consideration
is given to ways in which technology is shaping or re-
shaping lives and society. In our previous research
(Campbell et al. 2014), we noted how this transformation is
occurring in students’ lives as social networking, online
gaming, iPods, and mobile phones are found as fixtures of
youth culture (Ito et al. 2008) or as science fields are
emerging (Hey et al. 2009) and science practices are being
transformed with technology (Sabelli 2006). Beyond this,
educational researchers and learning scientists have rec-
ognized the promise of technology for supporting design
and research in teaching and learning. This can be seen as
Squire (2006) explains how educational games can be used
as design platforms for scaffolding learning or supporting
identity development or how Clark and Sampson (2008)
examine methodologies for studying argumentation in
online environments, as just two examples. Based on the
ubiquitous nature of technology in society and the potential
of technology in educational settings, it is clear that con-
sideration of technology in science teaching and learning is
warranted. But, when technology has been used in science
classrooms, only a moderate amount is known about the
impact of technology. This can be seen as researchers like
Anastopoulou et al. (2012) and Soong and Mercer (2011),
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as just two examples, demonstrate the generally positive
impacts of novel interventions in science classrooms.
However, for the most part, technology research in science
education is only somewhat informed by themes such as
technologies supportive of enhanced content knowledge
learning (e.g., Lee and Thomas 2011; Park et al. 2009) and
enhancing students’ experiences engaging in science (e.g.,
Wu 2010; Ebenezer et al. 2011).

When considering teaching with technology more spe-
cifically, the lack of teacher confidence with technology
(Lussier et al. 2007; Mumtaz 2000; Zhao and Cziko 2001)
and the lack of support in the form of professional devel-
opment (Baylor and Ritchie 2002; Lim and Chai 2008)
have been identified as factors that inhibit technology
transformations in science teaching and learning. But,
technology-enhanced tools like scientific visualizations are
being identified that show promise in supporting teachers’
efforts to adopt reformed-based science instructional
practices (Varma et al. 2008). Additionally, promising
evidence can be found to suggest that when teachers are
supported with ongoing professional development focused
on the use of new technologies aligned with reformed-
based science instruction, positive teacher and student
outcomes emerge (Bell et al. 2013; Lussier et al. 2007,
Quintana et al. 2004). And, researchers like Linn et al.
(2003) have demonstrated how flexibly adaptive design
environments like their web-based inquiry science envi-
ronment (WISE) can meet the needs of diverse groups of
teachers in supporting reformed-based science instruction.
Still, investigations into the effectiveness of specific pro-
fessional development models in supporting teachers’
technology integration and reformed-based instructional
practices are needed.

This present study attends to this need by investigating
the impact of a professional development model focused
on enhancing teacher and student learning by using infor-
mation and communication technologies (ICTs) for
engaging students in reformed-based science instruction.
More specifically, to investigate the effectiveness of the
professional development model, we addressed two
research questions:

1. What is the impact of 1 year of professional develop-
ment on:

(a) reformed-based and
instruction?

(b) teacher learning?

(c) teacher and student new literacies skills and ICT
capabilities?

technology-integrated

2. What is the impact of typical instruction versus
professional development model supported instruction
on student achievement?
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Research on Reformed-Based Technology-Supported
Science Teacher Professional Development

More broadly, PD literature extols the importance of
focusing on subject matter, opportunities for collaborative
interactions among teachers, and seamlessly integrating PD
and classroom experiences to allow participants to examine
the basis of what is being learned or created in the context
that it will be employed (Lemke 2001; Birman et al. 2000;
Carlone and Webb 2006; Garet et al. 2001; Hawley and Valli
1999; Richardson 2003; Stein et al. 1999). When considering
science teacher PD specifically, a consensus model of best
practices can be found, but as Roth et al. (2011) explain, this
is not well grounded in research evidence that demonstrates
teacher learning, teacher practice, and student learning.
Higgins and Spitulnik (2008) further illuminate this concern:

Professional development research must continue to
pursue evidence of the elusive connections between
teachers’ participation in professional development,
their decisions about and enactment of inquiry in
science instruction, and the impact on student
achievement (p. 520).

This is not to say that examples of PD research that
investigate teacher and student outcomes measures cannot
be found (e.g., Akerson and Hanuscin 2007; Johnson et al.
2006); it is only to document the need for additional
research, especially research that examines the impact (i.e.,
in terms of teacher and student learning outcomes) of types
or models of PD with specific features to build on the body
of science teacher PD knowledge.

When technology is considered in the context of
reformed-based science teaching and learning and science
teacher PD, a dimension of complexity that warrants
attention is added (Singer et al. 2000). In fact, when con-
sidering technology, researchers (e.g., Crippen 2012;
Koehler and Mishra 2005; Niess 2005; Pamuk 2012) have
proposed that technology represents another realm of sci-
ence teacher knowledge. As an extension of Shulman’s
(1986) pedagogical content knowledge (PCK), this new
version of teacher knowledge is referred to as technological
pedagogical content knowledge (TPACK) (Koehler and
Mishra 2005). In science teaching specifically, we have
shared examples (e.g., Campbell and Abd-Hamid 2013;
Campbell and Neilson 2009) of what TPACK might look
like within reformed-based visions of science teaching. As
an example, we (Campbell and Neilson 2009) described
how a science teacher selected and used technologies like
probeware as tools alongside science practices and in
coordination with disciplinary core ideas to develop evi-
dence-based explanations. And, because researchers like
Bull and Bell (2009) have suggested that “if TPACK is an
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important prerequisite to effective integration of technol-
ogy in education, a method for measuring it seems essen-
tial” (p. 2); we have also developed instrumentation
support of this, which is being used in this current research
(i.e., a classroom observations protocol) (Campbell and
Abd-Hamid 2013).

However, while efforts have been made to support
TPACK for reformed-based science instruction, Bell et al.
(2013), Campbell et al. (2013), and Hsu and Wang (2013)
note how, to date, for the most part teachers have been
found using technologies for more administrative purposes
or to support traditional instruction. Examples of this type
of technology use might be teachers converting lecture
notes to PowerPoint presentations to support sharing
information with students, using videos for presenting
information in place of lectures, or using software pro-
grams as homework to track students scores as they solve
more traditional problems in science (e.g., completing
stoichiometry problems for a chemistry class).

Still, further details of the complexity of reformed-
based technology-supported science teacher PD can be
seen as several comprehensive literature reviews have
been completed to work at synthesizing the research base
in this area (e.g., Gerard et al. 2011; Higgins and Spi-
tulnik 2008; Lawless and Pellegrino 2007). Among the
most salient findings from these studies, is articulated by
Lawless and Pellegrino (2007) as they described how
their review provided only limited insight into the types
of pedagogical changes teachers made when integrating
technology into instruction or the impacts technology-
focused professional development had on teacher devel-
opment. In fact, the paucity of information about teacher
pedagogical changes or teachers’ development as a result
of PD commonly surfaced in the reviews completed
(Gerard et al. 2011; Higgins and Spitulnik 2008). There-
fore, while literature can be found that attests to the
benefits of technology in supporting reformed-based sci-
ence teaching and learning (e.g., Higgins and Spitulnik
2008; Varma et al. 2008; Williams et al. 2004), still the
need exists for additional investigations that can speak to
how teachers’ pedagogy and development change as a
result of engagement in reformed-based technology-sup-
ported science teacher PD.

The present study is seen as an important contribution to
PD literature more generally as it focuses on the “elusive
connections between teachers’ participation in professional
development, their decisions about and enactment of
inquiry in science instruction, and the impact on student
achievement” (Higgins and Spitulnik 2008, p. 520).
Additionally, the present study is also seen as an important
contribution to the literature as it focuses on how teachers’
pedagogy and development change as a result of engage-
ment in technology-enhanced science teacher PD.

