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Abstract

New notions of science teaching and learning provide challenges for designing and
using classroom assessment. Existing assessments are not effective in assessing and
supporting desired science learning because they are not designed to capture and aid
such learning (NRC 2014; Pellegrino 2013). In addition, it is important to evaluate
effectiveness of existing and developed classroom assessments and their usage in
supporting desired science learning. Newer notions of validity stress that assessment
should have a positive impact on learning and teaching; thus, validity and effective-
ness of an assessment should be linked to highlight how an assessment supports
learning. Therefore, we suggest that just focusing on the assessment itself, or teachers’
understanding and implementing of assessment, to investigate effectiveness of class-
room assessment will be incomplete. This qualitative study focuses on the effective-
ness of the designed tasks and of the implementation, according to the teacher and
aims to (1) provide a new approach for evaluating effectiveness of developed chem-
istry assessments and (2) use this approach to illustrate the effectiveness of co-
developed assessments by five high school chemistry teachers. We utilized multiple
sources of data, including teacher-generated assessments, teachers’ comments on
developed assessments, and students’ responses. We designed a rubric to analyze
effectiveness and validated it with six expert reviewers. Results showed that the
assessments mostly aligned with research-informed principles for effective assessments
and helped teachers to achieve their intentions. Our study recommends that teachers
develop and utilize various types of classroom assessments that achieve their aims
through participation in a collaborative project.
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Introduction

There have been dramatic changes in science education within the last few decades in terms of
what it means to teach and learn science. These changes have inspired reforms and new
standards in the curriculum of most countries. However, changing standards, as underscored
by the National Research Council (NRC 2012), “...will not lead to improvements in K-12
science education unless the other components of the system—curriculum, instruction, profes-
sional development, and assessment—change” (NRC 2014, p. 17). In terms of assessment, a
reformed view of classroom assessment that draws on cognitive, constructivist, and sociocul-
tural views of learning highlights classroom assessment as a continuous process that provides
immediate feedback to both teachers and students to enhance and support learning and teaching,
rather than using it at the end of instruction measuring students’ aquisition of knowledge (Abell
and Siegel 2011; NRC 2014; Pellegrino 2013; Shepard 2000). Therefore, recent definitions and
criteria for effective classroom assessments prioritize the “ability to support learning” as an
essential criterion. As Elton and Johnston (2002) stated, “Newer notions of validity stress that a
‘valid’ procedure for assessment must have a positive impact on and consequences for the
teaching and learning.” (p. 39); thus, validity and effectiveness of an assessment should be
linked to highlight how an assessment supports learning. However, there is not an accepted list
of standards for classroom assessment to be effective. One of the reasons for this disagreement
stems from deliberation of classroom assessment as a task or as a process (Bennett 2011).
Researchers, who consider classroom assessment as a task, consider assessment products to
provide and illustrate procedures or frameworks for developing effective classroom assessments
in order to elicit and document student learning. Research in this line focuses on experts’ or
teachers’ judgment of developed assessments. According to those researchers, classroom assess-
ment is effective if it (a) addresses intended curriculum or instructional goals (Quellmalz et al.
2012; NRC 2007; Ruiz-Primo et al. 2012), (b) engages students in higher level thinking,
including complex scientific reasoning and critical and reflective thinking (Quellmalz et al.
2012; Songer and Gotwals 2012; Liu et al. 2008; Opfer et al. 2012), (c) provides a progressive
sequential model to make students’ progressively leverage their cognitive skills and differentiate
students’ level of understanding (Liu et al. 2008; NRC 2001; Ruiz-Primo et al. 2012), and (d) is
reliable and valid to yield useful inferences about students’ understanding (NRC 2001; Opfer
et al. 2012). Alternatively, researchers who mostly have understood and highlighted classroom
assessment as a process have provided different standards for effectiveness. In general, classroom
assessment should be understood as a process that aims to assess and support learning and
instruction (Abell and Siegel 2011; Bell 2007; Bennett 2011; Black and Wiliam 1998, 2009;
Coffey et al. 2011; Hattie and Timperley 2007; Shavelson et al. 2008). Researchers in this vein
often focus on formative assessment, or assessment for learning, in the literature. They also
consider other factors such as the context, teachers’ purposes and abilities for implementation,
and students’ familiarity with an assessment as influencing the quality of instruction (Abell and
Siegel 2011, 2013; Black and Wiliam 1998, 2009; Bell and Cowie 2001; Gottheiner and Siegel
2012; Izci 2013; Lyon 2013; NRC 2014). According to these researchers, an assessment is
effective if it supports learning and instruction (Bennett 2011; Black and Wiliam 1998, 2009; Bell
and Cowie 2001). Toward this aim, researchers have focused on analyzing and supporting
teachers’ understanding and practices of assessment, which has been alternatively described as
assessment understanding (Avargil et al. 2012; Dori and Avargil 2015), assessment literacy (Abell
and Siegel 2011; Gottheiner and Siegel 2012; Xu and Brown 2016), and more broadly assess-
ment expertise (Gearhart et al. 2006; Lyon 2013). Having sophisticated assessment literacy is
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critical for using assessment processes to support learning; however, research has found that
teachers’ assessment practice is the main factor that impacts student learning rather than
understanding of assessment (Furtak 2012; Herman et al. 2015). This is because sometimes what
teachers tell us they know is different than what they do in class (Ateh 2015; Herman et al. 2015;
Izci 2013). Therefore, we suggest that just focusing on the assessment itself, or teachers’
understanding and implementing of assessment, to investigate effectiveness of classroom assess-
ment will be incomplete. Reasons include that a quality assessment does not warrant improve-
ment in learning, unless it is effectively employed by a teacher to support learning, and
conversely, it is difficult for a teacher to elicit, monitor, and aid learning without having a quality
assessment (Abell and Siegel 2011; Bennett 2011; Kang and Anderson 2015).

In this study, therefore, we take an integrated perspective of classroom assessment as both a
task and process employed by teachers within a classroom to monitor and support learning.
Thus, we define classroom assessment as it is a way or a situation for teachers to collect data
about students at any moment of instruction for the purposes of assessing students’ learning
and supporting learning and instruction (Black and Wiliam 2009). However, while our
definition focuses on teachers, it also includes assessment tasks, peers, and the individual
students as they also form the parts of classroom assessment. Thus, it is important to have
quality assessment tasks, effective use of an assessment task by teachers to reveal student
learning and take action on the revealed assessment data to aid learning. While it is common to
focus on validity and reliability of assessment tasks, this study instead focuses on the
effectiveness of the designed tasks and of the implementation, according to the teacher. We
propose two simple reasons. One, the scope of the study must be limited. Two, we argue that
the areas we focus on are in need of study. We aim to provide an analytical model for
evaluating effectiveness of classroom assessments and to employ this model to illustrate
evaluation of assessment co-developed by five high school chemistry teachers.

Theoretical Framework

An analytical framework for effectiveness of a practical task (see Fig. 1) was developed by
Abrahams and Millar (2008) and then employed (Abrahams and Reiss 2012; Abrahams et al.
2013). Teachers’ aims and intentions of practical tasks are related with effectiveness of the

Fig. 1 Model of the process of design and evaluation of a practical task (Abrahams and Reiss, 2012)

@ Springer



1888 Research in Science Education (2020) 50:1885-1916

tasks within the model. According to the model, teacher’s intention to develop and use a task
(A) is the starting point. Then, based on the intention, teacher develops a task (B) that has the
potential to achieve intended objectives. The third point is related to what students do with the
developed task (C) during use, since the teacher’s intention might not be achieved. The last
point is related to what students actually did with and learned from the task (D). As seen in
Fig. 1, effectiveness takes two levels: the first is the alignment between what a teacher intends
students to do and what they do (B and C) and the second is the alignment between what the
students are intended to learn by the teacher and what the students actually learn (A and D).

Extending this notion of the analytical model of effectiveness of a practical task, we
developed a model (Fig. 2) for evaluating the effectiveness of classroom assessments and used
it to evaluate classroom assessments co-developed by five high school chemistry teachers. In
our model, the starting stage, A, focuses on the purposes for the developers of classroom
assessment to illustrate why they want to develop a specific assessment. The second stage, B,
centers upon the features of the assessment to see how developers (teachers) chose or developed
a task to achieve their aims. The third stage, C, includes how the features of the assessment align
with the principles stated in the literature for effective assessment. This shows the opportunities
the assessment makes available to students and teachers to monitor and support learning. The
final stage, D, is to focus on the real practices of the assessment to show whether the assessment
achieved its (teacher’s) aim in terms of assessing and supporting learning. As seen from Fig. 2,
we also consider effectiveness of an assessment at two levels. Level 1 centers on matching the
features of an assessment with fundamentals of effective assessment to assess and support
learning as highlighted in the literature and reform documents (B and C). Level 1 is an
important aspect of classroom assessment, because an effective assessment should provide rich
and formative data for teachers to understand and interpret students’ learning and use the results
to design instruction to support learning (Abell and Siegel 2011; Siegel and Wissehr 2011; NRC
2007, 2014; Kang and Anderson 2015; Talanquer et al. 2015). Knowledge of assessment tools
forms an important part of teacher assessment literacy (Abell and Siegel 2011; Siegel and
Wissehr 2011) and requires teachers to know about advantages and disadvantages of different
assessment tools and choose/develop appropriate assessments for their own classroom context
to assess and support learning. Richness of evidence for students’ understanding and achieve-
ment leads teachers to make important instructional decisions including judging students’

