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Abstract 

The purpose of this dissertation study was to investigate how engaging in 

participatory action research (PAR) and using assessment instruments can support a 

college science instructor’s science teacher assessment literacy.  This study also 

examined the benefits and challenges college science instructors face when engaging in 

PAR and using assessment instruments in the college science classroom.  

I used a case study approach within the context of PAR focused on implementing 

assessment instruments.  Multiple data sources were used in this study – interviews, 

observations, recordings of lesson planning sessions and reflections, and artifacts—to 

build the case. 

The findings of this study demonstrate that engaging in PAR and using 

assessment instruments can support the development of science teacher assessment 

literacy in several ways. This experience helped my participant gain confidence in his 

beliefs about teaching, learning and assessment, expand his knowledge of formative 

assessments strategies, and develop his knowledge of interpretation of assessment data. 

In addition, our PAR collaboration and use of assessment instruments supported the 

participant in integrating his knowledge in ways that supported changes in his practices. 

Furthermore, this study illustrates how departmental policies and mandates regarding 

assessment can constrain this process.  

This study also demonstrates that assessment instruments can be useful resources 

for college science instructors in several ways. First, assessment instruments can help 

science faculty develop learning activities and labs that address student misconceptions. 

Second, assessment instruments can help science faculty incorporate higher level 
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thinking questions into their instruction and assessments. Third, having access to articles 

on assessment instruments that consequently outline student misconceptions can not only 

inform but also validate science faculty members’ understanding of students.  

This study also demonstrates that engagement in PAR by science faculty and 

science education researchers can be a feasible and an effective form of professional 

development that is tailored to the specific needs and unique teaching contexts of faculty 

members; the participant found this experience preferable to, and much more effective 

than, attending a workshop.  

This study has implications for science education researchers and science faculty 

interested in PAR, professional developers and assessment instrument developers.  This 

study raises questions about the extent to which faculty science assessment literacy may 

be constrained by departmental guidelines and policies for assessment, as well as the 

degree to which PAR can achieve its emancipatory aims in environments where faculty 

have limited academic freedom regarding course policies. 

This study highlighted the importance of establishing an open and trusting 

relationship between science faculty and researchers, the need to understand the teaching 

context of the science faculty member and the constraints it poses, and explicit discussion 

of goals for the collaboration. These enhance the ability of PAR to provide professional 

development that is tailored to the individual faculty member’s needs and circumstances.  

This study highlighted several barriers to faculty use of assessment instruments, 

including access and usability of the instruments themselves. A central database of 

assessment instruments in formats that can be easily adapted by faculty would enhance 
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the ability of college science faculty to implement these high-quality assessment 

resources into their practice.
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CHAPTER 1 - INTRODUCTION 

Statement of Problem 

Given the fact that many major scientific investigations are highly linked to 

societal issues such as climate change, gene therapy, and the development of vaccines, 

the welfare of this earth and its population is largely dependent on advancements in 

science and technology. There is a general consensus that the United States is falling 

behind other highly developed countries in terms of scientific innovations, the number of 

students majoring in science and engineering, the number of students finishing with a 

science undergraduate degree, and the number of individuals in underrepresented groups 

in science professions (AAAS, 2011; Hill, Corbett, & St. Rose, 2010; House, 2010; NAS, 

2010). In order for the United States to remain a major contributor to new, creative and 

innovative scientific ideas, there has been a call to reform undergraduate science 

education to increase the number and diversity of students graduating with a science 

degree and pursuing a science profession. 

Research on how to reform undergraduate science education can inform science 

faculty about how to improve teaching and learning in the science classroom. The 

research on how people learn has prompted science education researchers to advocate for 

science classrooms to be learner-centered, knowledge-centered, assessment-centered, and 

community-centered (Donovan & Bransford, 2005). Classrooms that are learner-centered 

occur when instructors assess and build from students’ preconceptions about a topic. A 

knowledge-centered classroom focuses on the topics that should be taught, why they 

should be taught and what mastering of the topic looks like. Assessment-centered 

classrooms focus on providing multiple opportunities for students to make their thinking 
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visible in order for students to monitor their progress as well as help instructors tailor 

instruction to meet students’ needs. A community-centered classroom establishes norms 

and practices for the classroom as well as makes content relevant to the real world.  

Assessment practices especially, have been linked to improved student 

achievement (Black & Wiliam, 1998) and an assessment-centered classroom is linked to 

achieving a learner-centered and knowledge-centered classroom (Abell & Siegel, 2011). 

However, studies have shown that teachers primarily use exams or quizzes to assess 

student understanding (Doran, Lawrenz, & Helgeson, 1994) instead of using a variety of 

assessments as recommended in the literature. In addition, teachers primarily conduct 

assessments of learning instead of assessments for learning (Black, Harrison, Lee, & 

William, 2003). That is, assessments are used to assign a grade and compare student 

achievement against a standard instead of to inform instruction and develop self-

regulated learners. At the college level, specifically, studies have shown that faculty most 

often use student evaluations to inform instruction (Erickson, 1986). This is problematic 

because feedback collected from students through end-of-course evaluations comes too 

late to make changes to instruction that might have benefited those students.  

One reason faculty do not use a variety of assessment practices may be because of 

the lack of instructional training they receive during graduate school (DeHaan, 2005). 

Improved teaching assistant training for science graduate students is one solution to 

improving undergraduate science education, but for current science faculty, professional 

development programs aimed at assessment are also needed. Professional development 

programs have been shown to increase K-12 teachers’ understanding of different 

assessment tools and practices and emphasize that teachers need access to high quality 
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assessment tools to improve their assessment practices (Gearhart et al., 2006). Given the 

fact that professional development programs for faculty that focus on assessment are in 

the minority (Erickson, 1986) and that assessment practices have been linked to improved 

pedagogical decisions (Crooks, Kane, & Cohen, 1996), there is a need for resources to 

improve assessment in the college science classroom.  

One type of high quality assessment tool that can be used in college science 

classrooms is assessment instruments such as concept inventories and diagnostic tests. In 

fact, there is evidence that science faculty are interested in using such assessment 

instruments in the classroom (Hake, 2011) and that these tools have been effective in 

both eliciting student ideas about a topic and investigating the impact of instructional 

strategies on student understanding in the college science classroom (Crouch & Mazur, 

2001; Deslauriers, Schelew, & Wieman, 2011; Dori & Belcher, 2004; Hoellwarth & 

Moelter, 2011; Hoellwarth, Moelter, & Knight, 2005; Pollock, 2004).  

The use of assessment instruments by faculty is consistent with recommendations 

in various policy documents. Published by the American Association for the 

Advancement of Science (AAAS) and funded by the National Science Foundation (NSF), 

the report Vision and Change (AAAS, 2011) called for changes in how undergraduate 

biology courses are taught, designed, and assessed and how faculty are supported in 

teaching these courses. In terms of assessment, Vision and Change recommends that a 

variety of assessments that align with course learning goals should be made available to 

faculty and that assessment data should be used to improve teaching and the learning 

environment. Furthermore, faculty should use high-quality assessments tools (such as 

assessment instruments) that are valid measures of learning and should use assessment 
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data to guide instruction and improve student learning. As scientists, faculty are familiar 

with the process of collecting and analyzing data, and could relate this to collecting and 

analyzing assessment data; however, faculty may still have difficulty incorporating 

assessments practices effectively in the classroom (AAAS, 2011). Because there are very 

few resources available to help faculty implement assessment tools and practices, the 

Vision and Change report also suggests that faculty development should include 

collaborative relationships between scientists and science education researchers to 

combine their expertise on content, curriculum, and assessment to support the reform of 

undergraduate science education. Currently, the literature includes little empirical 

evidence of how these recommendations may enhance assessment in the college science 

classroom by improving faculty knowledge and skills for assessment. 

Purpose of the Study 

There are a several published papers that document successful collaborative 

relationships between science faculty and science education researchers to improve 

teaching and learning (Hanuscin, Richard, Chandrasekhar, Corman, & Lapilli, 2007; 

Krockover, Adams, Eichinger, Nakhleh, & Shepardson, 2001). However, the focus of 

these endeavors was on the impact of interventions on student outcomes, rather than the 

impact of the collaboration on faculty knowledge. In addition, there are studies 

investigating how science faculty use developed assessment instruments (Crouch & 

Mazur, 2001; Deslauriers et al., 2011; Dori & Belcher, 2004; Hoellwarth & Moelter, 

2011; Hoellwarth et al., 2005; Pollock, 2004), and how examining an instructor’s use of 

assessment instruments can be used to understand college science instructors’ views of 

assessment (Vanmali, 2012). However, to my knowledge, there are no empirical studies 
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investigating how participatory action research (PAR) could be used as a means to 

support college science instructors’ knowledge of assessment. To address this gap and 

build on recommendations in Vision and Change, this study explores how the use of 

assessment instruments support the development of a college science instructors’ 

knowledge of assessment in the context of a PAR collaboration with a science education 

researcher.  

Conceptual Framework 

 This study is grounded in the literature on science teacher assessment literacy, and 

framed within the concepts of PAR, the action research cycle, and assessment 

instruments. The following sections describe in detail the conceptual framework and how 

it will inform the study.  

Science Teacher Assessment Literacy 

To investigate how the use of assessment instruments and engaging in PAR can 

support a college science instructor’s knowledge of assessment, the science teacher 

assessment literacy model (Abell & Siegel, 2011) will be used to frame the study. In 

order to understand K12 science teachers’ knowledge of assessment, Abell & Siegel 

(2011) developed this framework based on evidence from research investigating science 

teachers’ knowledge of assessment as well as the Magnusson et al. (1999) model of 

pedagogical content knowledge (PCK) and Pelligrino et al. (2001) assessment triangle. 

The science teacher assessment literacy model encompasses the knowledge and skills 

necessary to create an assessment-centered classroom (Donovan & Bransford, 2005) and 

is represented in Figure 1. 
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Figure 1: Model representing science teacher assessment literacy 

 

The center of the model represents a teacher’s views of learning in general, since 

a teacher’s beliefs about learning influences every aspect of the teacher’s practices. 

Along with a teacher’s general beliefs and values about learning, a teacher’s values and 

principles about assessment are at the core of the model. A teacher’s assessment values 

and principles guide a teacher’s assessment practices and decisions. Science education 

researchers advocate for four assessment values and principles: (a) assessment should be 

a process through which teachers learn about what their students are learning; (b) 

assessment should be a process through which students learn; (c) assessment should 

facilitate meta-cognition and self-regulated learning; and (d) assessments should be 

equitable for all learners. In the model, these assessment values and principals are 

Assessment Values  

Assessment Principles 

General views 

of teaching and 

learning 

Knowledge of the 

purpose of assessment 
Knowledge of what to 

assess 

Knowledge of 

assessment strategies 

Knowledge of assessment 

interpretation and action-

taking 
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surrounded by four types of teacher knowledge necessary to create an assessment-

centered science classroom and are linked to each other and the teacher’s beliefs in 

practice.  

 One type of knowledge related to assessment is understanding the purpose of 

assessment. There are several purposes of assessment, including (a) helping teachers 

know what students know; (b) helping students be meta-cognitive about their own 

knowledge; (c) gauging students’ progress towards an instructional goal; and (d) 

providing data that can be used for grading purposes. Another type of assessment 

knowledge is understanding what types of knowledge to assess. For example, science 

teachers could assess student knowledge of content, nature of science concepts, or 

process skills, depending on the goals of instruction and the values of the teacher. A third 

type of knowledge necessary for carrying out assessment in the science classroom is 

knowledge of assessment strategies. Teachers need to know a variety of assessment 

strategies that relate to the concept being assessed, the goals of instruction, and the 

purposes of the assessment. Finally, the fourth type of assessment-related knowledge is 

what teachers know about how to interpret assessment data and what to do with 

assessment data.  

Participatory Action Research 

The study aims to investigate how a college science instructor’s assessment 

literacy is supported through a collaborative relationship with a science education 

researcher. As a structure for that collaboration, participatory action research (PAR) will 

be used. While there are several structures that can be used to research and improve one’s 

own practice, such as action research and collaborative action research, PAR differs from 
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these in several ways. First, PAR typically involves a collaboration between individuals 

with different expertise while collaborative action research involves multiple participants 

with shared goals (Smulyan, 1987). Action research, on the other hand, typically involves 

a practicing teacher as the researcher (Whitehead & McNiff, 2006). While the three 

traditions share methods (gathering data and making decisions based on the data) and 

goals (teacher development), PAR was traditionally used by activists to empower 

marginalized groups whereas action research and collaborative action research are not 

rooted in transformative action (Tandon, 2002). PAR also differs in the assumptions on 

which it is based. 

 First, PAR assumes that practitioners can be researchers (Kemmis & McTaggart, 

2000) and this type of research is appropriate for university science settings because it 

seeks to eliminate the power relationship between individuals with different expertise, in 

this case, a science faculty member who is teaching a course and a science education 

researcher who is interested in reform in the college science classroom. This type of 

research is different than traditional intervention studies because it seeks to include the 

faculty member as part of co-constructing reality and being a researcher rather than being 

the subject of research. This method of research may be more effective in bringing about 

reform in the college science classroom since the faculty member is actively taking part 

in the reform (Bouwma-Gearhart, 2012).  