Background
Setting

This study focused on sixth- through eighth-grade science
teachers and students from two geographically separated
states: one in the eastern and one in the western part of the
USA. In the state located in the eastern part of the USA,
teachers from the sample population of participants came
from 10 schools in two boroughs in New York City. New
York City is one of the US cities with the most diverse
student population. Among all the public school students,
14.3 % are Caucasian, 29.9 % are African-American,
39.3 % are Hispanic, and 14.9 % are Asian. 15.4 % of the
students are classified as English Language Learners (ELL)
(Lowenstein 2011). In the state located in the western part
of the USA, teachers from the sample population of par-
ticipants came from two school districts, in Utah. Similar to
most western states, the state where the study was com-
pleted has a majority white population, with a Hispanic
population with the highest minority prevalence (US
Census Bureau 2010).

The study followed participants from fall 2011 to spring
2012. The reformed-based technology-supported science
teacher professional development project was an intensive
program, engaging participants in 80 h of professional
development during the summer, followed by another 16 h
of monthly meetings during the academic year, and 24 h of
professional development during the winter for a total of
120 h yearly. The professional development project
emphasized technology-supported reformed-based instruc-
tional practices. Technology-supported reformed-based
instruction refers to the instructional strategies that focus
on using technologies, such as ICTs, in ways that support
new literacies development and the engagement in science
literacy practices with inquiry as a central mode of teach-
ing science.

Methods
Professional Development

This research took place over a l-year period with data
collection at the beginning and end of 1 year. As articu-
lated above, the goal of the project is to enhance teacher
and student learning by fostering instructional strategies
that focus on using technologies, such as ICTs, in ways that
support new literacies development and the engagement in
science literacy practices with inquiry as a central mode of
teaching science. To accomplish this goal, the project uses
educative curriculum (Davis and Krajcik 2005) to ground
the PD experience for participants, where educative
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curriculum is understood as curriculum that is intended to
promote both teacher and student learning. During the year
of PD, in total, two (7-9 days) curriculum modules were
developed by the PD leadership team and used as PD
learning anchors for teacher participants and their students.
Each module was developed in alignment with a modified
version of Slater et al. (2008) backward faded scaffolding
inquiry, whereby the learner experiences increasing levels
of independence through three iterations of cohesive
investigations. To offer a better sense of the educative
curriculum used in the project and the subsequent teacher
and student technology-supported reformed-based experi-
ences, a vignette from an exemplar module is highlighted
in Table 1.

The PD model as depicted in Fig. 1 is conceived with a
theory of action proposing that as teacher participants
engage as learners in the project developed curriculum and
subsequently enact the curriculum in their classrooms, their
content, and pedagogical knowledge will be enhanced so
that teacher learning, teaching practice, and student learn-
ing are improved, both within and beyond the project
curriculum modules anchoring the PD.

Beyond the structure of the PD outlined in Fig. 1, an
outline of the PD experiences of teachers during the sum-
mer workshop, fall monthly meetings, winter workshop,
and spring monthly meetings is shared in Table 2.

Research Design

This study consisted of a comparison of teachers’ before
and after 1 year of PD instructional practices and learning,
a comparison of teachers’ and students’ before and after
1 year of PD new literacies skills and ICT capabilities, and
a comparison of student achievement of students taught by
a teacher who participated in the professional development

Table 1 Educative curriculum module exemplar vignette

(intervention) versus students in a delayed-treatment group
from comparable schools whose teachers did not partici-
pate in PD (comparison). Therefore, with respect to teacher
instructional practices and content learning and teacher and
student new literacies skills, the design is best described as
a one-group pretest/posttest design. With respect to student
achievement, the study is best described as a posttest-only,
quasi-experimental,  control-group  design.  Teacher
instructional practices were assessed with the Reformed
Teaching Observation Protocol (Piburn et al. 2000) and
Technology Use in Science Instruction (Campbell and
Abd-Hamid 2013) observation protocol in March or April
prior to PD and again in March or April at the end of the
year of PD. Teacher learning was assessed with a post-
workshop questionnaire after the summer PD workshop.
Teacher and student new literacies skills and ICT capa-
bilities were assessed with the new literacies scenarios
(NLS) and ICT capabilities instruments, developed by the
Hsu et al. (2013), in April or May prior to PD and again in
April or May at the end of the year of PD. Finally, student
achievement was assessed for students of teachers in the
western USA by the Utah criterion-referenced test (CRT)
in science at the end of the year of their teachers partici-
pating in PD (Note: Student achievement data from stu-
dents of teacher participants in the eastern part of the USA
were not made available to the PD providers; therefore,
only student achievement data from students of teacher
participants in the western USA were used). More about
each instrument employed is shared in Table 3.

Sample and Sample Selection
As depicted in Table 4, there were 27 (intervention) tea-

cher participants in the project in the year of PD investi-
gated in this research, while there were 30 (control) teacher

The following is a vignette that describes students’ experiences engaging in the exemplar module titled Human Impact on Water Quality (Hsu
and Wang 2013). Teachers experience this module as learners as part of the summer PD, before taking it into their classrooms and enacting
it with students in the fall

When trying to determine the role humans have played in changing the environment, students use web search engines to look for news articles
about this topic in their neighborhoods to figure out what factors and how these factors might affect local water quality (e.g., increasing pH
levels). After determining real-life problems through researching news article, the teacher guides the students in considering how credible
cyber databases (e.g., USGS) might be used to determine whether evidence can be found associating water quality with factors they are
interested in investigating. As part of this process, students use spreadsheets to log and organize data (such as the locations of the data
collected and time of data collected) and create charts to analyze the relationships among various factors. Additionally, students can use
mapping tools to mark the locations of the data collected for further comparisons and analyses. They might use GeoPhotos found in Google
Earth to examine geographical environments or pictures of the body of water they are investigating to ensure they have considered other
factors that may contribute to changing pH levels in water. Students then use Google Docs to organize their research results and
collaboratively present their work using charts, tables, pictures, and maps. The teacher can ask students to share their work through social
networking sites (e.g., Edmodo) and also have them critique each other’s projects

This vignette demonstrates the seamless integration of new literacy (i.e., using ICTs to identify, locate, evaluate, synthesize, and communicate
information) to support sense making in reformed-based science instruction. The following ICTs were adopted in this example: web search
engines, cyber databases, spreadsheet, charts, GeoPhotos, Google Earth, Google Docs, and Edmodo
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Summer PD
Workshops/Monthly

Content-Aligned to State
Standards

Module 1-Teacher Learning

Anchor During PD/Monthly Pedagogy-Backwards Faded

Meetings (Fall)

Year 1

Winter Workshops/Monthly

Meetings-Curriculum for
Enactment with Students in
Classrooms in Fall

Scaffolded Inquiry

ICTS-Cognitive Tools for
engaging students in
reformed-based instruction

Content-Aligned to State
Standards

Module 2-Teacher Learning

Anchor During PD/Monthly Pedagogy-Backwards Fadded

Meetings (Spring)

Meetings-Curriculum for
Enactment with Students in
Classrooms in Spring

Scaffolded Inquiry

ICTS-Cognitive Tools for
engaging students in
reformed-based instruction

Fig. 1 Hybridized science content-pedagogy-curriculum material-driven orientation PD

participants. From these 27 (intervention) teacher partici-
pants, observations were completed for 18 participants
prior to PD and at the end of the year of PD, while
observations were completed for all 30 participants in the
delayed-treatment control group (Note: observations were
not completed for nine intervention group participants prior
to the PD for various reasons including participants being
recruited after the academic year when observations would
have been possible. This was not an issue the second year
of the project when the control group was recruited,;
therefore, all 30 delayed-treatment control teachers were
observed prior to PD. All 27 of the intervention teacher
participants completed the teacher learning survey. Addi-
tionally, 24 intervention teacher participants completed a
new literacies and ICT capabilities survey prior to PD and
at the end of 1 year of PD. Additionally, 1,050 students of
teacher participants completed the new literacies and ICT
capabilities surveys at the beginning and at the end of the
2012-2013 academic year. Finally, the CRT was admin-
istered to students of participants in the western part of the
USA to 1,143 students of 14 (intervention) teacher partic-
ipants and 1,153 students of 11 (control) teacher partici-
pants in the delayed-treatment group.