Fig. 2 Our developed model for evaluating the effectiveness of classroom assessments
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current situations to decide how to monitor learning, provide feedback, and design and adjust
instruction to aid learning (Abell and Siegel 2011; NRC 2007, 2014; Kang et al. 2014).
Furthermore, effective assessments motivate students to engage in learning and use their higher
level thinking skills, provide equal opportunities for all students to learn and show their
learning, and support learning and teaching (see details under the Principles of Effective
Classroom Assessment Task). The second level of effectiveness focuses on matching devel-
opers’ purposes for the assessment with actual practices of the assessment to show if the
intended purposes of developers are achieved (A and D). Level 2 is another crucial component
of effective assessment, because how teachers employ the assessment influences the degree the
assessment impacts learning and teaching (Abell and Siegel 2011; Furtak 2012; Herman et al.
2015; NRC 2007, 2014; Siegel 2012; Siegel and Wissehr 2011; Talanquer et al. 2015).
Teachers’ beliefs and understanding of assessment is a prerequisite for successful assessment
practices (Abell and Siegel 2011; Xu and Brown 2016), while not ensuring effective practice
because of other personal and contextual factors (Herman et al. 2015; Izci 2013). Studies have
shown that collaborative professional development, including faculty-teacher or teacher-teacher
collaborations, is a practical way to overcome challenges limiting teachers’ assessment prac-
tices and to engage them in effective assessment practices (Avargil et al. 2012; Sato et al. 2008).
In summary, to successfully evaluate the effectiveness of classroom assessment, we propose that
level 1 and level 2 should be considered together to show to what extent assessment meets its
ultimate purpose in supporting learning.

Principles for Effective Classroom Assessment

Next, we explain the research-based principles employed in the study (stage C of effectiveness
in our model). Different criteria and standards have been suggested by researchers for effective
use of assessment to aid learning. For instance, Stiggins (2001) offered five standards that an
assessment should satisfy to be effective. They are (1) having a clear purpose to develop and
use an assessment, (2) setting explicit learning targets to assess, (3) choosing a suitable
assessment to assess the learning target, (4) delivering assessment results to appropriate users
in a timely manner, and (5) involving students in the assessment process. Additional re-
searchers provided similar general principles for assessment to be effective (e.g., Siegel
2007; Black and Wiliam 2009; Crooks 1988; Edwards 2013; Gibbs and Simpson 2005; Nicol
and Macfarlane-Dick 2006; Ruiz-Primo and Furtak 2007; Stiggins and Chappuis 2005). Siegel
(2007) also provides five principles for effective assessment to assess and support diverse
students’ learning of science. The five principles are (1) matching with learning and instruc-
tional targets, (2) be accessible to diverse learners, (3) challenge students to think about big
ideas, (4) reveal students’ conceptual understanding, and (5) include scaffoldings to support
learning. However, with new research and new educational standards, priorities, methods,
contents, and function of assessment have evolved. Based on our US context, we emphasized
the latest science standards, Next Generation Science Standards (NGSS, NRC 2012). Thus, we
extensively reviewed current related assessment and science education literature, which led us
to 18 criteria that provide teachers prompts for evaluating their assessments (Table 1) to
support learning and teaching. We adopted the five principles of effective assessment
suggested by Siegel (2007) and supported each principle with a few teacher-friendly prompts
that we developed based on current literature and NGSS emphasize. Table 1 shows the five
principles with multiple prompts for each and references that we have benefitted from to
develop these prompts.
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Table 1 Five principles and related teacher-friendly prompts for effective assessment

Principles

Prompts

Representative references

Cognitively challenge
students’ thinking

Facilitating student
learning

Support teacher’s
instruction to aid
learning

Reduce potential bias to aid
learning

@ Springer
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W
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W
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10. The assessment can elicit higher level
thinking (conceptual learning, reasoning,
problem solving) to be used into instruction

The assessment challenges students to think
critically to cultivate their scientific habits of
mind, develop their capability to engage in

scientific inquiry, and lead them how to

reason in a STEM context.

. The assessment requires a range of thinking
and process skills to help students to

investigate, evaluate, and develop

explanations and solutions via arguing,

critiquing, and analyzing data.

. The assessment confronts students to
develop and use models and engage in
argument from evidence to explain their

ideas.
The assessment offers scaffolding

(e.g., graphics, scenarios, quotes, graphic
organizers, analogies) to mediate students’

understanding.

. The assessment is capable to elicit students’
prior knowledge, misconceptions, and
conceptual learning to provide formative

data for teachers.

. The assessment produces informative
feedback (descriptive and provocative
feedback that shows the quality of students’
performance toward learning goals and
explains how to boost it rather than just
providing declarative statement, correct
answers, and numerical grades or marks as
feedback) that moves learners further.

. The assessment encourages students to be

metacognitive (engage in planning,

monitoring, and evaluating their own
learning) and reflective to engage in
self-regulating learning through planning
and carrying out investigations and peer and

self-assessment strategies.

. The assessment requires collaborative/group
work (e.g., group project), peer review (e.g.,
peer rubric), and peer assessment to promote

peer learning.

. The assessment provides written/oral feed-
back in order to help teachers to modify

instruction to aid learning.

to design teaching activities.

(Abell and Siegel 2011; Belland
et al. (2016); NRC (2014);
Opfer et al. (2012); Siegel
2007; Siegel and Wissehr 2011

Cooper (2015); Coffey et al.
(2011); NRC (2014); Liu et al.
(2008); Kang et al. (2014);
Pellegrino (2013)

Namdar and Shen (2015); NRC
(2014); Kang et al. (2014);
Pellegrino (2013)

Abell and Siegel 2011); NRC
(2014); Kang et al. (2014);
Shepard (2000); Siegel (2007);
Siegel and Wissehr (2011)

Abell and Siegel (2011); Black
and Wiliam (1998); NRC
(2007, 2014); Siegel and
Wissehr (2011)

Black and Wiliam (1998); Hattie
and Timperley (2007); NRC
(2007); Kang et al. (2014);
Ruiz-Primo et al. (2012)

Abell and Siegel (2011); NRC
(2014); Siegel and Wissehr
(2011); Stiggins (2001)

Black and Wiliam (1998); Eaton
(2009); Gibbs and Simpson
(2005); Siegel et al. (2015)

Hattie and Timperley (2007); Xu
and Brown (2016)

Ateh (2015); Haug and @degaard
(2015); NRC (2014)

11. The assessment does not require teachers to Bell and Cowie (2001); Gibbs and

spend more time to grade and provide

immediate feedback.

Simpson (2005)

12. The assessment culturally and linguistically Abedi et al. (2004); Lyon (2013);

sensitive to provide equal opportunities for
all learners regardless to their race, learning

styles, language status, gender, and
disability.

Siegel (2007)
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Table 1 (continued)

Principles

Prompts

Representative references

13. The assessment considers students’
background (prior daily life experiences)
and differences.

14. The assessment uses simple and consistent
(scaffolded) language to avoid misconcep

Lyon (2013); Siegel, Markey
and Swann (2005)

Kang et al. (2014); Penfield and
Lee (2010); Siegel (2007)

tions and aid students to understand and
engage in assessment task.

15. The assessment provides appropriate
context (e.g., daily life examples) to engage
students in the scientific and engineering
practices to understand how scientific
knowledge and design principles develop.

16. The assessment provides a range of
opportunities (written, oral) for learners to
express their knowledge and skills.

17. The assessment provides opportunities for
learners to use drawings, diagrams, models,
and other formats to motivate learners to
involve in learning process and use their
creativities to express their ideas.

18. The assessment motivates students to take
responsibility of their own learming
(self-motivated).

Motivate students to learn
and engage in learning
process

Stiggins (2001); Ruiz-Primo et al.
(2012); NRC (2014)

Lyon (2013); Shepard (2000);
Siegel (2007)

Lyon (2013); NRC (2014);
Siegel (2007)

Nicol and Macfarlane-Dick
(2006); Stiggins (2001)

The first principle is that assessment should cognitively challenge students to think
critically (NRC 2014). Recent development in science education requires students to
engage in complex scientific reasoning because it is linked to conceptual understand-
ing rather than memorization of facts (Liu et al. 2008; NRC 2014; Pellegrino 2013).
As assessments involve evidentiary reasoning, an assessment should provide evidence
about what kinds of understanding and skills we desire students to gain. The NGSS
identifies the ambitious scientific practices for US students. In contrast to previous
standards, new standards highlight practice rather than just understanding of learning
targets (Pellegrino 2013). Thus, to be effective, an assessment should engage students in
scientific practices to conduct, analyze, and interpret data to develop scientific explanation
and use models to engage in arguments from evidence to explain their understanding
(Belland et al. 2016; Kang et al. 2014 Liu et al. 2008; NRC 2014).