 Instead of assuming that the researcher has special insight into the situation 

because they are the outsider observing and that the participant is naïve and unaware of 

the situation, PAR assumes that the participant can give insight into the reality of the 

situation. PAR assumes that participants in social settings are aware of the “big picture” 
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and understand the social and global implications of the results of the research and 

barriers of reform.  

PAR also takes the perspective that practice is reflexive. This perspective assumes 

that to research a situation is to change it. Therefore, the dichotomy of objective and 

subjective, observer and participant do not exist. Instead, research is assumed to be 

engaging in an activity and a process of learning that will change practice, instead of the 

researcher objectively standing outside the activity in the role of recorder or controller 

(Kemmis & McTaggart, 2000).  

Participants in PAR are also aware that in order for change to occur, there needs 

to be a change in themselves and others. Therefore, PAR is not only interested in 

investigating reality in order to change it, but also transforming reality in order to 

investigate it. Participants in PAR are interested in reform from a reflective yet realistic 

perspective. Participants are interested in understanding the current situation and how 

change might happen based on reality, not just theory (Kemmis & McTaggart, 2000).  

 PAR has several other key features. PAR is a social process; it occurs within a 

social setting and it explores the relationship between the social setting and an individual. 

PAR is participatory by engaging people in researching their own practices, knowledge, 

belief systems and identities. PAR is also emancipatory by exploring barriers to change 

and understanding ways in which practices are shaped and constrained by social 

structures. PAR also seeks to understand if these barriers can be breached and if they 

can’t, how practices can work within these constraints. PAR is critical by helping 

participants understand and diminish power relationships and by eliminating the power 

relationship between participant and researcher by making the participant a co-researcher. 
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PAR is reflective and dialectical - “it is a process of learning, with others, by doing – 

changing the ways we interact in a shared social world in which, for better or for worse, 

we live with the consequences of our own and one another’s actions” (pg. 598). PAR also 

aims to reform both theory and practice; the purpose of PAR is not to develop theory 

without considering practical implications nor is it to understand practical implications 

without understanding how practices fit into the theoretical realm (Kemmis & 

McTaggart, 2000). Below is a table summarizing the key features of PAR.  

 

Table 1 

Summary of the assumptions of PAR  

Assumption Description 

Practitioners are co-researchers instead of 

being under investigation. 

Practitioners are an active part of the 

reform. 

Practitioners have unique insights of the 

setting. 

Practitioners understand the barriers to 

reform and implications of the research 

and therefore, offer practical insights.  

Practice is reflexive.  To research a situation is to change it. 

Research is learning, and engaging in it 

will change practice.  

Practitioners will have to change 

themselves and others in order for change 

to occur.  

PAR investigates reality in order to 

change it and changing reality in order to 

investigate that change.  

Reform needs to be realistic. Change is based on reality, not just theory.  

PAR is social.  It occurs within a social setting and 

includes researching one’s own practices, 

knowledge and beliefs.  

PAR is emancipatory.  PAR explores barriers to reform within 

social structures and how these barriers 

can be breached or how reform can work 

within those barriers.  

PAR is critical.  Helps participants understand and 

eliminate power relationships.  
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Action Research Cycle 

In order to engage in PAR, the college science instructor and the science 

education researcher engaged in the action research cycle (Hopkins, 1993; McIntyre, 

2008). This involves generating questions, planning actions, collecting data, analyzing 

data, interpreting data, and generating more questions based on the data. Below is a 

figure representing the action research cycle (Figure 2). 

 

  
Figure 2: The action research cycle. 

 

 

The action research cycle is appropriate for this study because it aligns with the 

science teacher assessment literacy model (Abell & Siegel, 2011) and it lends itself 

toward investigating the use of assessment instruments. Generating questions and 

planning actions involves knowledge of the purpose of assessment and knowledge of 

what to assess. Collecting data involves knowledge of assessment strategies. Analyzing 

and interpreting data and generating questions based on the data involves knowledge of 
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action-taking and interpretation of assessment data. The focus of this action research was 

incorporating existing assessment instruments and items from these instruments into 

instruction in order to assess student knowledge.  

Assessment Instruments  

While there are many ways to develop assessment tools, one alternative is to use 

existing assessment instruments. Since science faculty are not traditionally prepared as 

teachers and do not take specialized courses in the design of valid and reliable assessment 

instruments, the incorporation of existing assessment instruments into instruction may be 

an effective and relatively easy starting point for them to begin incorporating assessment 

practices and tools.  

 In the field of science education, concept inventories and diagnostic tests are two 

commonly used assessment instruments and are used to examine participants’ 

performance in terms of proficiency and competency of a topic, concept or academic 

subject. In science, there are a number of well-developed instruments that assess a variety 

of concepts. For example, there are instruments available that assess student 

understanding of natural selection (Anderson, Fisher, & Norman, 2002), basic molecular 

biology (Klymkowsky & Garvin-Doxas, 2008), force and motion (Hestenes, Wells, & 

Swackhamer, 1992), genetics (Bowling et al., 2008), osmosis and diffusion (Odom & 

Barrow, 1995), light and spectroscopy (Prather, Rudolph, Brissenden, & Schlingman, 

2009), astronomy (Slater & Slater, 2008), just to name a few. There are also resources 

available that provide individual assessment items, such as the AAAS science assessment 

item bank (AAAS, 2014).  
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 The use of assessment instruments aligns well with the action research cycle, 

PAR and the science teacher assessment literacy model. In terms of the assessment 

literacy framework, using assessment instruments can be considered an assessment 

strategy and can be used as a way to collect student data for different assessment 

purposes in order to interpret data and plan instruction. Through PAR the instructor and 

the science education researcher can work together to identify and incorporate the most 

appropriate instrument/assessment items for what they want to assess. Thus PAR focused 

on using assessment instruments can also give insight into the instructor’s knowledge of 

assessment strategies, knowledge of the purpose of assessment and knowledge of what to 

assess. The action research cycle can be used throughout this process to help the 

instructor reflect on the assessment data, the effectiveness of his/her assessment 

strategies, and how best to proceed with instruction.  

Research Questions 

 The overarching question for this dissertation study is How does engaging in 

participatory action research support a college science instructor’s assessment literacy? 

The focus of the action research for this study is using existing instruments and items 

from instruments so the specific questions that will be answered by this study are: 

1. In what ways does PAR, using the action research cycle focused on implementing 

assessment instruments, support a college science instructor’s: 

a. Beliefs about teaching and learning? 

b. Assessment values and principles? 

c. Knowledge of the purpose of assessment? 

d. Knowledge of what to assess? 
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e. Knowledge of assessment strategies? 

f. Knowledge of action-taking and interpretation of assessment data? 

2. What factors act as barriers and facilitators for college science instructors using 

assessment instruments? 

3. What factors act as barriers and facilitators for college science instructors 

engaging in PAR? 

Below I summarize how these research questions were informed by my framework. 

 As stated previously, since PAR, assessment instruments and the action research 

cycle align well with the science teacher assessment literacy model, I am interested in the 

knowledge and beliefs that encompass a college science instructor’s assessment literacy. 

Research question one specifically examines each dimension of assessment literacy in 

Abell and Siegel’s (2011) framework. Since high quality assessment tools, specifically 

assessment instruments, can be used to improve faculty assessment practices, I want to 

understand the benefits and drawbacks faculty experience when using assessment 

instruments in the college science classroom (research question 2). Finally, since I am 

interested professional development of science faculty, I want to investigate how PAR 

can useful or challenging for a college science instructor (research question 3).  

Significance of the Study 

 The proposed study will fill a critical gap in the current literature by contributing 

to our understanding of how policy recommendations in Vision and Change can be 

enacted. The results of this study will contribute to the literature by expanding our 

knowledge of the feasibility and the effectiveness of using assessment instruments to 

support faculty knowledge of assessment, as well as the feasibility and effectiveness of 
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establishing collaborative relationships between science faculty and science education 

researchers for this purpose. The findings will enhance our understanding of the extent to 

which the use of assessment instruments can support the assessment literacy of science 

faculty. Additionally, this study will advance knowledge in relation to the science teacher 

assessment literacy model, developed primarily for use in K-12 settings, and its 

applicability to higher education.  

The results of this study have implications for college science instructors, 

professional developers, and science education researchers. Outcomes of this study could 

provide a resource for college science instructors in terms of strategies for incorporating 

assessment instruments into their instructional practices, and provide a concrete example 

of a collaborative partnership that can inform other faculty in their own work. Insights 

from this study will also be beneficial for science education researchers who are 

interested in investigating how collaborative relationships between science faculty and 

science education researchers could support science faculty development.  

Improving assessment practices and incorporating collaborative relationships in 

science departments has the potential to enhance science teaching and learning. 

Ultimately, such improvements in undergraduate science education could increase the 

number and diversity of students majoring in and graduating with a science degree, 

enriching the science profession and ultimately improving the United States’ position in 

terms of scientific innovations in a world dominated and driven by science and 

technology. 
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Organization of the Dissertation 

This dissertation is organized into five chapters beginning with this, the 

introduction. In the next chapter, I review the existing literature in order to situate this 

study and emphasize its contributions. In chapter three, I outline the methods used to 

investigate this study. In chapter 4, I present the findings and in chapter 5, I discuss my 

findings as well as implications of this research. 
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CHAPTER 2 – LITERATURE REVIEW 

 As described in Chapter 1, the purpose of this study is to explore how engaging in 

PAR while using assessment instruments could support a college science instructor’s 

assessment literacy. I have organized the literature review around four bodies of literature 

(a) the state of undergraduate science education in the United States, (b) the use of 

assessment to improve undergraduate science instruction, (c) science faculty beliefs and 

knowledge about assessment, and (d) professional development for college faculty. The 

purpose of the literature review is to situate the study within the existing literature, and 

emphasize its significance and contributions.  

The State of Undergraduate Science Education in the U.S. 

 The United States economy and the welfare of its people largely depend on the 

education and abilities of the population. As the world becomes increasingly dependent 

on science, technology and engineering, the importance of effective science education 

rises. Successfully educating and preparing people for careers in these fields is crucial for 

the United States to remain a leader in the global market and is key to addressing some of 

the world’s most complicated issues, such as tackling global climate change, improving 

alternative fuel sources, and developing cures for widespread diseases. Improving science 

education not only will generate the scientists needed to solve these problems, but will 

also create a more literate population needed to make informed decisions in this ever-

changing world. For the most part, the economy in the United States during the 20th 

century has been dependent on accessible education and scientific and technological 

advancements (PCAST, 2010) . However, international assessments reveal that students 

in the United States lags behind students in other countries in terms of science and 
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mathematics literacy (Baldi, Jin, Skemer, Green, & Herget, 2007), scientific innovations, 

the number of students majoring in the sciences, the number of undergraduates finishing 

with a science degree, and the number of underrepresented groups in science professions 

(AAAS, 2011; Hill et al., 2010; House, 2010; NAS, 2010).  

In the early 1990s, studies showed that the loss of students from science majors 

seemed to occur during the first years of college when undergraduates switched to non-

science majors (Seymour & Hewitt, 1997). Between freshmen and sophomore years, 

biological sciences was losing about 50 percent of their original students, engineering 

about 40 percent and physical science and mathematics 20 percent (Astin & Astin, 1993). 

While inadequate high school preparation contributes to loss of science majors (Seymour 

& Hewitt, 1997; Tai, Sadler, & Mintzes, 2006; Thompson & Bolin, 2011), there is 

evidence that even high achieving students decide to leave science majors during their 

undergraduate career (Grandy, 1998; Maton, Hrabowski III, & Schmitt, 2000).  

One factor that contributes to undergraduates leaving science majors is the way 

undergraduate science is taught (Seymour & Hewitt, 1997). According to researchers, 

science faculty usually lecture over large amounts of material and do not incorporate best 

teaching practices into their classroom (Astin & Astin, 1993) and it’s no wonder; during 

graduate school, scientists are rarely taught how to effectively teach (DeHaan, 2005) 

because generally speaking, graduate students do not have access to quality, in-depth 

teaching assistant (TA) training (Bomotti, 1994; Buerkel-Rothfuss & Gray, 1991; Butler, 

Laumer, & Moore, 1993). One way to improve undergraduate science education is to 

improve science graduate student TA training; however, support needs to be in place for 

current science faculty as well. Traditionally, science faculty receive little professional 
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development aimed at improving instruction (Bouwma-Gearhart, 2012). Including 

alternative forms of assessment has been suggested as one of the practices that science 

faculty should incorporate into their course (Bouwma-Gearhart, 2012).  

Using Assessment to Improve Instruction 

As stated in chapter 1, assessment practices are linked to student achievement and 

improved pedagogical decisions and therefore, improved assessment practices provides a 

means to improve undergraduate science education. There are several definitions of 

assessment, which are linked to different views of learning. For the purposes of this 

study, learning is viewed as a social activity for building knowledge that includes more 

than just memorization and recall. Learning involves higher-order thinking and problem 

solving in a social setting. Based on this view of learning, assessment addresses learning 

activities as well as specific outcomes (Shepard, 2000).  