Since random sampling in this project was not possible
because of the difficulties of recruiting participants, espe-
cially those that would serve in delayed-treatment cohorts
either 1 year or 2 years after the initial recruitment, the

sample selection method for assigning teachers to cohorts
and consequently control and intervention groups in this
research is best described as convenience sampling. This is
recognized as a necessary limitation of this research, but
one that was mitigated to some extent by comparing
classroom observations of instructional practices prior to
teacher participant’s participation in the project to dem-
onstrate the similarities among the intervention and control
participant groups (see Table 5).

As can be seen in Table 5, when classroom observations
of teachers prior to engaging in PD were compared using
the Reformed Teaching Observation Protocol (RTOP) and
Technology Use in Science Instruction (TUSI), instruments
described in detail in the following section, no significant
differences were found [i.e., #(46) = 0.02, p = 0.9870 and
1(46) = —1.82, p = 0.0747, respectively]. This offers
some initial evidence of the similarities between all groups
of teachers participating or those readying to participate in
the future (i.e., the delayed-treatment group) and helps to
somewhat mitigate concerns for sampling bias at the tea-
cher level.

Data Analysis
Two different data analyses strategies were used. First, to

investigate the impact of the PD on teacher reformed-based
and technology-integrated instruction, teacher learning,
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Table 2 Structure of summer workshop, fall monthly meetings, winter workshop, and spring monthly meetings

Workshop session

Description

Summer workshop
(9 days)

Fall monthly meetings
(4 x 2 h after
school)

Winter workshop

Spring monthly
meetings
(4 x 2 h after
school)

Day 1-5

Teachers engage in Module 1 educative curriculum (9 days x 45 min class periods) with “learner hats” on and PD
providers as instructors

In between class period sessions, teachers with “teacher hat” on discuss facilitation of each class period and makes
notes in teacher constructed instructional guide to supplement instructional notes provided in educative curriculum

Day 6-9
Prepare materials for enactment in classroom in the fall. This involves creating cloud-based materials for class sections,

developing strategies for enactment in schools taking into account technology, policy, and scheduling constraints and
affordances of their schools

Teachers consider ways in which technologies (e.g., ICTs) can be used to support new literacy and reformed-based
science instruction beyond the educative curriculum they will enact in the Fall

Month 1 meeting

Revisiting principles of reformed-based instruction and new literacy. Additional Time spent preparing to enact Module
1 in the classroom

Month 2 meeting
Reflecting on enactment of Module 1/sharing student artifacts from Module 1
Month 3 meeting

Sharing emergent teacher created tools that emerged during enactment/completion and discussion of fidelity logs
detailing specifics of enactment

Month 4 meeting

Revisiting Module 1 to discuss possible modifications based on enactment

Day 1-2 meeting

Teachers engage in Module 2 educative curriculum (9 days x 45 min class periods) with “learner hats” on and PD
providers as instructors

In between class period sessions, teachers with “teacher hat” on discuss facilitation of each class period and makes
notes in teacher constructed instructional guide to supplement instructional notes provided in educative curriculum

Day 3

Prepare materials for enactment in classroom in the spring. This involves creating cloud-based materials for class
sections, developing strategies for enactment in schools taking into account technology, policy, and scheduling
constraints and affordances of their schools

Teachers consider ways in which technologies (e.g., ICTs) can be used to support new literacy and reformed-based
science instruction beyond the educative curriculum they will enact in the spring

Month I meeting

Revisiting principles of reformed-based instruction and new literacy. Additional Time spent preparing to enact Module
2 in the classroom

Month 2 meeting
Reflecting on enactment of Module 2/sharing student artifacts from Module 2
Month 3 meeting

Sharing emergent teacher created tools that emerged during enactment/completion and discussion of fidelity logs
detailing specifics of enactment

Month 4 meeting

Revisiting Module 2 to discuss possible modifications based on enactment

and teacher and student new literacies skills and ICT
capabilities, descriptive statistics were determined for the
pre- and post-measures for each instrument used (i.e.,
RTOP, TUSI, workshop questionnaires, NLS, ICT capa-
bilities) before matched-pairs ¢ tests were conducted to
compare participants mean pretest to posttest change scores
(posttest minus pretest values) on each total instrument
score and the subscale/construct scores for each instrument.
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An exception to this analysis was the analysis of teacher
learning where paired-samples ¢ tests were only conducted
at the construct level. In addition to an assessment of the
statistical significance of the mean posttest minus pretest
score (p value), effect sizes were calculated as the differ-
ence given by the posttest mean minus the pretest mean
divided by an estimate of the pooled standard deviation of
the change score (i.e., Cohen’s effect size measure, d). The
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Table 3 Research instruments employed

Instruments

Description

Reformed-based and technology-integrated instruction: RTOP
(Piburn et al. 2000) and TUSI (Campbell and Abd-Hamid 2013)

Teacher learning: retrospective post-summer workshop questionnaire

Teacher and student new literacies skills and ICT capabilities: new
literacies scenarios (NLS) instrument (Hsu et al. 2013) and ICT
literacy survey (Markauskaite 2007)

Student achievement: Utah criterion-referenced tests (CRT)

The RTOP was selected because it measures “reformed” teaching as
described by national science standards documents (American
Association for the Advancement of Science 1989; NRC 1996). The
RTOP consists of 25 indicators that are Likert-scaled ranging from
very descriptive (4) to never occurred (0). The items are grouped into
three subsets: Design and Implementation, Content, and Classroom
Culture. The TUSI was selected because it measures the extent to
which technology integration in science classrooms is aligned with
reformed, science inquiry-focused instruction (Campbell and Abd-
Hamid 2013). The TUSI consists of 26 items that are Likert-scaled
ranging from very descriptive (4) to never occurred (0). The items are
divided into five constructs. Five raters, external to the project,
completed the classroom observations. Inter-rater reliability was
established with all raters at .80 or greater

Teacher learning was measured using a post-summer workshop
questionnaire that asked teacher participants about their: (Construct 1)
understanding of science content addressed in the workshop (3 items);
(Construct 2) preparedness to engage in practices consistent with the
nature of science (10 items). Multiple items for each teacher learning
outcome were grouped together into composite scores for each of
these constructs to help combat the potential unreliability of
individual questionnaire items. A “retrospective pre-approach” is
useful with surveys when respondents are likely to change their
perceptions of initial knowledge/preparedness as they learn more
about a topic (Goedhart and Hoogstraten 1992; Howard et al. 1979;
Klatt and Taylor-Powell 2005; Lamb 2005; Pratt et al. 2000).
Additionally, acceptable to excellent reliability for each composite/
construct was found using Cronbach’s coefficient alpha (i.e., ranging
between 0.58 and 0.93 for the two constructs)

New literacies skills were measured with the new literacies scenarios
(NLS) instrument (Hsu et al. 2013). This is a 31-item instrument
consisting of three scenarios situated in middle school teaching and
learning with each scenario followed by several items listing the
procedure and new literacies skills needed throughout the scenario.
The instrument uses a Likert scale ranging from (1) “I am not familiar
with how to do it,” to (5) “I am very familiar with how to do it and
can teach others to do it”

To measure teachers’ ICT capabilities, an adaptation of the ICT literacy
survey developed by Markauskaite (2007) was used since it measures
technical and cognitive capabilities. The survey consists of 35 items
and was originally intended to measure pre-service teachers’
confidence in the following five components of ICTs and cognitive
skills: problem solving, communication and metacognition, basic ICT
capabilities, analysis and production with ICTs, and information- and
internet-related skills

The Utah criterion-referenced test (CRT) was used to assess student
achievement. The Utah Science CRTs were selected to measure
student achievement because they are reported to be “high quality,
valid, aligned, reliable assessments to measure student understanding
of core content-specified concepts to appropriately inform
instructional and accountability decisions” (USOE 2007)

following Cohen effect sizes were used: 0.1-0.3 are small
to medium, while those from 0.3 to 0.5 are medium to large
(Cohen 1988).