The second principle requires assessments to support students’ learning rather than just
assess retention of knowledge to provide a grade (Pellegrino 2013). Assessments should
provide appropriate forms of material based scaffolding (e.g., graphs, scenarios, quotes,
graphic organizers) to mediate students’ learning (Abell and Siegel 2011; Shepard 2000;
Siegel 2007). Providing scaffolding helps students to organize their thinking and focus on
concepts. Mainly, there are two types of scaffolding, material-based and social support that can
be used through the entire assessment process to support students to access and engage in the
learning process (Puntambekar and Kolodner 2005). While material-based scaffolding is often
distributed in the learning environment, across the curriculum materials including assessments
and educational software, teachers, peers, and students themselves can act as social scaffolding
to facilitate engagement in learning. More open-ended items and fewer closed-ended tests will
support students’ reasoning, problem solving, and critical thinking ability (Kang et al. 2014;

@ Springer



1892 Research in Science Education (2020) 50:1885-1916

Liou and Bulut 2017). Various formal and informal assessment strategies should be employed
to produce qualitative and quantitative data, which is very important to ensure fairness
of measurement and support robust learning (Lyon 2013; Shepard 2000; Siegel 2007).
Furthermore, quality assessments should provide written and/or oral feedback in order
to enhance learning and instruction. To support students’ learning, feedback needs to
provide information specific to the task, the learning goals, and the student. Thus, it
can help fill the gap between students’ current understanding and the learning goal
(Hattie and Timperley 2007; Kang et al. 2014). Research has shown that feedback is a crucial
influential factor of learning while the types and the ways it is provided determine its real impact
on learning (Hattie and Timperley 2007). Another important factor of feedback is timing of
feedback. It has been shown that assessments have a large effect size on students’ learning when
assessment tasks provide immediate feedback (Black and Wiliam 1998; Hattie and Timperley
2007).

Third, assessments should support instruction to aid learning. Classroom assessment can
provide critical information for teachers and students in order to support learning and
instruction (e.g., Black and Wiliam 1998, 2009; Siegel 2012; Siegel and Wissher 2011). The
information can guide students to see what is expected from them to achieve and what they
need to do in order to improve their expertise (NRC 2014). Effective assessments elicit
students’ prior ideas and understanding, provide opportunities for learners to express their
thinking, and let teachers use assessment results to monitor and support learning and teaching
(Black and Wiliam 1998, 2009; NRC 2007, 2014; Siegel 2007). Eliciting, interpreting, and
acting on students’ understanding form a vital part of teachers’ assessment literacy and
expertise (Abell and Siegel 2011; Lyon 2013; Xu and Brown 2016); however, teachers face
more difficulties when interpreting and using assessment results to decide how to aid student
learning (Ateh 2015; Gottheiner and Siegel 2012; Kang and Anderson 2015). Moreover, using
diverse forms of classroom assessment provide a rich data source for teachers to observe,
record, and interpret evidence of student learning at multiple levels, which is critical for current
science teaching as it requires concurrently focusing on content knowledge, conceptual under-
standing, and science and engineering practices to prepare students for twenty-first century
(NRC 2012, 2014).

Fourth, assessments should reduce potential biases in order to equally and fairly serve all
students; assessments should provide equal opportunities for the learners by acknowledging
the cultural differences and language abilities (Abedi et al. 2004; Izci 2013). For instance, if an
assessment includes an example of rural life while the learners are living in a city, it would be
difficult for students to understand the context and answer the related question. It is important
to consider differences in students’ background and learning style to provide multiple ways for
students to express their thinking. Thus, assessment should “...include formats and presenta-
tion of tasks and scoring procedures that reflect multiple dimensions of diversity, including
culture, language, ethnicity, gender, and disability” (NRC 2014, p. 9). Research has shown that
when assessments are culturally and linguistically sensitive and avoid biases, low-level
language learner students’ learning has been influenced positively (Siegel 2007, 2014; Black
and Wiliam 1998; Atkin et al. 2001).

Fifth, assessments should motivate students to learn and engage in the learning process.
Assessments need to be provided within an authentic context (such as daily life) that is
interesting and enjoyable in order to motivate students to learn and engage in the learning
process (NRC 2014; Ruiz-Primo et al. 2012). Recent reform documents highlight the impor-
tance of engaging students in science and engineering practices (NRC 2012). Assessments also
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need to provide students different forms of written and oral ways to express their
thinking and understanding. Providing drawings, diagrams, and models also can
motivate students to learn and give the opportunities to express their science process
skills (Kang et al. 2014). When assessments put the responsibility of learning on
students by providing reflective and metacognitive probes, students are more likely to
be engaged in the learning process and become independent thinkers and problem solvers
(Atkin, et al. 2001).

Community-Centered Co-Development

To enhance teachers’ formative assessment practices, researchers employ various methods.
These methods include a focus on enhancing teachers’ understanding of assessment (Abell and
Siegel 2011; Haug and @degaard 2015; Lyon 2011) and other practice-oriented approaches
(Ateh 2015; Boud et al. 2018; Kang and Anderson 2015; Sato et al. 2008). Previous research
illustrates that while teachers’ understanding of assessment improves via professional devel-
opment (PD) programs, their practices tell a different story (e.g., Herman et al. 2015). In
practice, teachers often faced difficulty developing and integrating assessment tasks into their
instruction with the aim to assess and support learning (Ateh 2015; Avargil et al. 2012).
Therefore, we took a practice-oriented and community-centered approach to PD which
involves teachers learning new practices, reflecting on their current practices, collaborating
with colleagues and researchers, and changing their performance for instruction using a
process of co-development. Teachers can request help from academic collaborators during
the PD program regarding how to develop and use a specific assessment task (e.g., Avargil
et al. 2012). Thus, a community-centered PD that promotes collaborative work between
faculty and K-12 teachers is a productive way to transform teachers’ practices of assessment
(Furtak et al. 2012). This community-centered PD may encourage teachers and faculty to share
ideas, reflect on practices, engage in understanding of challenges faced by colleagues, and
transform practices (LePage et al. 2001; Voogt et al. 2015). Infusing this expertise and new
knowledge provided learning opportunities for involved partners (Bartholomew and
Sandholtz 2009), and the expertise was needed to transform a reform into classroom
practice regardless of teaching context (Voogt et al. 2015). Furthermore as Clark
(1988) points out, universities represent theoretical spaces and schools represent
practical realms of a proposed change. Thus, our collaboration aimed to mutually
benefit and facilitate our ability to reform and merge theoretical and practical assessment
practices. The study of Sato et al. (2008) also showed how the faculty-teacher collaboration
helped teachers to transform reformed assessment view, formative assessment, into classroom
practices. Specifically, Fig. 3 illustrates how teachers and researchers in this study engaged in
such a community-centered PD program.

Research Questions

In contrast to other studies that focus solely on features of assessment tasks including validity
and reliability, and the opportunities they provide to learners to illustrate quality of assessment,
this study sought to explore effectiveness of classroom assessment at two levels in order to
provide a more comprehensive and practical picture for analyzing effectiveness of classroom
assessment practices (see Fig. 2). Specifically, we focused on how classroom assessment was
developed and how it was used within classroom context to support learning and teaching. The

@ Springer



1894 Research in Science Education (2020) 50:1885-1916

Fig. 3 Teachers’ and researchers’ engagement in a community-centered PD program

overarching research question posed was: How do we characterize the effectiveness of
assessments based on an evaluative model (Fig. 2)? Based on the analytical model (Fig. 2),
the following two questions are addressed within the study:

1. To what extent do the developed chemistry assessment tasks meet the principles highlight-
ed in the related literature for effective assessments? (Level 1)

2. How well do the developed chemistry assessment tasks enable teachers to achieve what
they intended them to do? (Level 2)

Methodology

Fifty-seven high school chemistry classroom assessments, which go beyond the traditional
multiple-choice tests, were co-developed by teachers and researchers during our project.
Teachers brought ideas for assessments to meetings where teachers and researchers further
developed these assessments by sharing ideas and experiences to improve upon the assessment
and meet the state and national science education standards. These assessments represented a
variety of assessment practices rather than traditional multiple-choice assessments and align
new, innovative forms of instruction with the current understanding of learning. This study is a
qualitative study in nature as it uses an analytical model that requires use of multiple data
sources to alternatively evaluate effectiveness of assessment tasks. The collaborative assess-
ment development process that teachers and researchers engaged in lets us characterize the
effectiveness of assessments based on an evaluative model as other studies employ such
alternative approaches to evaluate effectiveness (Abrahams and Reiss 2012; Koh et al. 2018;
Ruiz-Primo et al. 2012). The study contains multiple data sources, including developed
assessment tasks, teachers’ interviews, and reflections and students’ responses, which re-
searchers have identified as useful for research design (Yin 2009).
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Context

Participants This study included five chemistry teachers co-developing with six researcher
classroom assessments. The five teachers were selected from a pool of voluntary applicants
who wanted to have more experience with designing and using reform-based assessment to aid
their student learning. The selection of participants was based on school types, teaching
experiences, and student populations (e.g., urban/rural) to represent a variety of contexts
(see Table 2). Thus, we chose to work with two less-experienced teachers (Sophia and
Margaret) even if they had less experience in developing and using classroom assessment.
However, this representation of teachers from different background and contexts was intended
to enrich the findings to a broader context. All of the participants taught chemistry at different
high schools located in the Midwestern USA. Participants taught various chemistry courses,
including general chemistry, AP chemistry, Honors chemistry, Chemical biology, Medical
chemistry, and Physical science courses at the high school level.