Assessments are divided into categories, depending on the objective of 

assessment. One type of assessment that has been shown to improve teaching and 

learning is formative assessment. Although formative assessment has many definitions, 

for the purposes of this dissertation study, formative assessment is defined as “…all those 

activities undertaken by teachers and/or by their students, which provide information to 

be used as feedback to modify the teaching and learning activities in which they are 

engaged” (Black & William, 1998). Assessment becomes formative when it informs 

instruction. For the purposes of this study, formative assessment practices are strategies 

that can be used to inform instruction (e.g. turn and talks) and formative assessment tools 

are tangible means that facilitate formative assessment. Formative assessment can be 
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contrasted with summative assessment, which typically occurs after instruction and 

includes graded assessments such as exams or tests.  

Importance of Formative Assessment 

The use of formative assessment, especially, has been shown to improve student 

learning. To examine the evidence for how teachers’ formative assessment practices can 

improve classroom learning, Black & William (1998) conducted a literature review 

investigating the link between the two. Their review concluded that even though all the 

studies reviewed exposed several issues regarding research on formative assessment, one 

salient feature was clear: formative assessment can lead to significant learning gains. 

Since formative assessment is linked to improved student learning (Black & William, 

1998) and pedagogical decisions (Crooks et al., 1996), it is clear that formative 

assessment tools and practices could enhance teaching and learning in the college science 

classroom. However, it is not easy to design assessments tools and implement them in 

ways consistent with formative assessment. Given faculty do not have access to adequate 

pedagogical training in graduate school (DeHaan, 2005) or from professonal 

development workshops (Erickson, 1986), it is unreasonable to expect faculty to be able 

to design and implement their own assessments tools; particularly when high-quality 

assessment tools that are valid and reliable measurements of student learning already 

exist.  

Assessment Instruments 

An assessment instrument is a type of assessment tool. Two types of assessment 

instruments commonly used in the field of science education are concept inventories and 

diagnostic tests. These are used to examine participants’ performance in terms of 
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proficiency and competency of a topic, concept or academic subject. Not only can 

assessment instruments be used summatively to assign grades after instruction, but they 

can also be used formatively to elicit student ideas about a topic and to inform future 

instruction. In the field of science education, concept inventories and diagnostic tests 

have been used to investigate student understanding of natural selection (Anderson et al., 

2002), basic molecular biology (Klymkowsky & Garvin-Doxas, 2008), force and motion 

(Hestenes et al., 1992), genetics (Bowling et al., 2008), osmosis and diffusion (Odom & 

Barrow, 1995), light and spectroscopy (Prather et al., 2009), and astronomy (Slater & 

Slater, 2008), just to name a few. Such instruments are called criterion-based 

measurements and are used to compare a participant’s performance to a well-defined 

content domain (Crocker & Algina, 1986; Gregory, 1992).  

 Assessment instrument development and implementation is a rigorous and 

systematic process and has been standardized in the Standards for Educational and 

Psychological Testing (1999), a reference manual published jointly with the American 

Psychological Association, the American Educational Research Association, and the 

National Council on Measurement in Education. Since assessment instruments are 

subjected to such rigorous development and testing, assessment instruments should be 

valid and reliable measures of student knowledge.  

College Science Faculty Use of Assessment Instruments 

Several studies shed light on how college science instructors use assessment 

instruments in their classrooms, both to encourage student metacognition and to evaluate 

their teaching effectiveness. Vanmali (2012) investigated how an experienced biology 

faculty member and an experienced supplemental instructor used the Concept Inventory 
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for Natural Selection (CINS) in the lecture-based classroom session and in supplemental 

instruction. The results of this study show that experienced instructors may not use 

assessment instruments to diagnose student difficulties when they can anticipate students’ 

prior knowledge from past teaching experience. Rather, experienced instructors may use 

assessment instruments to confirm what they already know about student difficulties. 

This study showed that for experienced instructors who are able to anticipate students’ 

prior knowledge, using assessment instruments as a pre-assessment may not be a priority. 

Instead, the faculty member referred back to questions on the CINS during instruction as 

a means to encourage his students to be meta-cognitive about their learning.  

 Assessment instruments may also be useful for evaluating teaching. Most studies 

involving faculty use of assessment instruments have used them to research the 

effectiveness of instructional strategies. For example, Crouch & Mazure (2001) used the 

Force Concept Inventory (FCI) to investigate the effectiveness of the ConcepTests and 

Peer Instruction method pioneered by Mazure (1997). Results showed that the Peer 

Instruction method increased student achievement as measured by the FCI. Deslauries et 

al. (2011) used student results from the FCI to compare student learning between a 

traditional, lecture-based class and an interactive, active-learning class. Results show that 

students in the interactive classroom scored higher on the FCI than students in the 

traditional lecture. Hoellwarth (2005, 2011) used the FCI and the Force and Motion 

Conceptual Evaluation to investigate the effectiveness of a studio style classroom on 

conceptual understanding vs. traditional lecture. The studio classroom consisted of 

working in small groups to solve problems or perform experiments while the traditional 

course was taught with a lecture and recitation. Results of the study show that students in 
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the studio style classroom developed better conceptual understanding as assessed by the 

two instruments. Other studies used instruments in similar ways with similar results 

(Hake, 1998; Marbach-Ad et al., 2010; Pollock, 2004).  

Science Faculty Beliefs and Knowledge of Assessment 

In addition to examining faculty assessment practices, it is important to 

understand the beliefs and knowledge that shape those practices. The center of the 

science assessment literacy model represents a teacher’s views of learning in general, 

since a teacher’s beliefs about learning influences every aspect of the teacher’s practices. 

Along with a teacher’s general beliefs and values about learning, a teacher’s values and 

principles about assessment are at the core of the model since those guide a teacher’s 

assessment practices and decisions.  

There are several studies that focus on the faculty assessment knowledge and 

beliefs; however, this body of literature is small, and currently, little is known about 

science faculty members’ assessment beliefs and knowledge of assessment. Offerdahl & 

Tomanek (2011) investigated a college science instructors’ assessment beliefs and 

practices before and after the incorporation of clicker questions into their instruction. The 

authors found that before being introduced to new assessment strategies, the instructors 

believed that the purpose of assessment was to gather data in order to assign grades. The 

instructors believed that students should be assessed after instruction, and in order to 

measure student achievement, all the instructors used summative assessments, such as 

exams and quizzes. The only way the instructors gained student feedback during 

instruction was through informal and limited means, such as visual cues from the students 

(e.g. nodding of their heads/facial expressions) and one-on-one interactions with students. 
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The instructors valued this feedback from the students and used it to make decisions 

regarding the appropriateness of the difficulty and speed of the lecture 

The investigators of the study then gave the instructors clicker questions to use 

during instruction. The instructors initially saw clicker questions as a way to break up 

lecture rather than as a way to elicit student ideas. Over time though, the instructors 

began to value assessing student ideas during instruction and being introduced to new 

assessment strategies helped the instructors think of other assessment strategies. 

Assessment becomes formative when it is used to inform teaching and learning. 

However, results of the study showed that the instructors did not use student ideas they 

gained from the new assessment strategies to tailor their instruction, nor did the 

instructors incorporate formative assessment because of the intervention. The authors 

concluded that though the introduction to new assessment strategies may help college 

science instructors gain more sophisticated ideas about assessment, this alone does not 

facilitate formative assessment. The authors recommended that more personalized 

professional development where the instructors are active participants in the planning of 

instruction may be more effective in growth and reform of teaching and learning in the 

college science classroom (Offerdahl & Tomanek, 2011).  

Professional Development at the College Level 

 In light of the literature reviewed so far, it stands to reason that simply providing 

science faculty with high quality formative assessment strategies and tools will not ensure 

the changes in assessment beliefs and practices that are necessary for improving teaching 

and learning. Studies like that by Offerdahl and Tomanek (2011) suggest that 

professional development at the college level should actively involve faculty in the 
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planning of instruction and should be personal and tailored to the instructor’s needs 

(Bouwma-Gearhart, 2012; Cole, 1982; Sunal et al., 2001). Studies also suggest that 

professional development for faculty should allow the faculty to try out new practices as 

soon as possible, provide adequate time for reflection, and should make the faculty active 

participants in the reform (Bouwma-Gearhart, 2008; Menges, 1997; Neumann, 2005; 

Nicholls, 2005; Ory, 2000; Prosser, Ramsden, Trigwell, & Martin, 2003; Schon, 1987; 

Schratz, 1990; Zuber-Skerritt, 1992) . Furthermore, while professional development for 

faculty should be based on education research and theory, it should address practical 

classroom issues (Kreber, 2001; Weimer, 2003; Zuber-Skerritt, 1992). Science faculty 

have reported that professional development should include professionals that are 

knowledgeable in the field of college science education and who understand the 

experiences college science instructors have when incorporating new practices (Bouwma-

Gearhart, 2011). Furthermore, professional developers should take into account that 

faculty growth is slow and needs to occur in incremental steps. That is, faculty cannot be 

expected to make too many changes at once, and that faculty differ in their needs because 

of their strengths and weaknesses and where they are in their career (Angelo & Cross, 

1993; Bouwma-Gearhart, 2008, 2011; Cowan, George, & Pinheiro-Torress, 2004; Kreber 

& Cranton, 2000; Ory, 2000; Travis, 1997). 

PAR as Professional Development 

 Based on the above, PAR provides a viable approach to providing faculty 

professional development and facilitating reform in the college science classroom in 

terms of assessment practices. By collaborating with a science education researcher, 

science faculty involved in PAR receive personalized and tailored professional 
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development. Science faculty engaging in PAR can immediately implement new 

strategies and reflect over their effectiveness with their collaborators. Since PAR 

addresses the faculty member’s unique situation, PAR allows the science education 

research to make suggestions based on education theory and practical considerations.  

Two studies utilizing PAR in the college science classroom provide evidence of 

that this can lead to change in faculty assessment practices. Hanuscin et al. (2007) used 

the action research cycle with a group consisting of a science education faculty member, 

a physics faculty member, two graduate teaching assistants and an undergraduate 

research assistant to incorporate classroom assessment techniques (CATs) (Angelo & 

Cross, 1993) into an introductory physics course for elementary education majors. The 

group collected multiple sources of data including student responses to CATs, transcripts 

of weekly planning sessions, and interviews with students. Results of the study, which 

focused on the students rather than the instructors, showed that at first, students were 

unsure about the purpose of CATs and that there was a discrepancy between the goals of 

the instructors and the goals of the learners. The instructors wanted the students to gain 

an understanding of the content and develop higher-order thinking skills whereas the 

students wanted to earn an A in the course. As the semester progressed however, students 

began to perceive the usefulness of CATs in monitoring their own learning and informing 

the instructors of their understanding before an exam (Hanuscin et al., 2007).  

 Krockover, et al. (2001) also successfully implemented PAR into introductory 

undergraduate science courses with a group of scientists, science educators, teachers, 

graduate students and undergraduate researchers. The data sources measuring student 

learning and perceptions varied depending on the course (biology, chemistry, geoscience, 
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etc.). Results of the study show that the use of concept maps during instruction in the 

chemistry course improved student exam scores. The team researching the biology course 

was able to investigate the relative effectiveness of different instructional approaches 

(models, simulations, etc.) on student learning. The team researching the geosciences 

course found that instructions to activities were often unclear and that questions on exams 

did not closely align with the objectives of the course. The authors of the paper 

recognized several advantages to using these collaborative teams, including 

implementing evidence-based instructional strategies and an increase in accountability of 

science instruction.  

Even though these two studies provide models of interdisciplinary research 

collaborations, they do not specifically explore the impact that this model can have on 

faculty learning. There is still a need for empirical evidence that examines the role of 

PAR as a means for faculty professional development.  

Summary 

 In summary, reform in undergraduate science education is necessary – the fate of 

the U.S. is dependent on innovations in science and technology but students are leaving 

the sciences for a number of reasons, including poor teaching. One promising approach to 

reforming undergraduate science education is through enhancing assessment practices, 

which have been shown to enhance student learning. As a field, we know little about the 

assessment practices and beliefs of science faculty, and from the little we do know, it is 

apparent that new approaches to professional development are necessary in order for 

reform to occur in the college science classroom. 
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PAR is a professional development activity that can be implemented in the 

college science classroom to facilitate reform. Research supports the idea that improving 

faculty assessment practices may provide a fruitful venue towards improving teaching 

and learning in science classrooms and that assessment instruments are a viable option 

for the incorporation of formative assessment practices in the classroom. 