Second, to investigate the impact of the PD on student
achievement, descriptive statistics were determined for the
students of participant teachers (intervention) and students
of non-participating delayed-treatment teachers (control)

measures for the CRT before independent-sample ¢ tests
were conducted to compare intervention and control group
mean student scores on the total CRT score and each
subscale/construct scores for CRT. Additionally, scores
were disaggregated and ¢ tests were conducted to examine
intervention and control group student scores for the fol-
lowing different student demographics: white/non-white
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Table 4 Sample

Teacher Classroom Teacher learning Teacher ICT/NLS  Students ICT/NLS  Teachers’ students
participants observations surveys surveys surveys CRT scores
Intervention 27 18 27 24 1,050 1,143
Control 30 30 - - - 1,153

Table 5 Pre-intervention group versus pre-delayed-treatment group
classroom observation comparisons

Cohort nsize Mean SD ¢ p Value

RTOP scale

1 Intervention 18 1.53 1.09 —-033 0.7414
Control 30 1.63  0.96

2 Intervention 18 232 0.79 -0.34 0.7346
Control 30 241 0.85

3 Intervention 18 1.37  1.06 0.43 0.6669
Control 30 .22 1.18

4 Intervention 18 1.57 1.09 0.27 0.7856
Control 30 149 0091

5 Intervention 18 2.07 1.07 —-0.07 0.9464
Control 30 209 094

Total Intervention 18 1.77  0.96 0.02 0.9870
Control 30 1.77  0.88

TUSI scale

1 Intervention 18 0.33  0.52 —1.89 0.0648
Control 30 094 1.29

2 Intervention 18 0.31 054 —-1.73 0.0897
Control 30 0.79 1.10

3 Intervention 18 0.54 092 —-1.68 0.1000
Control 30 1.08 1.16

4 Intervention 18 0.32 0.58 —1.87 0.0679
Control 30 0.91 1.24

5 Intervention 18 0.19 0.53 —1.46 0.1508
Control 30 0.61 1.13

Total Intervention 18 0.35 059 -—-1.82 0.0747
Control 30 0.88 1.14

RTOP scales: 1 = lesson design/implementation; 2 = propositional
knowledge; 3 = procedural knowledge; 4 = communication and
interaction; 5 = student/teacher relations. TUSI scales: 1 = context;
2 = worthwhile; 3 = unique features; 4 = more accessible;
5 = technology/science distinction

and socioeconomic status. (Note: p values are unadjusted).
Because of the multiple constructs for each instrument and
the use of the same groups of participants, a Bonferroni
approach is indicated for assessment of the statistical sig-
nificance of the differences of means. Thus, for study
instruments with 5-6 scales comparisons, p values less than
(about) 0.01 rather than the traditional 0.05 o level imply a
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significant difference, while p values below 0.003 might be
interpreted as highly statistical significant.)

Findings

The findings are organized by the research questions.

Research Question 1 What is the impact of 1 year of
professional development on:

(a) reformed-based and technology-integrated instruction?

(b) teacher learning?

(c) teacher and student new literacies skills and ICT
capabilities?

Reformed-Based and Technology-Integrated
Instruction

Table 6 reveals the descriptive statistics for the classroom
observations completed using the RTOP and TUSI both
prior to PD and at the end of the year of PD. When con-
sidering instruction, based on independent-sample ¢ tests
completed, time engaged in PD was found to be an influ-
ential factor affecting both reformed-based and technol-
ogy-enhanced instruction, #(18) =2.94, p < 0.009;
1(18) = 4.51, p < 0.001, respectively. Additionally, sig-
nificant increases (i.e., p values less than (about) 0.01) in
reformed-based and technology-enhanced instruction were
found for 3/5 of the constructs for RTOP and all of the
constructs of TUSI each construct (see Table 6).

In addition to comparisons made with the RTOP and
TUSI ratings prior to PD and at the end of 1 year of PD for
teachers in the intervention group, RTOP and TUSI ratings
from after 1 year of PD from the intervention group were
compared to the RTOP and TUSI ratings for the delayed-
treatment group prior to engaging in PD (see Table 7).

As can be seen in Table 7, when considering differences
between instruction of intervention teachers after 1 year of PD
compared to delayed-treatment teachers prior to PD, based on
independent 7 tests completed, again time engaged in PD was
found to be an influential factor positively affecting both
reformed-based and technology-enhanced instruction,
1(46) = 3.33, p < 0.002; #(46) = 3.24, p < 0.002, respec-
tively. Additionally, significant increases [i.e., p values less
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Table 6 Before and after PD

Before PD After PD Difference: after PD — before PD
RTOP (n = 18) and TUSI
results: before PD and after PD Mean SD Mean SD Mean SD t p value
and after PD — before PD
Scale
1 1.53 1.09 2.62 1.32 1.09 1.39 3.33 0.0040%*
2 2.32 0.79 3.08 0.60 0.76 1.03 3.10 0.0064**
3 1.37 1.06 221 1.40 0.84 1.64 2.18 0.0432%*
4 1.57 1.09 2.48 1.03 0.91 1.57 2.47 0.0245%*
5 2.07 1.07 3.07 1.03 1.00 1.43 2.97 0.00877%*
Overall 1.77 0.96 2.69 1.00 0.92 1.33 2.94 0.00927%:*
TUSI (n = 18)
1 0.33 0.52 1.97 1.63 1.63 1.67 4.16 0.00077%:*
2 0.31 0.54 2.13 1.58 1.80 1.69 4.39 0.0005%**
3 0.54 0.92 2.29 1.59 1.75 1.79 4.16 0.0007%**
4 0.32 0.58 2.00 1.68 1.68 1.79 3.97 0.0010%%**
5 0.19 0.53 1.79 1.58 1.60 1.51 4.49 0.0003 %
*p =005 ** p < 0.0L; Overall 0.35 059 215 153 178 163 451 0.0004%#

% p < 0.001

than (about) 0.01] in reformed-based and technology-
enhanced instruction were found for all of the constructs for
RTOP and TUSI, except for Construct 1, context, where
increases were found, but were not significant at the more
stringent 0.01 a-level.

Teacher Learning

Table 8 reveals the descriptive statistics for the pre-/post-
composites for teacher learning. With respect to teacher
learning, based on the two-tailed paired-samples # tests com-
pleted to test participant teachers’ retrospective perceptions
pre- to post, time engaged in the PD summer workshop was
found to be an influential factor affecting both (Construct 1)
understanding of science content addressed in the workshop
and (Construct 2) preparedness to engage in practices consis-
tent with the nature of science. This can be seen as significant
differences were found for both constructs. Additionally, the
20-point or greater differences on Constructs 1 and 2 are
equivalent to large effect sizes of 1.16 and 1.67 standard
deviations.