Study Context Participants met more than ten times for 3 h during the 2 years of the project.
Collaborators, teachers, and researchers met for 3 h three times in the summers and once every
2 months during the fall and spring semesters. During the meetings, (1) researchers presented
successful examples of developing and using assessments to improve students’ learning, (2)
teachers worked together to develop innovative classroom assessments, (3) researchers and
peer teachers provided their comments on assessments to improve their quality, and (4)
teachers brought students’ work on the assessments to discuss results and talk about the
challenges they faced during implementation of these assessments. Teachers used the assess-
ments that overlapped with the topics they were teaching rather than using all the developed
assessments. In addition to meetings, teachers and researchers used Blackboard to comment on
each other’s assessments to improve the quality.

Assessment Design Approach Co-developers (teachers and researchers) in this study en-
gaged in an iterative assessment development process. During the assessment development
process, one teacher led the development of each assessment, with the cooperative assistance
of other teachers and researchers. This co-development process followed a “walking through”
approach as described by Horn and Little (2010, p. 207). During the collaboration process,
participants’ discussions mostly focused on features of effective assessment, chemistry con-
tent, students, and instruction. In our case, the iterative process included a nine-step cycle (see
Fig. 3) to develop the classroom assessments: (1) teachers were informed about various types
of classroom assessments and their advantages and disadvantages, (2) national (NSES and
NGSS) and state standards were used to identify core concepts and skills to be assessed, (3)
appropriate chemistry units and core ideas were identified by teachers to develop assessments,

Table 2 Participants’ personal data

Pseudonym Level of education Teaching experience Gender School type Enrolment
John M.Ed. 11 Male Urban 1957
Margaret B.S. 1 Female Rural 132

Julie M.Ed. 9 Female Urban 1790
Sophia M. Sc. 2 Female Military 675

Steve B.S. 7 Male Rural 632
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(4) teachers and researchers engaged in discussion to decide how to assess identified core
concepts, (5) teachers developed assessments, completed a “Design” template for each
developed assessment, and published them on Blackboard, (6) researchers and peer teachers
provided their feedback on Blackboard, (7) assessments were revised by teachers based on
received feedback, (8) teachers used assessments in the classrooms and completed a “Use”
template for each assessment and posted them on Blackboard, and (9) the difficulties faced by
teachers during implementation of these assessments were discussed to improve the successful
implementation of developed assessments.

Data Sources We collected a range of data sources during the 2 years of the project. The data
sources included the teachers’ pre/post-interviews, their online discussions, their reflection on
designing and using developed assessments, co-developed assessments, and students’ re-
sponses to these assessments. In order to illustrate the effectiveness of developed assessments,
co-developed classroom assessments, teachers’ comments on developed assessments (via two
templates, described below), discussions that occurred on discussion boards in the Learning
Management System Blackboard, and students’ responses to these assessments were used. The
qualitative data including teachers’ interviews, reflections and comments on developed as-
sessments, online discussions, and students’ responses to assessments were employed to
illustrate the alignment between teachers’ intentions to develop and use an assessment and
their real classroom practices (level 2). Classroom assessments were co-developed with
teachers and researchers during the iterative process described in Fig. 3. Teachers worked on
assessments before, after, and during Face-to-Face meetings. After teachers developed each of
the assessments, they were required to fill in the “assessment design template” (ADT) intended
to provide opportunities for teachers to reflect on the assessments. The ADT includes
metacognitive questions such as, “What was your intended purpose for this assessment? What
was the most challenging aspect in creating this assessment?”” Furthermore, right after teachers
employ the assessments, they completed the “assessment use template” (AUT), which aims to
help teachers share their experiences and struggles regarding the enactment of the assessments.
The AUT includes questions such as, “How well did the assessment work for your specific
population of learners? Did you notice any inhibiting factors for students’ learning through the
use of this assessment? Do you think the assessment achieved the goal/s you set for? How?”
However, some of the developed assessments could not be implemented by these teachers due
to the incompatibility of these assessments with the topics they were teaching at the time.
Teachers’ responses to ADT for all assessments and AUT templates for implemented assess-
ments were also used for effectiveness at level 2.

Teachers continued to improve their assessments by incorporating the advice from other
project participants after they filled the ADT for each assessment. Advice was sought as well
as provided through discussions in Face-to-Face meetings and through discussions on Black-
board. These comments added to the depth of data for this research study. In addition, data
sources included student responses to developed and used assessments to see if the assess-
ments achieved teachers’ intentions for their students (level 2).

Rubric of Assessment for Learning One of the purposes of the study was to evaluate to what
extent the developed assessment tasks met the principles highlighted in the related literature
(level 1). Therefore, we needed to find a way to analyze and compare the assessments with the
principles. To achieve this, we became interested in developing a rubric that can provide
criteria for us to evaluate the alignment. This rubric is developed to meet the needs of teachers
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to scaffold their efforts in the development of assessments that align with recent reform
documents (e.g., NRC 2012) and as a tool to evaluate assessments. The need also was
identified by others and ultimately National Science Teachers Association (NSTA in
the USA) and Achieve (NRC 2014) jointly developed a rubric called “The Educators
Evaluating the Quality of Instructional Products (EQuIP)” to support teachers and
curriculum developers evaluate instructional materials for alignment with NGSS stan-
dards. The EQuIP rubric was designed to evaluate the quality of a lesson or unit with
NGSS standards in terms of blending practices, disciplinary core ideas, and crosscut-
ting concepts. It focuses on evaluating a whole lesson and provides evidence for its
alignment with NGSS standards, yet the part on “monitoring” for assessment is not
very detailed. Therefore, there is a need to have a more detailed rubric that particu-
larly focuses on assessments to guide teachers in developing/choosing effective as-
sessments to achieve their aims. In order to develop such a rubric for assessments, we
generated criteria from the assessment literature. We developed 24 different criteria
within five sub-dimensions. Each dimension contained detailed items that described
how an assessment could meet that dimension. These dimensions are also discussed in the
Theoretical Framework section as research-informed principles for effective assessments
(Table 1).

After constructing a draft of the rubric that included five dimensions and 24 criteria, we
constructed a survey and sent the draft to six different assessment experts whose research
interests and studies focused on assessment. These experts work in science education, math-
ematics education, and educational measurement departments at four different institutions
across the USA. In the survey, we provided the draft and asked the expert to provide their
reflections for each dimension and for the whole rubric. The experts sent constructive
feedback. Based on this feedback, we revised the rubric by adding, excluding, and combining
some criteria and developed the final version of the rubric (Table 1) that includes 18 different
criteria within five dimensions.

Based on the rubric, an assessment can earn a score of 1, 2, or 3 for each criterion within
five dimensions. Score 1 means the assessment is not capable of satisfying the criteria, Score 2
means the assessment partially satisfies the criteria, and Score 3 means the assessment fully
satisfies the expectations of a criterion set for effective assessment. This rubric provides many
detailed prompts for teachers to consider during development or selection of an assessment and
lets teachers score each dimension resulting in a final score. The dimensions are not meant to
be obligatory. In other words, an assessment might be strong in one area and not in another and
that does not mean the assessment is ineffective overall.

Data Analysis In order to engage in data analysis, first all developed assessments, ADT and
AUT, Blackboard discussions, and students’ responses to assessments were combined within
files. Then, in order to show to what extent each of the developed assessments met the criteria
highlighted in the literature for effective assessment, three researchers individually evaluated
the assessments using our rubric. A consensus was reached for each sub-dimension for every
dimension in the rubric for all assessments between researchers that coded the same assess-
ments. All three researchers coded each assessment and 100% consensus was reached between
researchers. This involved a discussion where a consensus was reached so researchers agreed
on rubric scores (Creswell 2012). Furthermore, some assessments were independently selected
and scored by one outside member who was informed about how to use the rubric to confirm
the given scores by the three researchers. Each assessment was scored using the rubric and

@ Springer



1898 Research in Science Education (2020) 50:1885-1916

assigned a score of 1, 2, or 3. Total scores for each dimension were tallied and used during data
analysis and employed to develop figures to present results. In order to present the scores in a
more descriptive way, each dimension was sorted into low, medium, and high
categories. For each dimension, the low category included assessments that earned a
score of 50% and below of the maximum scores of that dimension; the medium
category consisted of assessments that received a score between 50 and 75% of the
maximum scores; and high category contained assessments that achieved a score more
than 75% of the maximum scores. When the related percentage scores calculated for
the categories were found decimally (e.g., 4.5), they were completed to the near above
integer score if the decimal is .5 and more, and they were completed to the near
below integer score if the decimal is below .5.

All the collected qualitative data for this study was deductively analyzed based on the
aspects of quality classroom assessment for student learning that was briefly explained in the
theoretical framework section. We employed content analysis to see alignment between
teachers’ goals and practices for implemented assessment. Specifically, teachers’ responses
to ADT, AUT, discussions on Blackboard, and students’ responses to assessments were
analyzed in order to see to what extent the assessments in practice accomplished the aims of
teachers that they indicated via ADT and AUT. Analysis at this stage was used to show
effectiveness of assessments for level 2 while our coding based on the developed rubric was
used for level 1. During the analysis of the qualitative data, special attention was given to the
goals teachers set to develop an assessment for their classrooms, their self-reported statements
about the success of their assessment practices for achieving stated goals for themselves, and
our analyzing of students’ responses to assessment tasks to see if the stated goals were
achieved. Furthermore, teachers’ reflection on their implementation revealed difficulties
(e.g., providing written feedback, deciding when to move on teaching next concept, asking
eliciting questions to students who do not know anything about a concept, reliability of peer
feedback) they faced during their implementation of assessments. An example of qualitative
coding for level 2 is given in Table 3. The example includes an assessment (see Appendix 1)
that Julie, 9-year experienced female teacher, developed for stoichiometry topic to see how her
students connect mass and mole concepts to identify elements.