This dissertation study is an important step in understanding how PAR can 

support a college instructor’s professional development in regard to science assessment 

literacy, and it fills a gap in the literature regarding how assessment instruments can be 

used as a tool by college science faculty to improve teaching and learning. In the 

following chapter, I will outline the methods I used to conduct this study.  
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CHAPTER 3 - METHODOLOGY 

 As described in Chapter 1, the purpose of this study is to investigate how 

engaging in PAR and using assessment instruments supports a college science 

instructor’s assessment literacy. In the sections that follow, I will describe the lens in 

which I view this study, the methods used for investigation, my participant and his 

teaching context, the sources of data, and the methods employed for data analysis and 

trustworthiness.  

Paradigm 

As the researcher in this dissertation study, I view truth through a constructivist 

paradigm. The constructivist paradigm assumes that knowledge is a human construct, 

often shared across social groups (Hatch, 2002). In order to reconstruct the interpretation 

of reality by the participant, it is important to spend extended periods of time in the 

setting with the participant. A by-product of spending an extended period of time in the 

setting with the participant is a rich, thick description of the context, enhancing the 

transferability of the findings. Since the constructivist paradigm assumes that truth is not 

objective, I was not a distant and objective observer in conducting the research. 

Consistent with PAR, I was mutually engaged with my participant in the research and co-

constructed an understanding of reality. 

Methods 

While PAR itself is a research method, in this instance PAR becomes the focus 

and context for the dissertation study. Below I outline the case study methods used in the 

study, I describe the participant and his teaching context, and I explain my methods for 

data collection and analysis.  
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Case Study 

Because there is little research available to describe or explain the role that 

instruments and collaborative relationships can play in the development of college 

science instructors’ assessment literacy, I conducted an exploratory case study (Yin, 

2003). This type of case study is appropriate, as I did not anticipate a particular outcome 

and I did not attempt to describe causal relationships. Rather, I was interested in 

exploring what can happen in terms of an instructor’s science teacher assessment literacy 

when collaborative relationships and quality assessment instruments are available, a 

phenomenon which is not well understood. By constructing an in-depth case study, this 

research can help science education researchers and professional developers begin to 

understand what is needed to support science faculty members’ development of their 

assessment literacy. The kinds of detailed descriptions of the context and the participant 

used in case study are important so that readers will be able to imagine the context and 

the experiences the participant had and make judgments about the transferability of the 

findings to their own contexts. 

Context of the Case Study 

The bounds of this case included the collaborative relationship between a college 

science instructor and a science education researcher (myself) engaging in PAR; the PAR 

focused on strategies for implementing assessment instruments in a course taught by the 

college science instructor.  

Recruitment. In order to gain an in-depth understanding of how PAR focused on 

using assessment instruments can be used to support faculty members’ science 

assessment literacy, I sought faculty members who teach college-level science courses to 
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participate in this study through involvement in PAR. Since my data collection was 

limited to a particular semester, I also recruited faculty members who were teaching 

college-level science courses during that particular semester. After surveying course 

offerings at local universities and colleges for that particular semester, I sent recruitment 

e-mails to eligible faculty. The potential participants were then narrowed down based on 

their willingness to participate. One faculty member met the criteria and was willing to 

participate. My participant, Ben (pseudonym), gave informed consent before participation 

began. This included being made aware of the risks associated with being a participant, in 

line with the Institutional Review Board (IRB) approval in May 2014.  

Participant. Ben is a full-time science instructor at a community college. Ben has 

both Bachelor’s and Master’s degrees in Biology. Ben began teaching in informal 

settings in high school where he assisted in workshops for 5th graders and was a camp 

counselor for elementary and middle school students. During his undergraduate 

education, Ben was a teaching assistant for community outreach courses, after-school 

programs, rock climbing courses, and outdoor skills workshops. During graduate school, 

Ben taught laboratory sections for undergraduate biology majors. While still completing 

his master’s degree, he began teaching anatomy & physiology for the community college 

part-time and after two years was hired full-time for his current position, in which he 

teaches biology for majors and non-majors. Ben was in his second year of full-time 

teaching when the study took place.  

 Ben had seriously considered teaching as a career when he was younger, but was 

dissuaded by his family. Ben recalled,  
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 Really, in undergrad, I actually wanted to be a teacher, but my family, who are all 

teachers, advised me strongly against being a teacher. So, my Dad is an 

administrator and my Mom is a school nurse. Almost all of my Dad's brothers and 

sisters are in education as well and have a lot of other experience in education. I 

really like it - they just kind of told me it was a bad idea to do that. They just 

thought I could do something different. Better is probably the wrong word, but 

something along those lines I suppose. Interview 1 

Even though Ben’s family recommended that he not become a teacher, he did so because, 

in his words, “It's a job that I really enjoy and that I'm good at.” 

 Teaching context. The community college Ben works at boasts small class sizes 

and serves a diverse student body. According to Ben, that’s one of the benefits of 

teaching at a community college – “small classroom sizes and that we can emotionally 

connect to our students to some degree.” Interview 1 The course that Ben teaches is a 

non-majors biology course. According to the institution’s website, the course is a survey 

course of how life functions and adapts on earth. Laboratory activities are meant to allow 

students to apply what they have learned in lecture. According to the course catalog, this 

course is required for several degrees, including Associates of Arts, Associates of Arts in 

Business, Associates of Arts in Behavioral Sciences, Associates of Arts in Teaching, and 

Associates of Bioclinical science. Since this course is required for a variety of degrees, 

Ben’s students come from a variety of backgrounds and are pursuing a variety of careers. 

Ben states,  

 You get your automotive technicians, and I don't know what all everyone does. 

You get everyone from someone who's going to fix your car or air conditioner or 
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culinary students. It's also a requirement for some nursing students, apparently. 

So, it's kind of an interesting mix there, because you have people that have 

different backgrounds in the information. Also, all different kind of ages. People 

fresh out of high school, people who have gone to a different university before 

and weren't successful. So, they took some time off and came back a couple years 

later. Then you have people who have got kids that are now 12 or 13. Interview 1 

Compared with the students in the anatomy & physiology courses Ben taught when he 

was a part-time instructor, the students in his current non-majors biology course are quite 

different. Ben states,  

 Normally, I've taught courses that people need to take for their specific majors. 

So, you have really highly motivated people with that specific major, whereas this 

[biology for non-majors] is a course that everybody kind of has to take. Everyone 

has to take some kind of science course, so we aren't getting biology specific 

students. So, that's a bit different there. So, I've been getting students from other 

courses where it was their field like anatomy and physiology classes, they wanted 

to be a nurse, or they wanted to be a dental hygienist and they were highly 

motivated of that subset of people who are typically highly motivated. Interview 2 

Consequently, he felt the students in the non-majors biology course may not be as 

motivated as the pre- health students Ben has had in the past. Another interesting point to 

note is that the institution does not require students to pass an English placement test to 

take Ben’s non-majors biology course. According to Ben, he has “people who write at all 

different levels.” Interview 1 
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 Despite having students that are at very different levels and have a variety of 

backgrounds, according to Ben, the science department is working on a number of 

different innovations to help the students who are taking science classes be successful. 

Ben stated,  

 I think an example of the current administration doing a great thing is we have a 

science study resource suite. It’s kind of this wide hallway that was an unused 

space. They [the administration] are moving the science instructors into that area 

so that their offices are in that area, and it's like a tutoring center, but just for 

STEM classes. We are trying to get more things in there that they [the students] 

can study at different times other than open labs…The science tutors meet there, 

there are muscle models, bone models, and things like that in that area. So, it is 

kind of an area for the science students to get together, group study, and also to 

get help officially through a tutor. Interview 1 

While the administration played a role in department-level programs such as this, there 

were also course-level administrative policies and procedures.  

Approximately 96 sections of the course Ben teaches are offered throughout the 

year (fall, spring, and summer semesters) across five campus (as well as online). These 

sections are taught by over 20 different instructors, many of whom are part-time and 

temporary. Because of the high number of sections and the high turnover rate of 

instructors, the biology department at Ben’s institution defined the objectives for the 

course, the assessment questions used to evaluate student achievement in the course, the 

types of assessments used, and the total points and grading scheme for the course. The 

instructors are strongly discouraged from deviating from the course goals, assessments 
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and the number of points given in the course in order to keep the large number of sections 

similar.  

Role of the Researcher 

I had several roles as the researcher in this study, serving both as a collaborator in 

PAR and the main instrument of data collection for the dissertation study. As the 

researcher of this dissertation, I was responsible for conducting the interviews with Ben 

and documenting our collaboration by taking notes and collecting artifacts. During our 

PAR, I was responsible for prompting questions associated with the action research cycle 

and if our conversation strayed from that, I brought us back. I was responsible for finding 

appropriate assessment instruments and suggesting other assessment strategies and tools. 

During the planning sessions, I was also a sympathetic ear to any struggles Ben was 

having and adjusted my suggestions to his struggles. For example, if Ben mentioned he 

did not have time to implement a certain assessment strategy, I would not push my 

suggestion but instead would offer a more appropriate suggestion that would fit within 

his time constraints. I was also responsible for reviewing Ben’s PowerPoint presentations 

and assessments tools before he implemented them.  

Researcher Bias  

Unlike quantitative research in which data is generated through the use of 

instruments, in qualitative research, the researcher serves as the instrument of data 

collection. Therefore, in order to minimize researcher bias, it is necessary for the 

researcher to be reflective about their assumptions about the participants and the data. For 

this study, my current faculty position, my experiences and education, and my protective 
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feelings toward my participant could potentially lead to sources of bias. In the discussion 

section I will revisit and address these potential sources of bias as I interpret my findings.  

Data Collection 

From the constructivist paradigm, in order to gain an in-depth understanding and 

to build a case study of how PAR focused on using assessment instruments can support a 

college science instructor’s assessment literacy, I collected multiple sources of data; these 

included interviews, recordings of instruction planning sessions and reflections, 

observations and artifacts. Collecting multiple sources of data provided triangulation, 

allowing me to verify my interpretations across multiple sources. Collecting multiple 

sources of data is consistent with case study research and the constructivist paradigm 

because it allowed me to reconstruct the participant’s and my co-constructed view of 

reality.  

Artifacts 

I gathered artifacts of practice such as Ben’s Powerpoint presentations, copies of 

assessments, handouts, and Ben’s interpretation of his student assessment data. A total of 

67 artifacts were collected. Examination of student assessment data (collected as part of 

PAR) focused on how Ben interpreted assessment data (RQ 1f) but student work was not 

directly used in the research and therefore, did not require IRB approval. When Ben 

decided to use an assessment tool, these were evident by the assessment tools themselves. 

These data were useful in understanding Ben’s knowledge of assessment strategies (RQ 

1f). The PowerPoint presentations were also useful during observations in order to 

understand if Ben deviated from the lesson plan during instruction. This was useful in 

understanding Ben’s beliefs about teaching, learning, and assessment (RQ 1a & b). For 
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example, Ben’s values and beliefs revealed in interviews and lesson planning sessions 

may not have reflected what occurred in practice. Ben may also have deviated from the 

original lesson plan based on formative assessment data collected during instruction. This 

data was also useful in understanding how the Ben interpreted data and plans action (RQ 

1f).  

Lesson Planning Sessions  

Lesson planning sessions occurred every day during the semester. Planning 

instruction occurred collaboratively and followed the action research cycle. Therefore, 

the planning sessions involved the following process: 

1. Generating questions 

a. For this topic, what should be assessed and why? (RQ 1c & d) 

b. What existing instruments/items from instruments would be appropriate 

for the assessment of this topic? 

Once the purpose of the assessment and what should be assessed were determined and 

which instrument/items from instruments will be used, we planned for incorporation of 

instruments/items of instruments into Ben’s instruction. If no instruments were found or 

other assessment strategies seemed appropriate, we planned for the incorporation of other 

assessment strategies.  

2. Planning actions 

a. How can this instrument/items from instruments/other assessment 

strategies be incorporated into instruction? (RQ 1e) 

Once instruction was planned, student data from the assessment was collected during 

classroom instruction and then analyzed. 
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3. Collecting, analyzing and interpreting data 

a. What does the data from the assessment say about student knowledge of 

the topic? (RQ 1f).  

Once the data was analyzed and interpreted, new questions were asked based on the data. 

Depending on the data, questions were asked about the same topic or the next topic 

covered. 

4. Generating new questions 

a. What steps should be taken next in terms of instruction? 

Below is a figure depicting how our work specifically followed the action research cycle 

with an example excerpt.  
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Figure 3: Our action research cycle

ASKING QUESTIONS 

For this topic, what should be assessed and why?  

Ben: Artificial and natural selection. I usually do something with the fox experiment 

and all the plants related to mustard plants. Evidence for evolution. The Hardy-

Weinberg principle. Define what a species is. Isolating mechanisms.  

What existing instruments/items from instruments would be appropriate to assess 

that?  

Morgan: We can look at the CINS to see if it fits with your goals.  

 

PLANNING ACTIONS 

How can we incorporate this assessment into instruction? 

After looking through the CINS: 

Ben: I like that the concept inventory and how it has 

scenarios and laying out those questions might be a good 

way to do it.  

I’ve got a video on the finches so I thought we would watch 

the video and then go over questions on the finches [from the 

CINS]. 

COLLECTING DATA  

How did students respond to the assessment? 