Teacher and Student New Literacies Skills and ICT
Capabilities

Table 9 reveals the descriptive statistics for the pre-/post-
composites for teacher ICT capabilities (i.e., ability to use
ICTs) and new literacies scenarios (NLS) (i.e., new liter-
acies skills), while Table 10 reveals these for students. Pre-
and post-intervention self-reporting surveys focused on
ICT capabilities and NLS examined whether differences
could be found between pre- and post-intervention. When

Table 7 Intervention group after 1 year of PD versus delayed-treat-
ment group prior to PD classroom observation comparisons

Cohort nsize Mean SD ¢ p Value

RTOP scale

1 Intervention 18 2.62 132 3.00 0.0044%*
Control 30 1.63  0.96

2 Intervention 18 3.08 0.60 2.93 0.0053%*
Control 30 241  0.85

3 Intervention 18 2.21 1.40 2.62 0.0118%%*
Control 30 1.22  1.18

4 Intervention 18 2.48 1.03 3.48 0.0011**
Control 30 149 091

5 Intervention 18 307 1.03 336 0.0016**
Control 30 2.09 094

Total Intervention 18 2.69 1.00 3.33 0.0017%%*
Control 30 1.77  0.88

TUSI scale

1 Intervention 18 1.97 1.63 241 0.0198*
Control 30 0.94 129

2 Intervention 18 2.13 158 3.41 0.0014%*
Control 30 0.79 1.10

3 Intervention 18 229 159 3.03 0.0040%*
Control 30 1.08 1.16

4 Intervention 18 2.00 1.68 2.58 0.0131**
Control 30 0.91 1.24

5 Intervention 18 1.79 158 3.02 0.0041%*
Control 30 0.61 1.13

Total Intervention 18 2.15 1.53 324 0.0023*%*
Control 30 0.88 1.14

*p <0.05; ¥ p < 0.01; #** p < 0.001. RTOP scales
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Table 8 Teacher learning results: post-summer workshop question-
naire (n = 27)

Construct  Prior to After workshop Effect size (in SD)
workshop
Mean SD Mean SD

1 73.25 16.67 93.42* 1034 1.16

2 69.11 16.99 93.48* 1055 1.67

* p < 0.05. Construct scales: 1 = science content; 2 = nature of
science

considering ICT capabilities and NLS, based on indepen-
dent 7 tests completed, significant increases in overall ICT
capabilities and NLS from pre- to post-intervention surveys
were found for both teachers and students, teacher:
1(24) = 4.45, p < 0.001; 1(24) = 8.71, p < 0.001 and stu-
dent: #(1,050) = 9.28, p < 0.001; #(1,050) = 20.76,
p < 0.001, respectively. Additionally, significant increases
were found for all constructs for teachers and students,
except when considering Scale 1 and 2 for teachers of ICT
Capabilities (i.e., problem solving, communication, and
metacognition).

Research Question 2 What is the impact of typical
instruction versus professional development model sup-
ported instruction on student achievement?

Table 11 reveals the descriptive statistics for the stu-
dents of participant teachers (intervention) and students of
non-participating delayed-treatment teachers (control)

measures for the CRT before independent-sample ¢ tests
were conducted to compare intervention and control group
student scores on the total CRT score and each subscale/
construct scores for CRT. Additionally, Table 12 reveals
disaggregated scores and ¢ tests completed to examine
intervention and control group student scores for the fol-
lowing different student demographics: white intervention
versus white control, non-white intervention versus non-
white control. And finally, Table 13 reveals disaggregated
scores and ¢ tests completed to examine intervention and
control group student scores for the high socioeconomic
intervention group versus high socioeconomic control
group and low socioeconomic intervention group versus
low socioeconomic control group. As can be seen in
Table 11, students of participant teachers (intervention)
performed significantly higher than students of non-par-
ticipating delayed-treatment teachers (control) overall on
the state standardized examination #(1,153) = 2.80,
p < 0.005. Table 11 also reveals differences among inter-
vention and control student achievement at the standard
level of modules that served as learning anchors for PD and
classroom enactment. More specifically, the analysis
revealed that students of teacher participants classrooms
performed statistically better for both standards targeted
(i.e., Standard II and Standard IV).

Beyond investigating overall student achievement, as
can be seen in Table 12, when white and non-white stu-
dents were separated and analyzed, almost all significant
differences between the intervention and control students

Table 9 Teacher ICT capabilities (n = 24) and new literacies scenarios results: before PD and after PD and after PD — before PD

Before PD After PD Difference: after PD — before PD Effect size
Mean SD Mean SD Mean SD t p Value
Scale
1 4.28 0.48 4.47 0.36 0.19 0.45 2.02 0.0548 0.41
2 441 0.67 4.50 0.40 0.10 0.55 0.88 0.3897 0.18
3 4.13 0.52 4.33 0.60 0.20 0.38 2.61 0.0155* 0.53
4 3.65 0.75 3.96 0.53 0.30 0.42 3.58 0.0016%* 0.73
5 3.90 0.50 4.17 0.67 0.26 0.51 2.52 0.0190* 0.52
Overall 4.02 0.47 4.24 0.44 0.23 0.25 4.45 0.0002%3* 0.91
New literacies scenarios (n = 24)
1 3.07 0.77 3.77 0.61 0.70 0.68 5.07 0.0000%** 1.04
2 3.68 0.72 4.17 0.56 0.48 0.46 5.10 0.0000%** 1.04
3 3.78 0.64 4.43 0.57 0.65 0.39 8.12 0.0000%** 1.66
4 3.04 0.80 4.03 0.48 0.99 0.54 8.96 0.0000%*3 1.83
5 3.23 0.98 4.02 0.60 0.79 0.75 5.17 0.0000%** 1.06
Overall 3.32 0.73 4.06 0.48 0.75 0.42 8.71 0.0000%** 1.78

ICT capabilities scales: 1 = problem solving; 2 = communication and metacognition; 3 = basic capabilities; 4 = analysis and production;
5 = information and internet capabilities. NLS scales: 1 = identify/recognize info; 2 = locate/manage info; 3 = evaluate info; 4 = synthesize/

answer; 5 = communicate answers
*p <0.05; ** p < 0.01; *** p < 0.001
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Table 10 Student ICT capabilities (n = 1,050) and new literacies scenarios results: before PD and after PD and after PD — before PD

Before PD After PD Difference: after PD — before PD Effect size
Mean SD Mean SD Mean SD t p Value
Scale
1 3.96 0.63 4.09 0.67 0.13 0.73 5.84 0.00007%* 0.18
2 4.07 0.67 4.17 0.65 0.10 0.76 4.34 0.00007%** 0.13
3 3.87 0.72 4.04 0.74 0.17 0.79 7.19 0.0000%** 0.22
4 3.78 0.75 3.95 0.74 0.17 0.79 7.08 0.0000%%** 0.22
5 3.57 0.78 3.83 0.79 0.25 0.85 9.87 0.00007%#* 0.30
Overall 3.82 0.60 3.99 0.61 0.18 0.62 9.28 0.00007%* 0.29
New literacies scenarios (n = 1,050)
1 3.14 0.91 3.64 0.90 0.49 0.99 16.31 0.00007%* 0.50
2 3.29 0.97 3.82 0.85 0.52 0.98 17.26 0.00007%* 0.53
3 3.04 0.98 3.62 0.96 0.58 1.08 17.48 0.00007%* 0.54
4 2.88 0.97 3.84 0.87 0.56 0.92 19.87 0.0000%** 0.61
5 3.37 0.97 3.84 0.87 0.56 0.92 19.87 0.0000%%** 0.61
Overall 3.11 0.90 3.70 0.82 0.59 0.90 20.76 0.00007%** 0.64