Table 3 Example of coding for level 2

The teacher’s goal/s for the Self-reported achievement of the ~ Our analysis of the students’ work to
assessment goal/s by the teacher see if the stated goal/s was achieved

This (the assessment) is designed to Many (students) were confused at  In order to complete the assessment,

have students make the first because they thought they students used some steps (e.g.,
connection between mass and would need more materials. I measuring, recording, calculating,
moles and to help them with was fine with this, however, and interpreting) of experimental
their experimental design. because of how I was using this design; thus, the assessment

(the assessment) to stretch their achieved Julie’s aim of

thinking. Most students were experimental design.

able to be quite successful so I~ The assessment required students to

feel that it (the assessment) was connect mass and moles to

appropriate. calculate molar mass to find the

given element, iron. So, the
assessment also satisfied Julie’s
goal for making students to
connect mass and mole concepts.
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Trustworthiness Data sources and methods were triangulated as teacher developed assess-
ments, teachers’ reflections on the assessment development processes, teachers’ assessment
implementations, and students’ responses to assessments provided multiple ways to test the
alignment of the developed assessments with the two levels we explained earlier. We also
utilized peer debriefing and checks by participating researchers who are not the authors of the
study but were members of the larger project (Lincoln and Guba 1985). Finally, this study used
theory, logical inferences, and clear reasoning (Brantlinger et al. 2005) during data analysis
process to identify the categories we present.

Findings

The aim of this study was to characterize the effectiveness of the assessments, developed in
collaborative enquiry between chemistry teachers and assessment researchers, based on a model
of effective assessment. The collaborators in this project co-developed 57 different classroom
assessments, which are available on our project website (www.dreyfusmu.weebly.com). These
assessments focus on 12 different units (e.g., chemical reaction) of high school chemistry.
Teachers had summative purposes (e.g., grading), formative purposes (e.g., eliciting students’
ideas), or both, to develop and use these assessments. The developed assessments were intended
to focus on individual students or groups of students. Various contexts such as laboratory,
pre/post-instruction, and embedded within classroom instruction were used to develop these
assessments. Beyond content goals, teachers also aimed to assess and enhance laboratory,
metacognitive, critical thinking, science process, scientific inquiry, and argumentation skills
within their assessments.

By using a model for evaluating effectiveness of assessment and multiple data sources, we
next describe to what extent the model can be effective measures of the developed assess-
ments. As a reminder, effectiveness at level 1 focused on the developed assessment itself, and
effectiveness at level 2 concentrated on the practice of an assessment.

Effectiveness at Level 1: Alignment Between the Developed Assessments
and Principles for Effective Assessments

Dimension 1: Cognitively Challenging Students’ Thinking One of the important dimensions
of effectiveness for an assessment is to cognitively challenge students’ thinking to cultivate
their scientific habits of mind. As seen within our rubric (see Table 1), we employed three
different prompts to evaluate the effectiveness of an assessment for challenging students’
thinking. Therefore, the minimum score an assessment can get on this rubric for the first
dimension is 3 and the maximum score is 9. For each dimension of effectiveness, we grouped
the assessments as low (50% and below), medium (between 50 and 75%), and high (above
75%) based on the scores received. Thus, the low group for this dimension included assess-
ments that received a score of 5 and below; the medium group consisted of assessments that
achieved scores of 6 and 7; and the high group contained assessments that earned a score of 8
and above.

For dimension 1, shown in Fig. 4, within 57 developed assessments, there are only five
assessments (two of them had 4 points and three of them 5 points) that were placed within the
low group. Twenty-one of the 57 assessments (eight of them received 6 points and 13 of them
7 points) constituted the medium group, while 31 of the 57 assessments formed the high group.
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Fig. 4 Dimension |

Therefore, we found that most of the developed assessments within our project were effective
for cognitively challenging students’ thinking, as more than 50% of the assessments received
the highest score and more than 90% of them got a medium or higher score from our rubric.

Dimension 2: Facilitating Student Learning Facilitating student learning is an important
dimension of effective assessments as it provides a context for teachers and students
to aid learning. There are five prompts that form this dimension (see Table 1); thus,
an assessment can get 5 points at minimum and 15 points at maximum from our
rubric. As seen in Fig. 5, for this dimension, low group included scores of 5, 6, and
7; medium group consisted of scores of 8, 9, 10, and 11; and high group contained
12, 13, and 14.

Depending on our scoring rubric, nine assessments (one got 5, one got 6, and seven got 7
points) received a score in the low category for this dimension. Twenty-eight of the 57
assessments were placed into the medium category, as well as 15 of the 57 assessments
received a score to rank among the high category. Thus, some of the developed assessments
were effective for facilitating student learning, as more than 25% of them received a high
score, and most of them were reasonably effective with 60% receiving a medium score.

Dimension 3: Supporting Instruction to Aid Learning Assessment is seen as an important
tool for teachers to evaluate effectiveness of their own instruction to aid student learning.
Therefore, it is crucial for an effective assessment task to enable teachers to evaluate and
modify their instruction to improve learning and teaching. Our rubric has three specific
prompts for supporting instruction to aid learning dimension (see Table 1). Hence, an
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Fig. 5 Dimension 2

assessment can get a minimum of 3 and a maximum of 9 points from the scoring rubric. The
low category included 3-, 4-, and 5-point scale, the medium category contained 6- and 7-point
scale, while the high category consisted of 8- and 9-point scale.

As it is seen in Fig. 6, only five of the 57 assessments received a low score from our rubric
while 23 of them got a medium score and 29 of them received a high score. As a result,
most of the assessments were effective for supporting this dimension since more than
50% of the assessments were in the high category and more than 40% of them were
practically effective.

Fig. 6 Dimension 3

@ Springer



1902 Research in Science Education (2020) 50:1885-1916

Dimension 4: Reducing Potential Biases to Aid Learning One of the crucial dimensions of
effective assessment is reducing potential biases in order to fairly and equally assess and
support all students’ learning. There are three prompts in our rubric that address this dimension
(see Table 1); thus, this dimension includes 3 points at minimum and 9 points at maximum
from this scoring rubric. The low category included 3-, 4-, and 5-point scale, the medium
category contained 6- and 7-point scale, while the high category consisted of 8- and 9-point
scale.

As seen from Fig. 7, only one of the assessments received a low score on the scoring rubric,
while 13 of them obtained a medium score and 43 a high score. Consequently, most of the
assessments were effective for reducing potential biases, as more than 75% of the assessments
got a high score while just 1.8% of the assessments got a low score.

Dimension 5: Motivating Students to Learn and Engage in Learning Process Effective
assessment should provide motivating probes and context to let students illustrate their
knowledge and skills. There are four prompts in our scoring rubric to address this dimension
(see Table 1), and therefore, an assessment can receive 4 points at minimum and 12 points at
maximum on the rubric. For the dimension, the low category included 3-, 4-, 5-, and 6-point
scale, the medium category contained 7-, 8-, and 9-point scales, while the high category
consisted of 10-, 11-, and 12-point scale.

As seen in Fig. 8, based on the scoring rubric, only five of the assessments received a low
score, 30 of the assessments received a score in medium category, and 22 of the assessments
received a score in high category. Therefore, we claim that most of the assessments were
effective in the category of motivation of students to engage in learning (38% of the
assessments received a high score and 52% a medium score).

In summary, as we quantitatively illustrated, the developed assessments mostly satisfied the
principles for effective assessments. The scores each assessment achieved from each of the
dimensions of our rubric and the average scores of each dimensions based on all assessments

Fig. 7 Dimension 4
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Fig. 8 Dimension 5

are shown in Table 4. When we compare the level of satisfaction, it may be more difficult for
the developed assessments to (a) motivate students to engage in learning (73, 6%) and (b)
support student learning (66, 5%). However, the developed assessments mostly satisfied the
prompts related to the other three dimensions including (a) challenging students’ thinking (82,
2%), (b) supporting instruction (81, 7%), and (c¢) reducing potential biases (89, 9%) to aid
learning and instruction. Furthermore, some assessments met the criteria of all dimensions at a
high level (assessment 1, 37, 50), while some assessments addressed the criteria well for some
dimensions and less well for other dimensions (assessments 5, 27, 40). An assessment is not
obliged to be effective at each dimension to be used since teachers may want to focus on a
specific aspect, or they may wish to employ multiple assessments to address each dimension
during their assessment practices. One of the difficulties in chemistry assessment is to motivate
students to engage in assessment and learning process because of the abstract nature of
chemistry topics. This also was the case for the teachers in this study, as the assessments that
they developed were less successful in motivating and supporting students’ learning dimen-
sions. To eliminate the difficulty for developing motivating assessments, we need to think out
of our traditional assessment understanding and search for ways that engage today’s students.
One such assessment (assessment 1) that achieved a higher score based on our rubric for
dimension two and five was developed by Sophia in our case. As seen in Appendix 2, Sophia
developed the assessment, Make a Movie, to let her students show their understanding of gas
concepts by using a list of required vocabulary to make a movie related to a topic of their
choices. Sophia developed this because “I (she) would like to see my students be more
motivated to successfully complete one of my assessments. So often I will hear my students
say things like, ‘This is boring/stupid’ or ‘What is the point of this anyway?” What Sophia’s
students said is common for most students in terms of classroom assessment. In addition,
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Table 4 Scores of each assessments rewarded based on each dimensions of the rubric