Ben: It was kinda interesting that they couldn’t answer or were hesitant to 

answer questions from the CINS. So I’m glad I put that in.  

 

INTERPRETING, REFLECTING, ACTION-TAKING 

What does the data reveal about student knowledge? 
Ben: [The activity] took longer than I thought it would because I 

thought someone would answer. But they were all hesitant. So I 

thought it was important to explain why the wrong answers were 

wrong… So that surprised me. I didn’t plan to do that. 

What should we do next? 
Ben: I used these scenarios for the lab I’m writing for next 

semester. Especially since they couldn’t answer the questions.  
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During lesson planning sessions, Ben and I also decided what assessments and 

strategies could and could not be incorporated into instruction based on Ben’s perceived 

barriers (RQ2). During these conversations, we also discussed what was challenging and 

beneficial in engaging in PAR (RQ3). All planning sessions were recorded, all the 

recordings were analyzed and the coded recordings were selectively transcribed for 

inclusion as evidence.  

Reflections 

Along with lesson planning sessions, we reflected daily on what went well and 

what could be improved in terms of the previous class period. The reflections were 

unstructured conversations that were initially prompted by the participant but eventually 

became a part of our lesson planning sessions. The content of these conversations varied 

and therefore were useful in answering all research questions. Some reflections revealed 

aspects of Ben’s science assessment literacy (RQ1), potential barriers and facilitators to 

implementing assessments in the classroom (RQ2) and/or benefits and challenges of 

engaging in PAR (RQ3). All reflections were recorded and then were analyzed. The 

coded recordings were then selectively transcribed for inclusion as evidence.  

Observations 

I collected observations in the form of field notes of class sessions every day 

during the semester. The observations focused on the content of the lesson, the 

instructional strategies used to deliver the content, the assessment strategies used 

(including formative and summative, quizzes, and dialogue), the efforts Ben made to 

elicit student difficulties, misconceptions and prior knowledge, Ben’s response to student 

questions and difficulties, and the extent to which Ben followed his lesson plan (See 
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Appendix A for protocol). As stated earlier, observations (along with instructional 

artifacts) were useful in understanding if Ben deviated from the original lesson plan. If 

Ben deviated from the original lesson plan because his assessment practices did not 

reflect his stated values and beliefs that was useful in understanding his beliefs about 

teaching, learning and assessment (RQ 1a & b). If Ben deviated from the original lesson 

plan to tailor instruction to meet his students’ needs, that deviation was used to 

understand his knowledge of interpretation of data and action-planning (RQ 1f). 

Observations were also useful in understanding barriers (RQ2) and/or benefits and 

challenges (RQ3) to implementing strategies and assessments by observing reactions of 

Ben’s students or colleagues.  

Interviews 

In order to understand the nature of the relationship between a college science 

instructor and me when collaboratively planning instruction for an undergraduate science 

class, I conducted the Seidman (2006) three-interview series. The Seidman (2006) three-

interview series is an in-depth, phenomenological based interview technique. 

Phenomenological principles are at the root of most qualitative work and are focused on 

understanding the life experiences of an individual. Individual behavior becomes 

meaningful and understandable when placed in the context of their lives; therefore, a 

phenomenological-based interview series is appropriate for reconstructing the 

participant’s reality (Seidman, 2006). The purpose of the interview series was to gain an 

understanding of the life-history of the participant as well as allow the participant to 

reconstruct details related to the topic of the interviews. The series involves three 

interviews because the interviewer can understand the participant’s experience better by 
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understanding the participant’s context of their lives. Therefore, the purpose of the first 

interview is to understand the context of the participant’s life and his/her life history. The 

purpose of the second interview is to understand the details of the participant’s life of the 

experience in question. The purpose of the third interview is to ask the participant to 

reflect on the his/her meaning of the experience (Seidman, 2006). For this study, the first 

interview was conducted before the collaborative planning of instruction began and 

focused on the instructor’s background, beliefs about teaching, learning and assessment, 

and prior experiences using assessments (RQ1). The second interview was conducted 

half-way through the semester and focused on the instructor’s perceptions of the process 

of PAR to that point and aspects of assessment literacy (RQ1 & 3). The third interview 

was conducted at the end of the semester in order to help the instructor reflect on the role 

that collaborative relationships and instruments can play in the college science classroom 

(RQ 2&3). Each interview lasted approximately an hour and were transcribed verbatim 

(See Appendix B for protocols).  

Time Line 

Below is a table summarizing the timeline for the study along with when and how 

data were collected. 

 

Table 2  

Summary of timeline for study 

Time Phase of PAR Phase of Inquiry Data Collection 

1 month 

before data 

collection 

began 

Initial planning 

meetings to set 

norms and 

schedule 

Submission and 

approval from IRB 

N/A 
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During the 

semester 

Daily meetings 

(before or after 

class sessions) to 

plan instruction 

 

 

Data collection 

 Interviews 

 Observations 

 Instructional 

planning 

meetings 

 Gathering of 

artifacts 

Peer debriefing 

Conduct, record and 

collect interviews, 

planning sessions, 

observations and 

artifacts 

Debriefed with peer 

before and after each 

interview 

1 month after 

data collection 

began 

N/A Conduct member checks N/A 

 

Data Analysis 

During data analysis, I managed the data with QSR NVivo 10. The artifacts were 

saved in NVivo as pdfs, Word documents or Powerpoint file. The lesson planning 

sessions and reflections were saved in NVivo as audio files and coded in that format. 

Only selected sections of the audio files were transcribed for use as evidence of claims 

made. The observations were saved in NVivo as Word documents and the interviews 

were transcribed and saved as Word documents. Analysis included both deductive and 

inductive analysis. Deductive analysis was used when coding for the four types of 

assessment knowledge from the science assessment literacy model. Inductive analysis 

was used while coding for beliefs about teaching, learning and assessment, as well as 

benefits and challenges of using assessment instruments and engaging in PAR. 

Deductive Analysis 

I deductively coded the interviews, the recordings of the lesson planning sessions 

and reflections, the observations and the artifacts (Hatch, 2002) using the four types of 

assessment knowledge outlined in the science assessment literacy model (Abell & Siegel, 

2011) as typologies: knowledge of the purpose of assessment, knowledge of what to 

assess, knowledge of assessment strategies and knowledge of interpretation of assessment 
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data. In typological analysis, researchers predetermine how they will group the data; 

therefore, the first round of coding involved reading the data and marking entries related 

to the four types of assessment knowledge. I coded all of the data sources together, 

looking for each type of assessment knowledge across the different data sources. For 

example, Ben indicated in the interviews that one of the purposes of assessment is to 

allow students time to process information. During planning sessions, Ben indicated that 

he uses questions throughout his Powerpoint presentation to slow himself down and to 

help his students process the information. Sometimes the questions Ben interspersed 

throughout his presentations were items from assessment instruments (observations). 

These instances in the data were coded as “knowledge of the purpose of assessment.”  

Once all of the data sources were coded by typology, I reread all of the entries by 

typology and recorded a summary of the data. At this point in the analysis I did not 

attempt to interpret and explain the data set as a whole; rather, I focused on summarizing 

the specific data coded within each typology. For example, throughout the semester, Ben 

indicated that he had several purposes of assessment, such as informing instruction and 

facilitating student learning. All of these were coded as “knowledge of the purpose of 

assessment.”  

Next, I proceeded with data analysis by noting patterns and themes within 

typologies. Once patterns and themes were identified, I searched the data to find evidence 

to support my themes and used negative case analysis to search for non-examples of my 

themes. Then I grouped related themes, described the relationships between the themes 

and provided evidence to support those relationships. The themes, relationships between 

those themes and the evidence were used to write the findings. For example, even though 
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Ben stated several purposes of assessment, there was little evidence of him implementing 

assessments in a way that aligned with his purposes. Even though ideally, he would like 

assessments to be used to correct misconceptions, most of the time, the actual 

implementation was used to prepare students for future assessments. These future 

assessments were almost always department-mandated and seemed to effect Ben’s 

practices. The table below shows a sample excerpt from multiple data sources, how each 

excerpt was labeled by typology (four components of assessment literacy) and coded.  

 

Table 3 

Sample data and analysis 

Data Excerpt Data Source Assessment 

Literacy 

Codes 

“That one about the scientific 

method but we talk about it and 

that’s more like that they’re going to 

get on their final. I don’t want to 

teach to the test but, I think in a way, 

if you half or more of your test is 

based on these questions and that’s a 

big portion of your grade, you have 

to teach to the test.”  

 

Lesson 

planning 

meeting 

transcript 

Knowledge of 

the purpose of 

assessment 

 

 

Purpose of 

assessment 

“I think assessment helps you see 

what people understand and helps 

you fix what they didn't understand.” 

Interview 

transcript 

Knowledge of 

the purpose of 

assessment 

Purpose of 

assessment 

When showing the three basic shapes 

of prokaryotes, P states, “this may 

seem silly but this is a department 

goal for you to know these. These 

will be on the lab final so be sure you 

know these even though it seems 

insignificant.”  

Observations Knowledge of 

what to assess 

 

Knowledge of 

the purpose of 

assessment 

Teaching to 

the test 

 

Knowing 

department 

assessment 

questions 
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Inductive Coding 

I also inductively analyzed my data (Hatch, 2002) to understand Ben’s beliefs 

about teaching, learning and assessment, to understand Ben’s perceived barriers and 

facilitators in using assessment instruments and to understand the benefits and challenges 

of engaging in PAR. Inductive analysis involves making connections between specific 

elements. Once connections are found, general statements about patterns can be made. 

For inductive analysis, I read through the data in order to decide how broad or specific 

my analysis would be. I decided that my unit of analysis should mirror my research 

questions. For example, I coded for potential barriers, benefits and challenges to 

engaging in PAR and using assessment instruments.  

Once I framed the units of my analysis, I began looking for relationships across 

my data, assigned relevant relationships a code, and put non-relevant relationships aside. 

I officially conducted data analysis at the end of data collection; however, I found myself 

anticipating codes and noticing patterns during data collection so that I was able to 

collapse some codes immediately upon coding data. For example, there were several 

times in which Ben mentioned that time and constraints within the department would 

prevent him from using certain strategies or assessments. Since I was able to think about 

these constraints during the entire semester, I was able to collapse all those constraints as 

one code – “potential barriers.” Because I was able to reflect about my data during an 

entire semester, I was able to collapse all of my codes with relative ease. Once codes 

were identified, I reread the data with these codes in mind, looking for evidence for each 

code as well as negative cases, revising the coding scheme as necessary. Then I grouped 

related codes and organized my findings with codes and evidence to support each code. 
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For example, I realized I had two codes, “factors that make the job more difficult” and 

“potential barriers” that could be grouped together as “barrier.” I ended up with 26 

categories of codes that were exclusive of each other and that could not be collapsed 

further. Below is a table listing all of my categories of codes with the number of sources 

and references.  

Table 4 

 

Code Frequency and Sources 

 

 

Code Number 

of Sources 

Number of 

References 

I. Background of Participant  1 9 

II. Participant experience    

A. Benefits of PAR 1 14 

B. Challenges with PAR 1 9 

C. Collaborative planning 9 41 

D. Future role 1 13 

E. Notes about methods 12 17 

F. Use of instruments 28 113 

III. Characteristics    

A. Characteristics of students 2 7 

B. Characteristic of institution 1 9 

IV. Potential barriers    

A. Potential barriers to teaching 27 60 

1. Factors that make the job more 

difficult 

12 33 

B. Overall happiness 2 3 

V. Relationships    

A. Relationship with administrators 9 18 

B. Relationship with instructors 2 3 

C. Relationship with students 1 3 

VI. Science Assessment Literacy    

A. Beliefs about teaching and learning 22 70 

B. Beliefs about assessment 28 60 

C. Knowledge of assessment strategies 89 555 
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Trustworthiness 

Trustworthiness in qualitative research is parallel to validity and reliability in 

quantitative research. Validity and reliability are important concepts to take into account 

when conducting quantitative research because they are measures of how closely the 

results reflect what is actually occurring in reality. For experiments and statistics, validity 

is achieved through proper sampling techniques (often large samples that are normally 

distributed) and appropriate statistics. Reliability is a test of consistency across time and 

contexts (Gregory, 1992). Qualitative research aims to accurately reflect reality in an 

empirical and systematic process as well, but the methods and assumptions are often 

different. Qualitative studies can have very small sample sizes and are context-bound; the 

traditional methods to measure validity and reliability are therefore irrelevant. Thus, 

D. Knowledge of the purpose of the 

assessment 

18 34 

E. Knowledge of what to assess 22 57 

F. Interpretation of assessment data 45 159 

1. Deviation from lesson planning 8 9 

2. Reaction to student answers 6 10 

3. Response to student questions, 

difficulties and reactions 

30 73 

VII. Participant knowledge   

A. Knowledge of science curriculum 33 111 

B. Knowledge of science instructional 

strategies 

60 180 

1. Reflection over new instructional 

strategies 

16 31 

2. Justification for strategies 1 1 

C. Knowledge of students 38 99 

VIII. Other 4 6 

A. Content 5 6 

B. Factors that enhance the job 1 3 

C. Classroom management 1 1 
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qualitative studies need to have different procedures to measure how closely the results of 

a study align with reality.  