*p < 0.05; ** p < 0.01; **+ p < 0.001

Table 11 CRT overall and standard-level results

Group nsize Mean SD ¢ p value/effect size

Percent correct

Intervention 1,153 769 164 2.8 0.0046%*

Control 1,146 74.8 19.2 0.12
Total scaled score

Intervention 1,153 1678 9.8 2.1 0.0409*

Control 1,146 1669 114 0.09
Standard I

Intervention 1,153 729 19.7 2.7 0.0074%*

Control 1,146 70.6 21.6 0.11
Standard II

Intervention 1,153 833 169 3.5 0.0005%*%*

Control 1,146 80.6 20.2 0.15
Standard IIT

Intervention 1,153 782 19.8 0.7 0.4882

Control 1,146 77.6 21.5 0.03
Standard IV

Intervention 1,153 752 17.7 3.7 0.0002%%**

Control 1,146 722 209 0.15

*p < 0.05; % p < 0.01; **¥* p < 0.001

disappeared, indicating that the non-white students were at
least somewhat responsible for any differences found
overall. Evidence from this can be seen in the consistently
higher average achievement of the non-white students from
intervention students in comparison with the non-white
control students. When low-income students from inter-
vention and control teachers were compared in Table 13,
almost all of the significance found overall remained

demonstrating the low-income students from intervention
classrooms performed significantly higher than low-income
students from control classrooms. This indicated that low-
income students might be receiving the biggest benefit
from their teachers’ participation in the project.

Discussion

Like the findings section, the discussion section is orga-
nized by the research questions. Beyond this, another
section follows the discussion of the research questions to
examine the connection between the findings from the
research questions as they relate to the PD model
investigated.

Research Question 1 What is the impact of 1 year of
professional development on:

(a) reformed-based and technology-integrated instruc-
tion?

(b) teacher learning?

(c) teacher and student new literacies skills and ICT
capabilities?

Reformed-Based and Technology-Integrated
Instruction

Both the RTOP and TUSI are consistent with national stan-
dards documents, which prioritize teaching science as inquiry
that is grounded in constructivist principles. TUSI was also
designed to measure the extent to which technology is being

@ Springer



J Sci Educ Technol

Table 12 CRT overall and standard-level results: white versus non-white comparisons

White Non-white

Group nsizec Mean SD ¢ p value/effect size  Group nsize Mean SD ¢ p value/effect size
Percent correct Percent correct

Intervention 1,100 774 162 04 0.6596 Intervention 53 67.0 182 1.1 0.2935
Control 956 77.0 175 0.02 Control 190 63.4 229 0.16
Total scaled score Total scaled score

Intervention 1,100 168.1 9.8 0.2 0.8494 Intervention 53 162.2 9.1 09 0.3709
Control 956 1682 114 0.01 Control 190 160.6 124 0.14
Standard 1 Standard 1

Intervention 1,100 734 196 0.8 0.4366 Intervention 53 63.8 203 1.0 0.3227
Control 956 72.7 20.2 0.03 Control 190 60.2 253 0.15
Standard 11 Standard 11

Intervention 1,100 83.6 168 1.1 0.2846 Intervention 53 75.6 183 1.8 0.0812
Control 956 82.8 183 0.05 Control 190 69.2 249 0.27
Standard 111 Standard 111

Intervention 1,100 787 193 1.6 0.0.1217 Intervention 53 67.0 257 0.5 0.6307
Control 956 80.0 19.8 —0.07 Control 190 65.1 253 0.07
Standard IV Standard 1V

Intervention 1,100 757 175 1.5 0.1246 Intervention 53 64.1 192 09 0.3625
Control 956 745 195 0.07 Control 190 60.8 23.6 0.14
*p <0.05; ¥ p <0.01; *** p < 0.001

Table 13 CRT overall and standard-level results: high versus low socioeconomic

High socioeconomic Low socioeconomic

Group nsize Mean SD ¢ p value/effect size  Group nsize Mean SD ¢ p value/effect size
Percent correct Percent correct

Intervention 956 78.6 153 14 0.1758 Intervention 197 68.5 19.0 22 0.0275*
Control 908 77.6 170 0.06 Control 238 64.0 228 0.21
Total scaled score Total scaled score

Intervention 956 1688 9.3 0.6 0.5297 Intervention 1,153 1632 10.7 2.0 0.0434*
Control 908 168.5 10.5 0.03 Control 1,146 161.0 124 0.20
Standard 1 Standard 1

Intervention 956 747 186 1.7 0.0851 Intervention 1,153 642 227 1.5 0.1364
Control 908 732 20.2 0.08 Control 1,146 60.8 242 0.14
Standard 11 Standard 11

Intervention 956 84.6 16.1 1.7 0.0918 Intervention 1,153 77.0 193 3.1 0.0021%**
Control 908 832 179 0.08 Control 1,146 703 247 0.30
Standard 111 Standard 111

Intervention 956 80.1 184 0.7 0.4607 Intervention 1,153 69.0 231 14 0.1577
Control 908 80.7 19.1 —0.03 Control 1,146 65.6 25.6 0.14
Standard 1V Standard IV

Intervention 956 77.1 16.8 2.3 0.0213* Intervention 1,153 662 193 24 0.0155%
Control 908 75.1 19.0 0.11 Control 1,146 61.1 239 0.23

* p <0.05; ¥ p < 0.01; *** p < 0.001
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integrated in classrooms in alignment with reformed-based
science teaching and learning and has been proposed as a one
measure of TPACK in reformed-based science instruction.
Examples of indicators within these instruments that demon-
strate the kinds of shifts targeted in instruction are as follows:
RTOP students made predictions, estimations, and/or
hypotheses and devised means for testing them; TUSI students
use technology to display data in a way that helps them for-
mulate conclusions. As can be seen in Table 6, participants
made significant improvements in their instruction overall on
both instruments and on all constructs. Additionally, as can be
seen in Table 7, not only did participants make significant
improvement in their instruction overall when comparing pre-
and post-classroom observations, after 1 year of PD significant
positive differences were also found when comparing the
intervention group after PD to the delayed-treatment control
group prior to PD. This offers additional evidence of the
impact of the PD on instruction, since when comparing
instruction of intervention teachers prior to engaging in PD to
instruction of the delayed-treatment control group prior to PD
(see Table 5), no original significant differences were noted.

For the intervention group (Table 5), with respect to
reformed-based instruction, before participation in the
professional development, while the indicators for
reformed instruction were observable, the overall average
mean score on each scale and overall suggested that the
types of instruction sought in recent standards documents
happened infrequently at best (i.e., average mean for RTOP
was 1.77). In our previous research, a participant, who was
also a participant in this study, shared the following that
helps explain these pre-PD findings:

My biggest gains [in the PD] came from learning how
to teach using inquiry. I didn’t really do inquiry
before... and now [ do it often. I had always been taught
that inquiry was the thing I should be striving for, but I
had never seen it in action or had anyone explain to me
how to implement it (Campbell et al. 2014, p. 1840).

Conversely, at the end of 1 year of PD, while there still
existed room for even more alignment with reformed-based
instruction, evidence could be found (i.e., average mean for
RTOP was 2.69) to suggest that participants’ instruction
was more often aligned with reformed instruction
described in the RTOP (e.g., lesson encouraged students
to seek and value alternative modes of investigation or of
problem solving or students were encouraged to generate
conjectures, alternative solution strategies, and ways of
interpreting evidence). Our findings here, with respect to
PD having a positive impact on teachers propensity to
enact reformed-based instruction, also align with findings
of others (e.g., Rushton et al. 2011).