Dimension D-1 (3*-9%%) D-2 (5-15) D-3 (3-9) D-4 (3-9) D-5 (4-12)
Assessments

1 9 14 7 9 11
2 8 13 9 9 9
3 7 12 9 8 9
4 8 10 8 9 8
5 6 10 8 8 10
6 7 9 9 8 11
7 5 6 6 6 6
8 9 10 9 8 11
9 6 8 5 8 9
10 9 11 8 7 10
11 9 10 8 8 11
12 4 8 5 6 7
13 6 10 7 8 8
14 8 11 8 9 9
15 8 10 8 7 8
16 8 9 7 7 8
17 7 13 7 9 11
18 6 7 5 6 8
19 5 7 5 7 7
20 8 8 6 8 7
21 8 11 7 7 8
22 8 9 7 7 7
23 8 7 7 7 6
24 6 9 6 8 7
25 4 5 6 8 7
26 7 10 6 7 8
27 8 12 8 8 6
28 7 11 9 9 11
29 7 10 7 8 9
30 7 7 8 8 9
31 9 12 8 8 11
32 6 9 7 8 8
33 7 10 6 9 9
34 7 7 7 9 10
35 8 10 7 9 7
36 7 8 8 9 6
37 7 7 7 9 7
38 8 13 7 9 11
39 8 9 8 8 8
40 8 11 8 8 7
41 7 13 8 9 8
42 8 11 8 9 12
43 9 13 9 9 11
44 7 13 7 5 10
45 6 9 7 9 8
46 7 9 6 7 8
47 8 12 8 9 11
48 9 11 8 8 11
49 9 11 9 9 10
50 9 8 8 8 9
51 9 13 8 9 10
52 5 7 5 7 5
53 8 10 8 9 9
54 9 12 8 9 10
55 9 13 9 9 11
56 6 9 7 9 9
57 9 12 8 9 11
Average scores/% 7.40 (82.2) 9.98 (66.5) 7.35 (81.7) 8.09 (89.9) 8.83 (73.6)

*The lowest point an assessment eamn from related dimension
**The highest point an assessment can earn from related dimension

The bold entries in Column 1 represents the number of assessments that developed within the study
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students’ unwillingness to engage in assessment processes limits the influence of assessment
on their learning since they do not concentrate and stay on assessment tasks longer. Thus,
Sophia aimed to “... make an assessment that will show me (her) what they (students) really
know about the topic (gases), as well as motivate them (students) to complete a high
quality piece of work.” Sophia benefitted from technology to develop the assessment
because “I (she) feel that by bringing in some technology that they (students) might
find entertaining will allow them (students) to stay on task longer and demonstrate
their knowledge more effectively than a traditional quiz or book-work assignments.”
In practice, Sophia used the assessment as an end of unit project and students, in
groups of two, prepared and presented their movie to their peers. After students’
presentations of their movies, their peers and Sophia asked questions to group
members related to their movies. The prepared movies acted as scaffolding for
students to apply and illustrate their levels of understanding for selected gas concepts.
Plus, as Sophia indicated, “This movie presentation assessment helped reduce some of
the anxiety associated with public speaking, particularly for my ELL students.” In
addition, students’ movies and answers of their peers’ and Sophia’s questions related
to the movies produced informative feedback for Sophia to decide how to enhance her
students’ learning of related concepts. Besides, the peer review process, group work,
and preparation of movies helped students to engage in peer learning and self-
regulation of their own learning. As Sophia stated, “Students seemed to enjoy.”
However, Sophia faced with difficulty in “...creating an appropriate scoring guide.”
She thought that “It is very tough to make something fair and useable at the same
time” and had questions in mind such as “How do I put a point value on creativity?
What makes a project truly creative? Do you grade for correct grammar?”

In addition, assessments that were categorized in the low category for each
dimension (assessments 7, 25, 52) can be easily seen. Because these assessments
received low scores for each dimension, this indicated they did not have at least one
dimension critical to support learning and teaching, and thus, we do not suggest them
for teachers to use. One assessment example from low category, assessment 25, is
given as Appendix 5. Furthermore, our special attention to these three assessments
showed that (a) their lack of focus on explicit learning objectives (assessments 7 and
52), (b) their low cognitive requirement from students, as students follow a set of
steps to make calculation or provide their answers to low-level multiple-choice
questions, rather than engaging students using their reasoning to link ideas to show
their learning (assessment 25), and (c) their limited use of scaffolding to motivate
students to show their learning (assessments 7, 25, 52), as all of them were con-
structed as plain verbal tasks and require students to provide their responses verbally.
However, the teachers developed the low-level assessments did not want to change the
assessments because they believed the assessments achieved their aims. For instance,
Sophia explained her aim for using assessment 25 (see Appendix 5) as, “I wanted to
show students how the calories in their food is related to the calories and joules we have
discussed in class and used in calorimetry equations.” She believed that the assessment helped
her to see how her students connect the calories in food with calories and joules they discussed
in class; thus, she did not want to revisze the assessment because it met her goals for using it.
The discrepancy in some of the assessment tasks between the teacher’s goals and the re-
searcher’s critique is explored further in the next section on alignment by focusing on what
students achieved on the assessment.
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Effectiveness at Level 2: the Alignment Between What Developers Intend Students
to Achieve, Through the Use of a Specific Assessment, and What They Actually
Achieved

As explained earlier, effectiveness at level 2 compared what teachers intended to what students
did on the assessment. In order to represent this effectiveness within the space
limitations, we chose three examples of the developed assessments to discuss in detail.
However, an example assessment from each of the five teachers was provided in the Appendix
(see Appendixes 1, 2, 3, 4, and 6 and see Table 4 for no. 13, no. 1, no. 16, no. 49, and no. 51).

Example 1: Diesel Engine Assessment for Combustion Reactions One of the participating
teachers, John, developed and used the assessment in Appendix 3. John, with the feedback of
researchers and his colleagues, developed the assessment to assess his students’ learning of
combustion reactions, which he taught during a chemical reactions unit. He explained his
intention to use the assessment in the ADT, “...to evaluate how well the students understand
the concept of incomplete combustion reactions. The goal is also to evaluate how well the
students can apply the knowledge gained during this unit [chemical reactions] to a context
outside of the classroom.” By providing a real-life situation, written feedback, and a three-step
procedure as seen in Appendix 3, he believed this assessment can challenge students to think
critically to evaluate and choose one reasonable cause and predict alternative causes for this
phenomenon to show their conceptual understanding of the content and motivate students to
apply their knowledge of combustion to outside of the classroom context. Furthermore, while
developing the assessment, John predicted that his students would face some difficulty to
comprehend the assessment because of their unfamiliarity with diesel engines. He explained
this difficulty in the ADT as, “The most challenging aspect of this assessment keeping it simple
enough so that students who have no experience with internal combustion engines understand
what is being asked.”

After using the assessment, John, in AUT, explained that “This assessment was used as a
group test question at the end of unit 6 (chemical reactions) in my instructional sequence.” In
addition, John stated, “The students who had a difficult time with this assessment were not
very familiar with how internal combustion engines work.” Therefore, his intention of letting
students work in groups in order to reduce potential biases such as unfamiliarity of provided
context was meaningful but limited since other supporters such as visual representation of
working process of the diesel engine in order to reduce biases was lacking (see Appendix 3).
Also, during the Blackboard discussion he stated, “Once I informed them [students] that they
did not need to know how an engine worked to answer the question, any anxiety they had over
the question was removed.” Thus, John’s explanation showed that the assessment held some
bias because a few students thought they need to know how an engine works, and John needed
to inform students this was not the case to remove such biases.

Furthermore, one of the intentions of John was to motivate students to engage in learning.
John in AUT explained, I felt that this assessment was very appropriate and motivating for my
student population. The scenario provided in the question is one that all of my students have
experienced.” John also answered the question asking for his students’ engagement of the
assessment during the Blackboard discussion as, “Judging from the discussions the students
seemed engaged in this assessment. I did not notice any inhibiting factors through the use of
this assessment.” We found that the aim of engaging students in learning was accomplished.
The assessment also challenged students to think critically in order to choose and provide a
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reasonable explanation for the black smoke released from the engine (see Appendix 3, a). For
example, some students had difficulties providing a reasonable cause for the black smoke and
as John stated, “Some students believed that the smoke formed during the reaction was simply
the un-burnt diesel fuel in solid form. I’'m not sure where they came up with this idea.” When
students’ responses were reviewed, it was seen that most of his students had failed to recognize
formation of CO at the end of the reaction. Therefore, the assessment achieved its aim for
showing students’ difficulties and conceptual understandings (see Appendix 3, b). John also
aimed to see students’ understanding and application of combustion reaction. After his use of
the assessment, in the AUT, he stated that, “From the assessment I was able to establish that the
majority of my students understand that incomplete combustion reactions occur when there is
not enough oxygen present.”