Lincoln & Guba (1985) argue that in order for a qualitative study to be 

trustworthy, it must meet four criteria: credibility, transferability, dependability, and 

confirmability. Credibility (internal validity) is a measure that a study is actually 

measuring what it intended to measure, transferability (external validity) is the extent to 

which findings can be transferred to different contexts, dependability (reliability) is a 

measure of the consistency of the results, and confirmability (objectivity) ensures that the 

results are from the data, not from the biases of the researcher. These four criteria of 

trustworthiness can be achieved through a variety of methods (Lincoln & Guba, 1985). 

By using multiple data sources and confirming the findings across data sources, I 

achieved credibility and confirmability. By spending an extended period of time in the 

context, I achieved credibility and transferability. Providing sufficient descriptions of the 

context and Ben using the multiple data sources ensured transferability. Peer debriefing 

occurred before and after each interview to ensure interview questions were not leading. 

If any of them were leadings, the questions were revised.  

Member Checking 

In order to ensure that my findings reflect reality and not my biases, I reviewed 

my interpretations with Ben through member checking at the end of data analysis. Ben 

and I met and I reviewed my interpretations by reading my findings to Ben or by asking 

Ben to read my findings. Ben agreed with my interpretations with one exception. One of 

my findings was that at the beginning of the semester, Ben had some ideas about 

assessment that did not seem aligned with his beliefs about assessment. One example 
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occurred when discussing how developers of instruments will use common 

misconception as distractors as answers in multiple choice questions. Ben thought that 

distractors based on common misconceptions were not beneficial to students. However 

during our member checking, Ben stated that he did not feel that way – he thought that 

talking through why particular answers are wrong is helpful for the students and that just 

handing back a graded paper without discussing the misconceptions is not useful for the 

students. My findings were adjusted in light of this.  

I reviewed and debriefed interview transcripts with my peers after each interview 

to make sure my questions were not leading, and to identify instances in which my 

wording may have influenced the participant’s response. See Table 5 for a summary of 

methods that I used to establish trustworthiness for this study (Lincoln & Guba, 1985). 

 

Table 5 

Methods for establishing trustworthiness 

Criteria Methods 

Credibility Confirming themes across multiple sources of data 

Member checking 

Extended period of time in context 

Transferability Describing context from multiple data sources 

Extended period of time in context 

Dependability Using multiple sources of data that overlap 

Member checking 

Confirmability Reflecting on researcher bias 

Member check 

Analyzing data for negative cases 

Peer debriefing 
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 Summary  

The purpose of this study was to investigate how engaging in PAR while using 

assessment instruments supports a college science instructor’s science assessment 

literacy. In this chapter, I described the paradigm I used for this study, the methods of 

investigation, my participant and the teaching context, the sources of data, and the 

methods used for data analysis and trustworthiness. In the next chapter, I will present the 

findings of this study in response to the research questions outlined in Chapter 1. 
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CHAPTER 4 – FINDINGS 

The purpose of this study was to investigate how engaging in PAR focused on 

using assessment instruments could support the development of a college science 

instructor’s science assessment literacy. In this chapter, I present my findings in relation 

to each of the research questions. In response to the first research question, I provide a 

characterization of Ben’s science teacher assessment literacy (Abell & Siegel, 2011). In 

response to the second research question, I describe benefits and challenges that Ben 

encountered implementing assessment instruments. Finally, I discuss Ben’s perception of 

the barriers and facilitators of engaging PAR, and conclude with his thoughts on the 

future role of PAR and assessment instruments in the college science classroom. All 

excerpts provided as evidence include an annotation of the data source from which they 

came. For example, lesson planning sessions and reflections are denoted as “LP,” 

interviews are denoted as “interviews,” and observations are denoted as “observations”.  

Ben’s Science Assessment Literacy 

 The first research question was concerned with the ways in which engaging in 

PAR focused on implementing assessment instruments supported a college science 

instructor’s science assessment literacy. Specifically, I was interested in understanding 

the ways in implementing assessment instruments during PAR contributed to Ben’s (a) 

beliefs about teaching and learning; (b) values and principles of assessment; (c) 

knowledge of the purpose of assessment; (d) knowledge of what to assess; (e) knowledge 

of assessment strategies; and (f) knowledge of action-taking and interpretation of 

assessment data. In the sections that follow, I characterize Ben’s assessment literacy 
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according to each of these dimensions of the Science Teacher Assessment Literacy 

Model (Abell & Siegel, 2011). 

Beliefs about Teaching and Learning 

Since a teacher’s beliefs about teaching and learning influences all aspects of 

teacher practice, beliefs about teaching and learning are the core of the Science Teacher 

Assessment Literacy Model (Abell & Siegel, 2011). At the beginning of the semester, 

Ben held several beliefs about teaching and learning, including ideas about how science 

should be portrayed in the classroom, the role of students, and the role of the instructor. 

However, Ben experienced tension throughout the semester as he recognized 

misalignment between his beliefs and practice. Through engaging in PAR, Ben became 

more confident in his beliefs, and more willing to voice those to colleagues.  

How science is portrayed. Ben held several beliefs about how science courses 

and curricula should portray science to students. Ben’s ideas for how a science lesson 

should be organized mirrored ideas from the 5E learning cycle (Bybee et al., 2006). 

Ben’s ideas science lesson began with an introduction that engaged and excited the 

students, followed by an activity, then a discussion to clear up misconceptions, followed 

by an activity that allowed the students to apply that knowledge, and ending with an 

assignment. During the first interview, Ben stated,  

 I think if we had some sort of an introduction… here's the background that they 

need to know, and we could add excitement to the background…and then some 

kind of activity that helped them learn some sort of principle of that… some sort 

of experiment that shows them the basic details and gets them excited about more 

in-depth information. Then, maybe discussion afterwards that cleared up any 
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misconceptions, and then went to the next level that's harder to do an activity 

on… [Then] give them an assignment that relates to what we did that day. I 

suppose in the ideal world, the afterwards assignment would be to help them 

process what they went through that day. 

Ben also felt that content presented in the course should be relevant to students’ 

lives. During his interview, he stated,  

Ideally, I think it would be good if we could have content that was based on their 

life, especially with life science. I mean, everyone's alive, so basic things that are 

important to life are reasonable things to teach in a life science class. Interview 1  

Ben also believed that all students should be science literate and therefore, science should 

be portrayed in a way to show that all students are capable of doing science. In his own 

words, he stated, “Instead of making science this thing that's unapproachable and 

something that only scientists can do…Everyone should be science literate.” In terms of 

how science should be portrayed in the classroom, Ben stated, 

Science isn't just something that scientists do. That you can use the scientific 

method in guiding other decisions. Science isn't just something for scientists. 

Other people should be able to access it and understand it. That people get an 

understanding of the world around them somewhat. That they can be informed 

and make informed decisions, or know a reputable person. Interview 1 

These excerpts show that Ben believed that science should not be portrayed as a subject 

for only a select few but should be approachable for all students. Ben’s ideas about how 

science should be portrayed in the classroom did not change during our engagement in 
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PAR. When asked about these beliefs again, he stated, “I still feel that way, particularly 

for this class.” Interview 3  

Role of the students. At the beginning of the semester, he did not think that the 

students should be completely responsible for their own learning, because there are free 

resources available to learn from, such as library books and free online classes. He also 

believed that students learn best when they are active participants. In his first interview, 

he stated, “They should be involved in learning. They should feel free to ask questions, 

and they should be comfortable asking questions… I think that students do best when 

they participate.” By the end of our PAR, Ben’s beliefs about the students’ role in 

learning had shifted so that the students should have more responsibility. In his third 

interview, he stated,  

 I think I've made them a little more responsible for their own knowledge now. So, 

I'll give them an introduction, and then teach them more by asking maybe more 

in-depth questions. So, I never told them outright that phosphates in detergent is a 

big cause for eutrophication, but most of them told me that on their test because 

we had the question. I was like, "Why would you ban phosphates in detergent? 

Explain." So, I think helping them make the connections during the lecture that 

way instead of just saying, "This is why we ban phosphates in detergent." I think 

I've done a better job of that this summer, and I think that seems to be really 

useful. 

These excerpts show that Ben’s beliefs about responsibility seemed to have shifted during 

the semester. He had always thought that when students actively participate in class, they 

learn better. But at the beginning of the semester, he thought that the one that was 
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responsible for learning was also the one that contained the knowledge (e.g. himself or a 

library book).By the end of the semester, Ben believed that giving students more 

responsibility for their learning meant making them active participants of their learning.  

 Ben reiterated the belief that students should take responsibility in their own 

learning and should be active participants in class through discussion several times 

throughout the third interview. For example, he stated,  

 It would be nice if they would discuss with me and talk to me. I think they need to 

let me know what they don't know, and they need to let me know what they don't 

understand so I can help them understand it. I think they need to come somewhat 

prepared, whatever that means. Maybe preview the material or even just be 

prepared to learn that day. I probably answered more this time on them discussing 

me, because we struggle so much with them discussing until the very end of the 

summer. Interview 3. 

Thus, Ben’s views of students’ roles in the learning process were linked to his views of 

his own role.  

Role of the instructor. Ben viewed his ideal role as that of facilitator. He felt that 

his responsibilities as a teacher were to lead the students in the right direction, clear up 

misconceptions, and foster passion for the subject. In his own words, he stated,  

I'm pretty strongly on the idea that it's not 100% their [the students’] job to learn it 

because there's a whole lot of options where you could go to the library and read a 

book on biology. So, I have some role. They pay me to do something. They pay to 

listen to me talk to them. So, I think to help to steer them in the right direction, 

clear up misconceptions, and maybe help them find a little bit of passion for the 
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topic hopefully… maybe that's sort of my role. I guess I said direct, clear up 

misconceptions, and help them see why it's important. Interview 1 

He was unwavering in these beliefs throughout the semester, indicating he still felt that 

his role as an instructor should be a facilitator and that science should be presented in a 

way that is approachable and doable.  

In terms of his role, during his third interview, he showed a shift toward his ideas 

about his role in relation to students’ roles:  

I think to facilitate discussions, help them acquire knowledge and understand 

concepts I suppose, and to guide them. They pay me for something, right? So, I 

don't think that they should just have to learn everything on their own, and I don't 

think that's very effective. Interview 3 

Based on his beliefs regarding the role of the students and his role as an instructor, 

towards the end of the semester Ben began to believe that he should share responsibility 

for student learning with the students.  

Ideal role versus reality. At the beginning of the semester, it became evident that 

Ben’s beliefs about teaching and learning did not match the way he implements his 

courses. From his perspective, this was the result of a tension between his desired 

approach and the expectation to cover content. Given the constraints of the course and the 

institution, Ben expressed that he was not able to implement his course in a way that 

aligns with his beliefs about teaching and learning. In his first interview, he qualified his 

beliefs with the word “ideally.” He stated that his ideal role is to be a facilitator and that 

ideally, he would cover less information and present the material differently. The labs 

could be more active and the content could be more relevant to the students’ lives. 
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Because of this tension, Ben often became frustrated. For example, during a 

lesson planning session at the beginning of the semester, Ben struggled with the type of 

information he had to present, particularly the memorization of terms, and his beliefs 

about how science should be portrayed. He stated,  

I think that they should be science literate. I think that's a good goal for [this 

class]. I struggle with how many terms they should memorize. I don’t know if 

memorizing a whole bunch of terms is necessarily going to make you science 

literate. And sometimes if anything, memorizing a whole bunch of terms makes 

you fear science more and less science literate because you get stuck with this is 

something you can't understand. LP_11 

Ben mentioned several times that he wished he could implement the course differently or 

in a better way, but he was not sure how. For example, in terms of his role, he stated,  

 Ideally, I would be a facilitator that helps them understand information. I think I 

play that role somewhat…Ideally, I think that would be better, but that's not really 

what I do just yet. I'm not sure how to implement that a little bit better without 

putting the emphasis for making learning 100% their responsibility. 

In terms of the amount of content, he stated, “Ideally, we would cover a little bit less 

information, and do it a little bit differently.” Interview 1 And in terms of lab, he stated, 

“That's another thing that I think I could do a better job at, particularly in labs, helping 

them be more active.” Interview 1 Even toward the end of the semester, Ben became 

frustrated with how the course was set up. Ben felt that amount of the material in the 

amount of time was unreasonable for his students. During one lesson planning session 

toward the end of the semester, he stated, “I feel bad for the students because biology is 



59 

 

wonderful, but biology this way is not wonderful.” LP_40 He also felt that he had to 

present the content to the department expected for fear of getting in trouble. For example, 

when I asked his why he included certain content just because his colleagues do, he 

stated, “I worry about it [not presenting certain content] may be an issue. I do put it in 

there [the Powerpoint] in case it comes up.” LP_41  

 When discussing how best to implement lessons, toward the end of our PAR 

sessions, I noted Ben becoming resistant to my suggestions. He commented that he felt 

“trapped in things.” LP_49 During his third interview however, his ideas about how to 

implement the course in a way that incorporated his beliefs—but still within the confines 

of the course—seemed more possible. He stated, “Maybe it just seems a little more 

feasible and doable now.” In addition, through PAR Ben became more confident and able 

to articulate his beliefs. For example, in his third interview, he reflected on his ability to 

express his beliefs, “I was just a little more rambly in the beginning, because I was like, ‘I 

don't know what my ideal is.’” 