With respect to integrating technology into science
instruction before PD, as evidenced by TUSI ratings,

participants were seldom found integrating technology in
ways aligned to reformed-based instruction (i.e., average
mean for TUSI was 0.35); something explained by one
participant in our previous research:

I... use technology, but have never done so in such an
integrated way. For a long time I have been trying to
imagine my ideal classroom but have been struggling
how to put all of the pieces together in an effective
way (Campbell et al. 2013, p. 12)

These findings regarding the ways in which participants
used technology in science instruction prior to PD aligned
with what others have found (e.g., Baylor and Ritchie
2002; Lim and Chai 2008). As an example, Bell et al.
(2013) describe how technology has traditionally not being
used to support reformed-based instruction. But, after
1 year of PD, just as with reformed-based instruction,
while there still existed room for integrating technology
into science instruction in ways even more aligned to
reformed-based instruction, some evidence could be found
(i.e., average mean for TUSI was 2.15) to suggest that
participants’ instruction more often integrated technology
in ways aligned with TUSI (e.g., students engage in
technology and use it for observing and data collecting or
technology is used to help students collaborate in building
their knowledge of science and scientific inquiry). Some
explanations for how participants began to envision and
integrate technology in science instruction as a result of
participation in the PD were shared by participants in our
previous research:

e [ feel like technology is used best when students can
use it to virtually collect data and then present it with
ICTs.

¢ Students can also see in real time how charts and graphs
change as data are put into a data table.

e It [technology-Google Docs specifically] is also a way
for them to organize data that they collect in other class
investigations and a way to communicate or collaborate
with their work groups or with me [the teacher]
(Campbell et al. 2014, p. 1835)

Koehler and Mishra (2005), as well as other researchers
(e.g., Campbell and Abd-Hamid 2013; Crippen 2012;
Niess 2005; Pamuk 2012), have identified how TPACK
takes into account another realm of teacher knowledge
(i.e., technology) and considers the role TPACK plays in
teachers’ conceptualization and enactment of instruction
in classrooms. While more research is certainly needed
to learn more about the decisions teachers in this study
are making about using technological resources in sci-
ence instruction, these findings, especially significant
improvements in TUSI ratings recorded through class-
room observations when comparing before and after
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1 year of PD, provide initial evidence of teachers’
developing TPACK for reformed-based science teaching
that moves beyond the more commonly found traditional
applications of technology in science classrooms descri-
bed by Bell et al. (2013), Campbell et al. (2013), and
Hsu and Wang (2013).

Overall, the results reported here are positive and
demonstrate a promising change in instruction aligned with
outcomes targeted by the PD. Additionally, these findings
begin to provide the needed documentation of the impact of
professional development on teaching practice that Roth
et al. (2011) suggested are desperately needed.

Teacher Learning

Just as documentation of the impact of professional devel-
opment on teaching practice is needed, so also is documen-
tation of teacher learning. And, while most PD targets
teacher learning, it is often the case that this aspect of PD
goes undocumented. As is seen in Table 8, in addition to
targeting changes in teaching practice and student achieve-
ment, the PD investigated in this research targeted both
participants’ science content and preparedness to engage in
practices consistent with the nature of science. Care must be
taken here in making claims regarding these findings since
self-reporting surveys were used, but as described earlier, the
fact that a retrospective pre- to post-approach was employed
was seen as useful, especially since respondents are likely to
change their perceptions of initial knowledge/preparedness
as they learn more about a topic (Goedhart and Hoogstraten
1992; Howard et al. 1979; Klatt and Taylor-Powell 2005;
Lamb 2005; Pratt et al. 2000). As can be seen in Table 8, the
participants reported significant gains in the science content
addressed in the workshop (i.e., mean of 73.25 prior and
mean of 93.42 after PD). This is important since the science
content addressed in the workshop was the content focus of
the curriculum materials that served as a learning anchor for
teachers during the PD. And, these curriculum materials later
served as a resource to support instruction in the classroom
with students during the academic year. An abundance of
research can be found documenting the importance of
teachers’ content knowledge in supporting student learning
(e.g., Sadler etal. 2013). As an example, among other things,
Sadler et al. (2013) found that teachers’ subject matter
knowledge could account for higher student gains on stan-
dardized assessments. Therefore, given the alignment
between the science content focus of the PD workshop and
the curriculum materials teachers were asked to appropriate
in the classroom during the academic year, the gains in tea-
cher content identified are promising, especially since these
content learning gains have the potential to influence student
achievement, something that was also investigated and
found occurring in this research.

@ Springer

With respect to learning gains found when considering
participants’ preparedness to engage in practices consistent
with the nature of science (i.e., mean of 69.11 prior and
mean of 93.48 after PD), because of the importance of the
nature of science in science instruction (c.f., Achieve Inc.
2013; NRC 1996, 2012), this too holds potentially impor-
tant implications for the instruction participants will
facilitate. Additionally, these findings mirror the findings
from qualitative research also completed alongside this
research in this NSF funded project, whereby project par-
ticipants were found developing more sophisticated
understandings of the nature of science during the year of
PD (Campbell et al. 2014). More specifically, participants
were found moving from naive conceptions of the nature of
science focused on getting the “right answers” associated
with natural realism to more sophisticated conceptions
focused on the empirical nature of science, understanding
science as a way of thinking and problem solving, and the
tentativeness of science (Campbell et al. 2014). Examples
of essential basic understandings of the nature of science
highlighted in the Next Generation Science Standards
identify are as follows: scientific investigations use a
variety of methods, scientific knowledge is based on
empirical evidence, scientific knowledge is open to revi-
sion in light of new evidence (Achieve Inc. 2013, Appen-
dix H, p. 4). If teachers are to help students develop these
essential understandings, it is important that attention is
given to teachers’ development of these understandings.
More to the point, research like Campbell et al. (2013),
Duschl (1990), and Lederman (1992) describe how when
teachers’ beliefs about the nature of science are revealed, in
many cases they are less satisfying than what is expected.
But, like the findings revealed here, others have found that
teacher learning about the nature of science can be sup-
ported by PD, if the PD model engages teachers in
instruction that aligns with the work of scientists and if
explicit discussion and reflection are given to these
essential nature of science understandings (e.g., Ackerson
et al. 2009).

Teacher and Student New Literacies Skills and ICT
Capabilities

As revealed earlier, among other things, in reviewing the
literature related to technology-focused PD, Lawless and
Pellegrino (2007), Gerard et al. (2011), and Higgins and
Spitulnik (2008) described how their review provided only
limited insight into the impacts technology-focused pro-
fessional development had on teacher development. The
findings in Table 9 provide additional documentation of
the impacts of the technology-focused professional devel-
opment in teacher development examined in this research.
Specifically, these findings reveal teacher participants’
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facility in using ICTs to accomplish meaningful tasks they
may encounter when engaging in science-related activities
in communities of practices. As noted in Table 9, teacher
participants’ reported significantly higher facility with new
literacies, both overall and related to each of the sub-con-
structs. This indicated that teachers reported increased
facility in using ICTs to (a) identify research questions,
recognize information relevant to the problems, (b) locate
information relevant to the problems and managing infor-
mation located, (c) evaluate the usefulness of the data
collected, (d) synthesize information and produce infor-
mation to answer questions, and (¢) communicate and share
research findings with others (Leu et al. 2004). These
findings are important since as we noted earlier, technology
is shaping or reshaping lives and society [e.g., fixtures in
youth culture (Ito et al. 2008), leading to new science fields
(Hey et al. 2009), and transforming science practices (Sa-
belli 2006)]. Therefore, ensuring that teachers are better
prepared to teach, learn, and solve scientific and societal
problems with technologies is essential if they are going to
foster students’ new literacies.