Overall, the assessment satisfied most of the teacher’s intention for using it. Except for
reducing potential biases which was handled verbally, the teacher’s reports of use showed
effective implementation. This shows that even if an assessment provides some limitations, a
teacher’s use of the assessment can overcome or reduce its negative influence on students. In
summary, the effectiveness was also demonstrated when John responded to a question
regarding any changes he would make. His response illustrated the assessment accomplished
his aims, “I would not make any changes to this assessment. I felt that the assessment served its
purpose and helped me evaluate how well the students understood the concept of combustion
reactions.” Furthermore, the scores (see no. 16 at Table 4) awarded based on our rubric for
effective assessments matched with the successful enactment of the engine assessment.

Example 2: Stoichiometry Recycling Challenge to Make Some Money One of the other
assessments seen from Appendix 4 was developed and used by another teacher, Steve, in order
to motivate students “...to adapt stoichiometry practices to something a little more real-life”
(ADT). Steve chose a real-life context and developed an assessment to scaffold and engage
students in applying their knowledge of stoichiometry and scientific practices. Furthermore, as
seen from the assessment, Steve also wanted students to engage in “engineering practices by
requiring them to make financial decisions based on their calculations” (ADT). Steve stated
during his Blackboard discussion, “It (the assessment) requires students to use their mathe-
matics ability to accurately calculate the mathematical processes in order to justify their
claims.” Therefore, the assessment has potential for supporting students to engage in Science,
Technology, Engineering, and Mathematics (STEM) practices. Overall, evidence suggested
that Steve had three main aims: (1) make students’ use stoichiometry with a real-life example,
(2) let students engage in engineering practices, and (3) employ mathematical processes to
support their claims.

In practice, Steve used the assessment as a two-person group assignment after they had
progressed through mass-mass stoichiometry. As Steve mentioned, most of his students were
comfortable and excited during the application of the assessment while “...some students were
a little unsure of how to proceed, since the types of questions were unusual to them” (AUT).
Steve also explained on Blackboard that “peer learning since they were in groups” helped his
students to understand and engage in providing their claims and justifications for the questions
within the assessment task. We found the assessment task achieved Steve’s aim for making
students practice stoichiometry within a real-life context. On the other hand, Steve claimed that
some of his students did not fully engage in the assessment process since “some students relied
on their partner too much” (AUT). Thus, the context in which the assessment used limited
Steve’s aim for engaging all his students into practice as some of them did not get
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responsibility to answer the task. For Steve’s engineering practices aim, as seen from Appen-
dix 4, questions within task (c) asked students to make financial sense by justifying and
providing evidence showed the task achieved Steve’s second aim, engaging students in the
engineering practice of making financial sense of a project. Furthermore, when looking at the
Appendix 4, students’ responses (a, b) also showed that they used calculations to justify their
claims about converting rust into iron. Therefore, the assessment task succeeded in Steve’s aim
for students using mathematical processes to support their claims.

In summary, the assessment Steve developed and used in his class for stoichiometry concepts
mostly achieved the three aims he set for the task. One weakness of the task identified by Steve
included using the task as group assessment because this may lead some students to not engage
in using their knowledge of stoichiometry concepts but instead relied too much on their partners.
The scores of Steve’s assessment received from the rubric can be seen at Table 4 (no. 49).

Example 3: What Is This Pile of Stuff? Another assessment developed within our project by
Julie was “What is this pile of stuff?” related to mole concepts in high school chemistry.
According to Julie, she developed this assessment task “... to have students make the
connection between mass and moles and to help them with their experimental design”
(ADT). As seen from Appendix 2, in order to accomplish her aim, Julie provided a scenario
within the task to have students engage in using experimental procedures. In addition, she
stated she aimed “...to see if the students could apply the concept of molar mass” (ADT).
Therefore, she used an experimental design scenario and related molar mass within the task;
she planned to see how her students understand the concept of molar mass.

In practice, Julie used the task as a quiz after they had discussed moles and molar mass to see
if her students could apply the concept, molar mass, to demonstrate their understanding. During
the implementation of the assessment task, Julie also required her students to answer the two
questions not written in the task as “Why did we do this activity? Explain how this activity
relates to what we have done in class?” As seen in Appendix 1, students used the bags to
employ experimental design steps to (a) make calculations to find moles, (b) convert moles into
molar mass, (c) and to find the name of their elements placed in their bags. Therefore, the task
required students to use experimental design steps and achieved Julie’s aim for making students
utilize experimental design to determine their elements. Furthermore, the assessment task also
led students to use data and calculations to support their claims about their elements, which
required students to use and show their understanding of the molar mass concept. As Julie,
during the Blackboard discussion explained, “Many (students) were confused at first because
they thought they would need more materials. I was fine with this, however, because of how I
was using this to stretch their thinking.” Thus, the task also engaged students in thinking about
what they need to have in order to come up with their elements. Furthermore, Julie stated, “They
(students) do not realize that using molar mass can be a two-way street. They were very
comfortable using it as a conversion factor, but to go ‘backwards’ to use it to identify something
was more difficult.” Therefore, the assessment task was successful for Julie’s aim for eliciting
students’ understanding of molar mass concept since the assessment task required students to
use their knowledge of molar mass, and the task showed how and where the students had
difficulties. On the other hand, some students could not find the elements in their bags because
the calculated molar mass did not match with any elements in the periodic table. This was
because of the masses of the elements given in the bags to the students. Therefore, Julie stated,
“Make sure to measure the masses carefully so the mole amounts on the bags can allow students
to get a reasonable molar mass, or identification can be difficult.”
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Briefly, Julie had three main intentions for the assessment: (a) have students use experi-
mental design, (b) evaluate students’ understanding of molar mass concept, and (c) provide
context for moles and molar mass concepts. As seen from Appendix 1 and above explanations,
we found that the assessment mostly achieved her aims for designing the assessment. The
awarded scores based on the rubric can be seen in Table 4 (no. 13).

Conclusion and Discussion

Our aim for this study was to characterize the effectiveness of the assessments based on a
model of effective assessment by focusing on their alignment with research-informed princi-
ples of effective assessments and their achievement for transforming teachers’ intentions into
classroom practices. Classroom assessments co-developed by five teachers were used as unit
of analysis to illustrate the utilization of this model. The results showed that teachers’
developed assessments had different levels of effectiveness from high to low for each of the
five research-informed dimensions. Furthermore, based on teachers’ self-reports and our
analysis on students’ works, the results showed that the assessments the teachers practiced
mostly enabled them to achieve their intentions for design and use.

Assessment of science learning and reasoning is crucial for effective science instruction and
the quality of science instruction will not be complete without using quality classroom
assessments to enhance learning (Liu et al. 2008; NRC 2014; Kang et al. 2014; Pellegrino
2013). Existing assessments may not be effective in assessing and driving the new forms of
science learning since they are not designed to capture and aid such learning (NRC 2014;
Pellegrino 2013; Siegel and Wissehr 2011). Therefore, the design and/or selection and use of
classroom assessments to effectively aid such forms of learning are desired, although it is hard
for many teachers (Gottheiner and Siegel 2012; Lyon 2013; Kang and Anderson 2015;
Pellegrino 2013). It is important to evaluate the effectiveness of existing and developed
classroom assessments to be sure that they meet the expectations for using them in supporting
such a desired science learning, which research is needed for (NRC 2014; NSTA 2015;
Pellegrino 2013). Earlier efforts to evaluate effectiveness of assessments have mostly focused
on providing a checklist for teachers to choose an assessment for their purposes (e.g., Brown
et al. 2003), evaluating assessment items for ability to assess taxonomy such as the SOLO and
Bloom (e.g., Opfer et al. 2012), and evaluating effectiveness of teachers’ use and feedback for
supporting learning (e.g., Haug and @degaard 2015). However, the current study provided a
more comprehensive model that guides researchers and teachers to evaluate assessments based
on their alignment with effectiveness principles and teachers’ goals.

The newer notion of effectiveness for assessment values the ability of assessments for
positively influencing learning and teaching rather than other psychometric factors such as
reliability (Elton and Johnston 2002). Earlier notions of effectiveness for classroom assessment
conceptualize assessment as a task or process and separately try to develop effective ways to
enhance the quality of assessment tasks or teachers’ use of assessment process (e.g., Wu et al.
2014). While developing and making quality classroom assessments available for use is
reasonable (Kang et al. 2014), it is difficult to ensure they are used in a way to support
learning and teaching as well as their effectiveness. Plus, focusing on teachers’ use of
assessment to evaluate effectiveness is sound, it is difficult for a successful teacher to elicit,
monitor, and aid learning and teaching without having quality assessment tasks (Abell and
Siegel 2011; Bennett 2011; Kang et al. 2014). However, this study, in contrast to others, goes
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beyond the task only or process only studies to examine teachers’ aims and executions and
provides a more complete picture for effectiveness of assessments and considers both the
theoretical and practical realm. One of the advantages of our approach is it focused both
quantitative and qualitative approaches to elicit the quality of classroom assessments. This
model lets researchers and teachers to evaluate assessments based on research-informed
principles for their potential to support learning and teaching. The potential quality of an
assessment is important, and using low quality assessments does not help teachers and students
to aid learning-wasting instructional time (Abell and Siegel 2011; Gottheiner and Siegel 2012;
NRC 2014; Kang et al. 2014; Pellegrino 2013; Sandlin, Harshman and Yezierski 2015).
Furthermore, the alignment between teachers’ intentions and assessments has been highlighted
as an integral criterion for instructional sensitivity and is crucial for valid inferences that
teachers make to support learning (e.g., Popham 2007; Ruiz-Primo et al. 2012; Sandlin et al.
2015). This alignment also forms an important component of data-driven inquiry, an assess-
ment process (Sandlin et al. 2015) and is considered important for eliciting and supporting
disciplinary content knowledge that mostly is neglected during assessment processes (Coffey
et al. 2011; Harshman and Yezierski 2015). Thus, evaluating effectiveness of assessments is
complex and requires consideration on both potential of an assessment and its success for
transforming teachers’ pedagogical and content-related aims in practice. However, there is
little research conducted in this area in the forms of data-driven inquiry (Sandlin et al. 2015;
Harshman and Yezierski 2015) and instructional sensitivity (Popham, 2007; Ruiz-Primo et al.
2012) and more research is needed in order to provide a more clear picture of effectiveness of
assessments because of the importance of powerful assessments in driving new forms of
learning. As a contribution to this area, the current study takes our attention to the complex but
important concept effectiveness of assessment and provides examples of effectiveness at two
levels based on a model. Level 1 is useful for teachers thinking about ways to improve their
design of new or refinement of developed assessments. Level 2 is useful for teachers in
showing particular ways others have implemented the assessments and how teachers have
conceptualized the purpose and intent of an assessment and how it went within real classroom
context. Teachers can use level 2 to share the successes and difficulties they faced during usage
of a specific assessment task and get colleagues ideas for overcoming the challenges to
improve their practice. This study also provides evidence for effectiveness of assessments
and a rubric for teachers’ use.