Assessment Values and Principles  

At the beginning of the semester, Ben had several ideas about assessment 

practices and tools including characteristics of good and bad assessment, and specifically 

what makes assessment “fair” to students. These concerns about the fairness of 

assessments were reflected in the value he placed on course assessments and the way he 

spoke to his students about assessments.  

Characteristics of “good” and bad assessment. Ben valued assessment as a way 

to promote students learning and retention; for example, he stated,  

I think assessment can also help them retain knowledge, because then they have to 
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study a little bit and process it on their own instead of just coming in and having 

me get up there and chat at them. …To correct misconceptions, help with 

retention of knowledge, and help them process it. Interview 1  

He felt that the way that the department assessed students (referring specifically to 

the department-given multiple choice questions) was not the only way to assess student 

understanding, and that those types of assessment tools may not be the most effective in 

achieving the outcomes he valued. In fact, he felt these types of assessment tools could 

even induce stress and inhibit student learning. As he described it, “Here, take this test 

over 7 chapters…I don't think that's a good assessment. I think that just causes a lot of 

stress, and makes biology something people hate instead of something people love.” 

Interview 1  

 Ben explained that since he did not feel that the department-driven assessments 

were very effective, he used other forms of assessment tools and practices such as giving 

quizzes and talking to his students about the content covered in lecture. However, he 

indicated that he did not know if these assessment tools and practices were effective, and 

felt they may not accurately reflect student understanding. Nonetheless, he did not know 

of any other assessment strategies.  

 I give quizzes more to help them study and retain information. I don't know that it 

shows how well they understand things, because you can get the right words but 

not understand what you're talking about….I do think that's a struggle for me to 

show. Some people you can talk to them, and they'll seem to have a working 

understanding of the topic, but then do poorly on quizzes and exams. So, I don't 
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think it's necessarily a very good reflection, but I'm not sure of a better way to 

gauge it. Interview 1 

This particular excerpt also illustrates the interconnectedness between the various 

components of the science teacher assessment literacy model. Because Ben valued 

assessment for its potential to help students learn (assessment principles and values), he 

implemented the assessment practices and tools that he felt would accomplish that 

(knowledge of assessment strategies). However, he was unsure whether his assessment 

tools and practices are effective in eliciting student understanding (knowledge of 

interpretation and action-taking). Because of his lack of knowledge of assessment 

strategies, he does not know of other assessment tools and practices.  

 Assessments should be fair. A recurring part of Ben’s discourse about 

assessment related to his belief that assessments should be fair – specifically, instructors 

should model the types of questions that will appear on summative assessments and that 

assessments should be aligned with course goals. For example, at the beginning of the 

semester, he stated, 

I think it’s important, if you ask that kind of question on the test that you would 

have that kind of question modeled on your PowerPoint. Or modeled someplace 

else. LP_3 

In response to a question as to why he uses class time to conduct review sessions, he 

states a similar view of the importance of modeling assessments. 

I like this idea because the way they get their points by actually taking a test and 

so I think it helps model how to take a test and what our test will be like and I 

think that I can give them strategies on how to take a test in this format. LP_15 
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Ben felt it was important to model assessment questions so that there were no surprises 

for students on assessments.  

I do think it’s good to have your quizzes similar to your test to help people know 

what they are getting testing over. I think that’s fair. I feel like you have to model 

the types of questions you want to ask. You need to model the behaviors you want 

them to do, how to use the information. I don’t believe, some people give them 

the test questions before the test and then they chuckle to themselves about how 

they still can’t get it. And I’m like okay, ‘do you ever talk about how to answer 

that or the process you use to come to those conclusion with them.’ Reflection and 

LP_41 

Ben’s ideas about the fairness of assessments also seemed to influence how he 

spoke to his students about assessment. During the review for the final lab practical, I 

observed Ben read through each of the department-mandated objectives and he either 

expanded on the objective or told the students not to study certain objectives. For 

example, when Ben came to the objective concerning fossils, he told the students to not 

worry about that objective, to just know that life originated from the ocean. When asked 

about this, he stated the objectives are not aligned with the department-provided 

assessment questions.  

It wasn’t an objective but it looks like it is. ‘Be able to use these evidences to 

explain evolution. Understand fossils.’ Well, what the lab [practical] is asking if 

[life] comes from the ocean or the land. That’s [the department designed] 

question, but telling them to use fossils to understand evolution sounds like they 

have to identify. LP_49 
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 His belief about the importance of aligning assessments with objectives affected 

the way he spoke to his students about assessment. In one instance, Ben told the students 

to not worry about the objective related to frog dissection and when I asked him about 

this he stated, “The details in the lab go into the major blood vessels so they [the 

students] can get panicked in trying to memorize all that when it’s not assessed and it’s 

not the objective of the lab.” LP_49 This excerpt shows that Ben’s assessment values and 

principles affected the way he spoke to his students about future assessments.  

Knowledge of the Purposes of Assessment  

At the core of the Science Teacher Assessment Literacy model are beliefs about 

teaching, learning and assessment. Surrounding the core are four types of assessment 

knowledge, one of which is knowledge of the purposes of assessment. Ben identified 

several purposes of assessment – he thought that assessment could inform instruction and 

facilitate student learning. Ben often experienced a conflict between what he viewed as a 

purpose of assessment and the purposes dictated by the course policies and departmental 

requirements. 

Assessments can inform instruction. One belief that Ben expressed at the 

beginning of the semester was that assessments could be used to inform his teaching. For 

example, he expressed this in his own words during his first interview when he stated, “I 

think assessment helps you see what people understand and helps you fix what they didn't 

understand.” Interview 1 

Assessments can facilitate student learning. At the beginning of the semester, 

Ben identified another purpose of assessment was to facilitate student learning by 

correcting misconceptions, helping students process and retain information, and by 
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helping his students develop metacognition. He stated that assessments could be used to, 

“to correct misconceptions, help with retention of knowledge, and help them process it.” 

Interview 1. Indeed, when I asked his what the purpose of assessment questions 

throughout his presentation were, he stated, “Ideally, it would be either to clear up a 

misconception or help them reflect over the information that we just went over.” 

Interview 1  

There is evidence to suggest that his belief that assessments should help correct 

misconceptions was aligned to his practice. During two lesson planning sessions, he 

stated, “I think the review could be good to go over [in class] because that would be a 

time to find more of those misconceptions” LP_13 and “I like to go over the quiz 

immediately so they know what they did right or wrong so they don’t stick with their 

misconception for a long time.” LP_16 This excerpt shows that a purpose of assessment, 

not necessarily the assessment itself, is to help correct misconceptions. 

Ben also saw that another purpose of assessment is to allow his students to 

metacognitive about their knowledge. His reasons for using quizzes and practice tests 

included, “if you get something wrong you learn from it. So I think getting things wrong 

where it doesn’t cost you any points is better than getting things wrong where is affects 

your grade. And it can tell you oh good I got this or I have no idea” LP_17 and “It really 

gives them an idea of what they know and what that don’t know. LP_49 

Disparity between his beliefs and practices. Ben’s beliefs about the purposes of 

assessment and his actions throughout the semester did not seem aligned. Even though 

Ben expressed that the purpose of assessment was to inform teaching and help students 

learn, in practice, it seemed that the purpose of his assessments was to prepare his 
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students for the department-mandated end-of-course assessments. Ben had to give 50 

multiple choice questions on his final (worth half of the points on the final) and he had to 

give a final lab practical in which the questions could not be changed. Ben felt that the 

questions on these finals were “weird” LP_2 but since he could not change them, he felt 

that he had to prepare his students for these questions in or order for his students to be 

successful. One example of how these final assessment questions affected Ben’s 

assessments was when we were writing an assessment question over the scientific 

method. Instead of writing questions that included an experiment and the scientific 

process in order to reiterate that science is not a linear process, Ben insisted that we 

needed to write a question about the scientific method that was similar to the questions 

the students would encounter on their final exam. The questions related to the scientific 

method on the final exam portrayed that science is a step-wise process. One such 

example of the question is shown in Figure 4.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Example question on the scientific method 

 

In light of this, one of the assessment questions Ben used in his presentation on the 

scientific method was “After you make an observation what is the next step in the 

After you have performed an experiment and collected data, what is the next step 

in the scientific method? 

A. Ask a question. 

 B. Analyze the data. 

 C. State the hypothesis. 

 D. Make careful observations 
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scientific method?” He indicated that he used this question because it was similar to the 

questions the students would encounter on the final. Ben stated,  

That one about the scientific method…that’s more like what they’re going to get 

on their final. I don’t want to teach to the test but, I think in a way, if half or more 

of your test is based on these questions and that’s a big portion of your grade, you 

have to teach to the test… It would be awful if you had a great understanding of 

biology and get a C. I want them to understand things obviously. I think everyone 

should do well because I care about them and want them to be successful but I 

think if you understand biology but can’t pass these weird questions it does no 

one any good and makes them more upset and think that biology is this horrible 

thing you can’t do. LP_2 

Not only does this excerpt shows a misalignment between his knowledge of the purpose 

of assessment and his practice, but it also reiterates the fact that the factors within Science 

Teacher Assessment Literacy Model are highly connected. Ben values assessments that 

are “fair” and therefore, in his practice, one of the reasons he implements assessments is 

to prepare students for the department-mandated assessments.  

One reason why Ben incorporated assessment questions into his presentations was 

the number points in the class (the grading scheme for the course) dedicated to 

summative assessments. Ben viewed the assessment questions in his presentations as 

serving two purposes - to prepare his students in answering the types of questions found 

on the final exams, and to support his students in answering questions and sharing their 

ideas in general. Since Ben has no say in the grading scheme of the course and 

approximately 30% of the students’ grade in the course comes from department-



67 

 

mandated end-of-course assessments, Ben felt he should prepare the students by having 

them answer questions similar to the ones they will see on the finals. Ben stated, “The 

only way they get points is by answering questions. They don’t get points for listening, 

for participating, they get points for answering questions. If we can answer questions in a 

safe area where it doesn’t matter if you’re right or wrong… [then the students will be 

more prepared on the final exams].” LP_19 

The department-mandated final lab practical also affected Ben’s purpose of 

assessments. The lab reviews in the lab manual did not reflect the assessment questions 

on the final lab practical, so Ben developed lab quizzes to prepare his students for the 

final lab practical. He stated, “…that’s the reason why I do the lab quizzes, because the 

questions on the lab practical are out of nowhere. I like to have it so the lab quizzes are 

way to help them study for the lab practical final.” LP_14. Even though Ben believed that 

the purposes of assessment is to inform instruction and to facilitate student learning, these 

examples show that because of department-mandated assessments, Ben’s purpose of 

assessments in practice was to prepare his students for the “weird” questions from the 

department that he had to use on his final exams.  

He believed that the purpose of the assessment questions he uses in his 

presentations is to not only help his students be successful but he also felt that the success 

of his students on these department-given assessments could be tied to his job. In the 

current system, instructors at Ben’s institution received raises based on years of service, 

but Ben had heard rumors that the administration was advocating that instructors should 

receive raises based on some sort of merit evaluation. He was unsure, however, if his 

department would use the portion of his students who got the department-given 
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assessment questions correct as part of that evaluation. He stated,  

Assessing people and having pay raises based on assessment, student evaluations 

and retention, instead of you’re here long enough you get a raise… I don’t know 

that currently my job is dependent on them getting a certain portion of the final 

right. LP_2 

Thus, Ben was concerned with ensuring his students would be successful on the 

department-given assessment questions. 

Other factors that affected Ben’s purposes of assessment seem to be tied to 

logistical issues, rather than his beliefs. One of the purposes of the review days is so that 

all of his classes can catch up and take the unit exams on the same day. So on the review 

days, if a particular class is ahead, Ben will spend more time on the practice questions not 

only explaining each question but each answer as well. If a particular class is behind, Ben 

will not spend as much time going over the practice test. In his own words, he stated, “I 

do that as a way for all my classes to catch up. So if we’re ahead we’ll take more time to 

discuss, if we don’t have a lot of time, we won’t discuss as much.” LP_7-17  

 Thus, the department’s purposes for assessment seemed to prevail over Ben’s 

purposes. There is very little evidence during our PAR that Ben’s espoused beliefs about 

the purpose of assessment aligned with his practice. Most of Ben’s assessments in 

practice were tied to purposes of preparing students for department-mandated 

assessments and logistical aspects of teaching at this particular institution.  