When considering ICT capabilities more specifically,
teachers reported increased facility overall, and for some,
but not all of the sub-constructs. So, with respect to
teacher participants’ technical and cognitive capabilities
with ICTs, significant increases were reported for basic
ICT capabilities, analysis and production with ICTs, and
information- and internet-related skills. The two sub-
constructs related to teacher participants’ technical and
cognitive capabilities with ICTs that were not found
increasing significantly were problem solving and com-
munication and metacognition. When teachers’ initial
reported capabilities are examined, it can be seen that
these also increased, but they were already reported as
quite high prior to the PD (i.e., problem solving = 4.28/
5.00 and communication and metacognition = 4.41/5.00).
So, teachers came to the PD with confidence in their
capabilities related to these sub-constructs. In the end,
these findings suggest that teachers’ facility with ICTs
specifically related to how they may be used produc-
tively in civic life increased and that this is at least an
initial step toward them beginning to successfully culti-
vate their students’ facility with ICTs in the context of
science instruction, which is something also examined in
this research and discussed next.

In addition to calls for PD research to examine teacher
learning and teacher practices, Roth et al. (2011), among
others, also call for PD research to examine student
learning. Student learning in this research was examined
both with respect to the extent to which they were devel-
oping new literacies and ICT capabilities and, as will be
discussed in the next section, student achievement. With
respect to new literacies and ICT capabilities, as seen in

Table 10, significant increases overall for both new liter-
acies and ICT capabilities were found, and this was also the
case when considering the sub-constructs for both. These
findings are promising, especially when considered along-
side the significant gains observed for their teachers who
engaged in the PD.

Research Question 2 What is the impact of typical
instruction versus professional development model sup-
ported instruction on student achievement?

Among the findings of this research, those related to student
achievement emerged as the most salient. This is seen as
significant positive differences overall and for each of the
standards targeted with the curriculum modules used to
anchor PD were found for the students of participant teachers
(intervention) when compared to students of non-participating
delayed-treatment teachers (control) (Table 11). And, per-
haps even more compelling, are the findings suggesting that
non-white students (Table 12) and low socioeconomic stu-
dents (Table 13) were found contributing more to the signif-
icant positive differences identified. This is especially
compelling since the non-white students and low socioeco-
nomic students were much smaller groups exerting a greater
influence on the overall positive student achievement differ-
ences found when compared to the larger groups of white
students and high socioeconomic students (i.e., non-white =
53/190 vs. white = 1,100/956; low socioeconomic = 197/
238 vs. high socioeconomic = 956/908). The fact that non-
white students seem to be benefiting most, as an outcome of
their teachers’ participation in the PD project investigated in
this research, seems aligned to other research investigating
inquiry-based instruction in comparison with traditional or
commonplace science instruction. This is seen in Wilson et al.
(2010) as they investigated the effects and equity of inquiry
based and commonplace science teaching. In their research,
students in inquiry-based groups reached significantly higher
achievement compared to those students experiencing
commonplace instruction. Additionally, they found that
the commonplace instruction they investigated resulted in
detectable achievement gaps by race, while the inquiry-
based instruction did not (Wilson etal. 2010). With respect
to low-income students, findings comparable to those
reported here were reported by Lynch et al. (2005), where
they found that students receiving inquiry-based instruc-
tion outperformed comparison groups, regardless of
socioeconomic status, among other things. What makes
our findings unique and important is that our research
connects this student achievement to teachers participa-
tion in the PD model investigated in this research, while
Wilson et al. (2010) and Lynch et al. (2005) were not
focused on PD, but instead were more concerned with
inquiry-based instruction and curriculum more generally
as the intervention.
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Research Questions Findings and Their Implications
for the Hybridized Science Content-Pedagogy-
Curriculum Material-Driven Orientation PD Model
Being Investigated

As was described earlier, the PD model theory of action
proposes that that as teacher participants engage as learners
in the project developed curriculum and subsequently enact
the curriculum in their classrooms, their content and ped-
agogical knowledge will be enhanced so that teacher
learning, teaching practice and student learning are
improved, both within and beyond the project curriculum
modules anchoring the PD. The theory of action goes on to
assert that evidence of the efficacy of the PD model will be
found in proxies for teacher learning, teacher practice, and
student learning. The result presented in Research Question
1 and Research Question 2 begins to provide the initial
promise of the PD model. This was seen, as some evidence
of teacher learning was found for teachers in the retro-
spective pre- to post-surveys that revealed participant-
reported significant gains in the science content addressed
in the workshops. Evidence supporting the promise of the
PD model positively impacting teacher learning was also
found as teacher participants’ reported higher facility in
using ICTs and with new literacies. With respect to teacher
practice, initially promising evidence of the efficacy of the
PD model positively shaping instruction as measured by
classroom observations was found as participants’
instruction was more aligned with reformed-based
instruction and as technology was found being integrated in
science instruction in ways more aligned with reformed-
based instruction.

When considering student learning, initial promising
evidence of the efficacy of the PD model was found as
teacher participants’ students reported higher facility in
using ICTs and with new literacies at the end their teach-
ers’ engagement in 1 year of PD. Evidence of the efficacy
of the PD model for improving student learning was also
found as significant positive differences in student
achievement were identified, both for the standards tar-
geted by the curriculum modules and beyond. In summary,
while care must be taken at the stage, since only 1 year of
the 2-year PD module is being investigated, the collection
of evidences investigated and presented support the
promise of the PD model.

Conclusion, Implications, and Future Research
This research was undertaken to examine a professional
development model focused on enhancing teacher and

student learning by using information and communication
technologies (ICTs) for engaging students in reformed-
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based instruction. The research is important because of its
focused on the important connections between teachers’
participation in professional development, changes in
teaching practice, and student achievement (Higgins and
Spitulnik 2008; Roth et al. 2011). Additionally, and more
specifically, this research was important because of the
needed focus on how teacher’s pedagogy and development
change as a result of engagement in technology-enhanced
science teacher PD (Gerard et al. 2011; Higgins and Spi-
tulnik 2008; Lawless and Pellegrino 2007). As was
revealed in the findings section, this research provided
important evidence, demonstrating that the PD model
examined shows promise in supporting teachers’ learning
and practice. With respect to students, this research dem-
onstrates the promise of the PD model examined specifi-
cally and reformed-based and technology-integrated
instruction more broadly, for all students in the population
examined. And, perhaps most saliently, this research
demonstrated the initial promise for how low socioeco-
nomic student populations and the non-white populations
seem to be benefiting most from their teacher’s participa-
tion in the PD model examined.

This research originated in 2010 as the authors proposed
a vision for PD-supported technology integration in science
instruction (Campbell et al. 2010) and subsequently
received funding to test the assumptions inherent in the
proposed framework. This current research is a result of
our continuing work, but is seen as only the next step in the
important process of examining the complexities of pro-
fessional development. As an example, through using
curriculum modules as anchors for PD to support teacher
learning that teachers also take into their classrooms in
their work with students, variations in how teachers
appropriate these resources have been recognized. This has
led the authors to consider how teachers’ orientations shape
and are shaped by PD (Campbell et al. 2013, 2014) and
what factors impact what, why, and how teachers enact
learning from professional development (PD). Future
research planned will also look at the impact of a second
year of PD that builds on the initial year examined in this
research. Finally, these findings are interrelated with the
work of others examining PD more broadly and the
impacts technology-focused professional development
specifically. We submit them here to add to current liter-
ature in these areas, while also exposing them for further
scrutiny.
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