In the current study, science educators, chemistry specialist, and teachers collaboratively
engaged in the assessment development process. As shown in Fig. 3, it was an iterative
development process. A successful assessment design requires collaboration among different
peoples such as educators, content experts, and teachers (DeBarger et al. 2013). Thus, this
study engaged the teachers in a co-development process within a community-centered PD
program. This process is also known as community of practice and provides benefits for both
teachers and researchers (Wenger 1998; Wenger et al. 2002). Community of practice provides
an effective model for collaboration among individuals at different institutions to change and
enhance a desired practice, in this case, classroom assessment (Kislov et al. 2011). There are
three essential features of a community of practice, domain, community, and practice, and
when these three features are merged, community of practice is most effective (Wenger 1998).
In our case, the community of practices helped teachers to reflect on their current practices,
share their experiences and struggles with a community formed by colleagues and researchers,
and gain theoretical and practical understanding about assessment process. Providing a
supportive community is important and the contributions of each participant should be valued
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in order to continue the partnership to change teachers’ practices (Bartholomew and Sandholtz
2009). Otherwise, even if PD programs help to enhance teachers’ understanding of assessment,
their practices will not be changed as shown by researchers (DeBarger et al. 2013; Herman
et al. 2015). Thus, we need to be careful when trying to enhance teachers’ assessment literacy
because just designing PDs to inform teachers about different strategies, purposes, and ways
for use of assessment to improve teachers’ theoretical understanding of and orientation to
assessment, which is necessary but not enough to reform teachers’ assessment practices (Abell
and Siegel 2011; Gottheiner and Siegel 2012; Xu and Brown 2016). On the other hand, the co-
development process can also assist researchers to share their knowledge and experiences with
teachers, learn what work or what does not work in practice in terms of classroom assessment,
reflect on and change their efforts for transforming teachers’ assessment practices, and refine
and regulate their theoretical ideas in light of practice (Bartholomew and Sandholtz 2009).
However, we need to be aware that community of practice provides new problems because of
having different goals, different understanding of the roles of teachers and researchers, and
different context the partners came from (Bartholomew and Sandholtz 2009; LePage et al.
2001). Thus having knowledgeable, experienced, and well-trained teacher educators is impor-
tant to support teachers’ assessment practices (Abell and Siegel 2011; Bell 2007). Luckily, we
did not experience the same struggles within the collaborative program in this study because
the goals were the same: all participants’ knowledge and skills were valued, and participants
had the freedom to choose, develop, and use assessment tasks during the collaboration.

An essential goal of assessment design is to understand what students know and can do.
The articulation of claims about what students should know and be able to do need to be
guided by educators and content experts. Developing appropriate assessments and scoring
guidelines requires both content knowledge and experience with students and should involve
teachers. Plus, assessment development should be an iterative process that provides revisiting
and revising goals, contents, and items (DeBarger et al. 2013).

The results provided examples of assessments that are not effective at all dimensions but are
still worthy of use in classrooms. It is suggested teachers need to build an assessment system
that should include a variety of assessments that can be used for different purposes to aid
integrated science learning (NRC 2014; Pellegrino 2013). No one assessment can provide
adequate information for measuring NGSS learning (NRC 2012). Thus, the five-dimensional
rubric used in this study can guide teachers to design and choose a variety of assessments for
various purposes to assess and support learning. The results of the study showed that the
guidance and supportive community helped teachers to construct assessments that mostly
transfer their intentions into classroom practices as exemplified by John and Steve’s assess-
ment practices. Thus, even if all developed assessment within the collaborative program did
not satisfy all five dimensions of our rubric, they mostly achieved a teacher’s intention for use
and were effective at level 2 of our model. Furthermore, as John and Steve’s practices showed
that even if the assessment tasks they used provided limitations for their practices, they were
aware of these and took actions (such as using the task as group activity, warning students they
did need to know how an engine works to response the task) to overcome these issues to
achieve their goals. This is important because a main obstacle has been that most novelties,
even if they are high quality, are not adopted by most of teachers because of the lack of
researchers’ support and teachers’ involvement in development process (Penuel and Yarnall
2005). Thus, as Penuel and Yarnall (2005) reported the benefits of co-development process for
instructional software design, the co-development process in our study also supported
teachers’ adoption and practices of assessment or assessment literacies and made them to
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adjust their implementation in a way to accomplish their goals for use. One of the other ways
to support teachers effectively design and use assessment tasks to aid learning is design-based
research, which is a process requiring use of design principles and scientific methods to let
collaborators develop appropriate products and solutions for educational context (Easterday,
Lewis, and Gerber 2014). Design-based research requires an iterative design process since
education is a complex process and the outcomes of an educational intervention are not easily
predictable (Easterday et al. 2014). Thus, the iterative assessment design process (see Fig. 3)
used in the study is important since it has the potential to support researchers and teachers to
engage in iteration to develop effective assessment tasks (McKenney 2018). This process also
can support teachers in aligning assessment with their learning goals and finding different
ways to elicit and assess their student learning to avoid development of ineffective assessment
tasks. Just three assessments the teachers developed within the program did not satisfy any
dimension of our rubric. Details of these assessments showed that main problems with these
assessments were (a) they lacked a clear objective and (b) provided limited scaffolding for
students to engage and show learning. Thus, we, as researchers, need to provide ways to for
teachers to start assessment development process by choosing a clear learning goal. Teachers
also faced difficulties to provide scaffolding; thus, teachers should be informed about types
and effectiveness of different scaffolding and be engaged in using various scaffoldings to
achieve their aims of assessing and supporting learning (Kang et al. 2014).

Limitations and Implications

There are a few limitations that the authors recognized for this study. Firstly, the study used a
rubric to show alignment of assessments with five important dimensions for an assessment to
be effective. However, it is possible to set other criteria beyond the scope of the rubric to define
effectiveness and use different methods to illustrate effectiveness. Therefore, evaluating
effectiveness of assessments for supporting learning and teaching is a hard task and still needs
to be investigated. Also we emphasize that an assessment does not need to succeed at each of
the dimensions of the rubric to be an effective assessment for a teacher to use. Secondly, the
study, in order to illustrate alignment between teachers’ goals and practiced assessments, used
teachers’ self-reports and researchers’ review of students’ responses on three assessments.
However, more classroom observations could have been done by researchers for teachers’ use
of assessments to provide a clearer picture of alignment. Furthermore, student interviews could
be conducted to see how teachers’ assessment practices are successful and perceived by
students. The study also focused on a small sample of teachers and a specific content area,
chemistry. Thus, while the implications seem important for other content areas, the results are
not intended to generalize for other teachers and content areas. Furthermore, conducting more
observations of teachers’ assessment practices can provide robust pictures of effectiveness for
the alignment between teachers’ intentions and real practices of assessments.

The results of the study have some important implications for teachers and science
educators. Firstly, the results of the study showed that engaging in an iterative and collabora-
tive assessment development process including reflections, revisions, and implementations
supported teachers for selecting and developing their own assessments to reach their own aims.
Thus, it is important for science educators to collaborate with science teachers to help them
engage in developing their own assessments to meet their own aims by taking ownership that
can make teachers to effectively use those assessments in own classrooms since other
assessments developed by outsiders may not satisfy their aims and can be useless to
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implement. Secondly, the results suggested that considering assessment both as a
process and task is more complete, thus providing and exemplifying a complete
picture of assessment during the teacher training program will be helpful for teachers
to design and engage in effective assessment practices. Just providing quality assess-
ment tasks does not aid using assessment to support learning since the interactions
between a teacher, the instructional practice, and the school context impact decision-
making process of the teacher to adapt the practice (Shaharabani and Tal 2017).
Furthermore, the rubric developed and used in the study to evaluate effectiveness of
the assessment tasks will be helpful both for teachers to select and design their own
assessments and for science educators to highlight the principles of effective assess-
ments during training teachers and providing PD for practicing teachers. This rubric
also can be an example for science educators and researchers who may aim to
develop their own rubric for evaluating effectiveness of instructional materials including
assessments tasks too.
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