Knowledge of What to Assess  

Another type of knowledge within the Science Teacher Assessment Literacy 

Model is knowledge of what to assess. Ben’s espoused knowledge of what to assess 
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differed from what he assessed, in practice. This disparity seemed to be caused by 

department-mandated objectives and assessments. Even though engaging in PAR did not 

lead to changes in Ben’s knowledge of what to assess, it did help him use that knowledge 

to navigate departmental mandates to implement assessments that aligned with his 

personal goals for his students, such as making science more approachable to his 

students. 

Ben believed it was important to assess a students’ attitude toward science and an 

understanding of how science works. In his first interview, he stated, “passion for science 

or at least not a dislike for science…the scientific process.” Interview 1 However, there is 

no evidence that he assessed these goals during the semester. This discrepancy was tied 

to his knowledge of assessment strategies. As he commented, “I don't know how you 

would assess that they don't hate science as much anymore.” Interview 1  

Throughout the semester, Ben’s decisions about what to assess were primarily 

influenced by the department-given objectives and assessments, specifically the final 

exam and the final lab practical. Many times, the department-given objectives did not 

match the goals Ben would have for a non-majors biology course, yet all of his 

assessments (review questions in his presentation, lecture quizzes, lab quizzes, etc.) were 

aligned to the objectives and the department-mandated assessment questions. One area of 

discrepancy is related to the relevancy of what students should learn and be assessed on 

in science courses. During one lesson planning session, Ben stated, 

On the final [lab practical], they [the students] need to know what a positive and 

negative test looks like so I’m asking about that. Although personally I don’t 

think it’s very useful to their life. I think graphing is useful and interpreting 
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graphs is useful and being scientifically literate is useful but knowing that 

indophenol is blue ant it turns clear has no application to their lives. But I ask it 

because all of their chemical reaction color tests are on their final. They have to 

know that indophenol tests for vitamin C and then they have a picture Benedict’s 

solution and they have to see if sugar is present. And is this bacteria gram positive 

or negative. They have a picture. That’s not really relevant to anyone’s life who is 

not in biology. And frankly that’s not relevant to most people who are in biology 

since biology is so broad. LP_14 

Ben also saw a discrepancy between what the department values versus what he values, 

especially when the department placed a lot of point value on topics he does not find very 

important.  

“I don’t care if they know the phases of mitosis but they are all over their lab 

practical. There’s 4 questions so 8 points on their lab practical on the phases of 

mitosis. On their final exam there’s at least one or two questions. It’s kinda 

ridiculous.” LP_17  

Because of what the department valued, Ben had to alter his instruction to help his 

students understand what goals the department finds important, even if he does not find 

them important.  

Mendel’s laws are department objectives so I kinda make a big deal about that. I 

don’t think that’s a big deal. I think it’s a big deal knowing how alleles separate 

but matching them to the law is not a big deal. LP_23 

These examples show that not only do the department-given objectives differ from his 

own goals, but these objectives and the department-given assessments affected his 
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assessments because he decided what to assess based on these department-given 

objectives and assessments. During several instances, Ben made the point that some of 

these concepts would be important for biology majors to understand but is not necessary 

for non-majors biology. His main goals for non-major biology students included fostering 

their passion and enjoyment of science and understanding and appreciating the scientific 

process. However, he did not get the opportunity to assess these goals because he felt 

pressure to assess department-given goals. The department-mandated assessments and 

policies superseded Ben’s own ideas about what to assess. He believed that making non-

major biology students learn these details makes science seem unapproachable. During 

one discussion while planning for the lesson over cellular respiration, Ben stated, “I’m 

torn about teaching [non-majors biology] because I think [science] needs to be accessible. 

LP_28 

Not only did the department’s guidelines affect Ben’s assessments, but these also 

affected the way Ben spoke to his students about learning objectives and assessment 

questions. There were several times during the semester that I observed his saying to his 

students,  

…this may seem silly but this is a department goal for you to know these. These 

will be on the lab final so be sure you know these even though it seems 

insignificant… again, this may seem trivial and in that you won’t need to know 

this for you daily life, but it will be on your lab practical...this is another thing the 

department is excited about. Observations_22 

Often times, Ben was not convinced that a department-provided assessment 

question really evaluated the goal it was supposed to. For example, during one lab, the 
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students were supposed to observe fossils from a variety of time periods and identify the 

fossils. The question on the final lab practical that was supposed to assess the students on 

this particular lab was, “Where does life originate from? The land or the sea?” In 

frustration, Ben questioned the department’s decision for using that question to assess 

that particular lab: “There’s one question from this lab and that is all life comes from the 

sea. Where’s that come from? You do all this stuff and that’s the question. Does that 

really evaluate this lab?” LP_34  

Towards the end of the semester, Ben’s understanding of department purposes for 

assessment helped him identify opportunities to eliminate extraneous material and 

incorporate lessons and assessment that met his goals. One of his personal goals for his 

students was to make science more approachable. By knowing what the department 

assesses, he was able to alter his lessons and his assessments to eliminate tedious, 

detailed information that could overwhelm students. For example, during the very last 

lab, the students were supposed to observe a variety of plastimounts of vertebrates and 

answer questions in their lab manual about their anatomy; however, there were no 

questions on the final lab practical about the anatomy of vertebrates. Ben ended up 

removing the part of the lab and instead asked his students to spend time classifying 

organisms using a dichotomous key. LP_45 He also changed some of his final exam 

questions after reviewing the department-given questions again. He realized that 

chemistry was not a course goal and therefore, he decided not to include questions about 

chemistry and biochemistry on the final exam.  

It’s not an objective, it’s not one of our goals, it’s not even something we say we 

teach to transfer to other places. And I was thinking about why we even teach it—
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and I think we teach it so that everything else can make sense. I think I’m going to 

have to keep that in mind on the final. It may be my goal, but it is not the point of 

this course, apparently. Chemical bonds isn’t a goal. But to me it should be, and 

I’ve included questions on that in the past—and maybe I shouldn’t, because it 

isn’t a goal of the course. I think we only talk about chemistry so biology makes 

sense. So, I probably could delete that. LP_49 

These examples show that Ben’s knowledge of what the department assesses helped him 

incorporate learning activities and alter assessments to make science more approachable 

for students, one of Ben’s personal goals.  

Knowledge of Assessment Strategies 

Another type of knowledge found in the Science Teacher Assessment Literacy 

Models is knowledge of assessment strategies. Ben believed that it is important to 

implement a variety of assessment strategies but had limited knowledge of assessment 

strategies to use within the confines of the course. One of our biggest challenges 

throughout the semester was selecting and implementing new assessment strategies. This 

process was constrained by department-mandated assessments, lack of time, his feelings 

towards grading, the physical layout of the classroom, and the number of sections he 

taught. However, despite these constraints, Ben was able to incorporate formative 

assessment strategies into his instruction and increase the level of his assessment 

questions on the various assessments he used by drawing from assessment instruments.  

 Importance of variety. At the beginning of the semester, Ben believed that there 

are a variety of ways to implement assessments besides summative assessments and that 
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these assessments can be used spontaneously during instruction. In his own words, he 

stated,  

“I think there are a lot of different ways to do assessment other than the way we 

officially do assessment. Like having them answer questions while we're talking 

about the topic is a good way to assess instantly what they get and what they don't 

get and how to help them out.” 

Even though Ben thought that using a variety of assessments was important, he did not 

have knowledge of various assessment strategies; he stated, “I don't necessarily know a 

better way to do assessment.” Interview 1 One of our biggest challenges throughout the 

semester was implementing a variety of assessment within the constraints of the course. 

These constraints included department-mandated assessments and lack of time.   

 Selecting assessment strategies. Throughout the semester, it was clear that Ben’s 

choices of assessment was based on the department-given assessments that he had to 

implement. For example, Ben did not like the questions on the lab manual because they 

were poorly worded so in order to assess what he actually wanted to assess, he gave lab 

quizzes. LP_1 Ben also chose to implement practice tests for review sessions because he 

“likes this idea because they get most of their points from taking tests so this actually 

models how to take a test and what the test will be like.” LP_15. Ben wrote non-graded 

practice tests to help his students be successful on the actual exams, which are worth the 

majority of the points in the class, something that Ben cannot change. In fact, Ben put the 

department-mandated questions that are on the final exam or similar questions on the 

practice exams and the unit exams “so [the students] have seen those questions before.” 

LP_15 2 Ben stated, “the things that are assessed later on I try to hit hard and often 
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because if half of your final exam is made up of these questions; we better get it sorted 

out.” LP_2 Ben put the same or similar department-given questions on other assessments 

before giving the final so that the students can be more successful on the final. Ben had 

no control over these questions and in fact, Ben did not even know who wrote these 

questions. When I asked his where the questions came from, Ben stated, “That's a great 

question. I'm not sure. That was before my time…I imagine someone made them up. I 

imagine that's where they came from.” Interview 2 Some of the questions are very 

specific; an example is in Figure 5 below.  

 

Figure 5: Example question on mitosis 

 

 Ben also had to implement a pre-post assessment. He had no control over the 

questions, he did not know where it came from, and he does not know what the data is 

used for. When asked about the pre-post assessment, Ben stated, “That's a great question. 

I'm not sure. It's somebody's baby, you know?” Ben had never given it much thought 

because it was something he had to implement. When pressed though, Ben did feel that it 

was intimidating and was not an accurate reflection of biology knowledge. In his own 

words, he stated,  

I haven’t really thought about what I like and don’t like, its something I have to 

do. I guess it doesn’t matter if I like it or don’t…I think in some ways I don’t like 

it because it can be intimating because it asks the equation for photosynthesis. A 

The division of the cytoplasm and all organelles within a cell is called ___________ . 

 A. interphase 

 B. cytokinesis 

 C. metaphase 

 D. anaphase 
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lot of them are intimated by chemistry. It maybe sets a bad tone. So I say ‘don’t 

worry if you don’t know this, its ok,’ but I think that’s a negative. But I guess the 

point of a pre and post assessment is that it shows we teach them something. I 

also don’t think that it is representative of the main points of biology and what we 

get across. LP_3 

 Lack of time. Not only were Ben’s choices of assessments based on department-

mandated assessments, but his choices were also based on the amount of time he had to 

grade and the amount of instructional time he had to cover all the content the department 

asked him to cover.  

 When I asked him why he used multiple choice questions and graded the exams 

using a scantron, Ben stated, “I have 4-5 sections with 24 people. Which really isn’t that 

bad but it is if you have to grade it all.” LP_11 Ben also intentionally thought about 

assessment strategies based on the amount of instructional time he had. When I would 

suggest various assessment strategies, Ben would state, “depending on my time.” Despite 

the lack of time, Ben still felt it was important to implement strategies that facilitate 

student learning. Ben stated,  

Yeah that’s the biggest struggle. There is so many cool things you can do but it’s 

sad, maybe not sad. I feel like one thing that really helps is making cool test 

questions where they can hopefully learn from the test too. I think that’s kinda fun 

and then like the review questions, making those help them learn. And I don’t 

mean to say that this is the perfect and best way but I really don’t know how to fit 

it all in. LP_19 
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Even though Ben has very limited class time to implement assessment strategies, 

he felt he could still help his students learn through assessment by writing innovative test 

and review questions. 

Considerations when designing assessments. Ben also does not like to grade, so 

he made his assessments easy to grade. For example, when discussing how to assess 

student understanding of the difference between mitosis and meiosis, Ben designed a 

worksheet that allowed him to instantly look to see if the students completed it or not. He 

stated, “I’m going to have columns because it’s tidier and I just want to be able to look 

and see if they did it or not. LP_ 24 He even mentioned that he spends more of his time 

thinking about his PowerPoints and less time thinking about his grading because he 

“hates grading.” LP_15 LP_45  

Even the size of the classroom and the number of sections he teaches determined 

how he designed assessments. For example, for quizzes, he wanted all the questions to fit 

on one page so that the students can turn the page over when they are done to prevent 

cheating. In his own words, Ben states,  

Because they get done at so many different rates so they need to be able to turn it 

over because they sit in each other laps. One person in my department makes 

them cover their test with colored pieces of paper and I think it’s a very not a 

good environment to take a test in if you are so worried about people perceiving 

that you are cheating.  

As mentioned earlier, the review and practice tests are given to model what the 

unit exams will be like but Ben also used the review days and practice tests as a way for 

his multiple sections to catch up with each other and take the unit exam on the same day. 
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This is to prevent students from different sections from cheating. In his own words, Ben 

stated, 

I like this because this is a place where all my classes can catch up and all my 

classes can take the test at the same time. I don’t like to give my tests spread up 

because I don’t know how much they cheat from class to class but I think it 

reduces the opportunity to cheat. LP_15 

These examples show that his feelings about grading, layout of the classroom and 

the number of sections he teaches influences the types of assessment strategies he uses. 

 Implementation of formative assessments. Despite these constraints, Ben was 

able and excited to use new assessment strategies. Ben already incorporated assessment 

questions into his PowerPoint presentations; we were able increase the level of those 

assessment questions by drawing on questions from assessment instruments. On the first 

PowerPoint presentation, Ben had low-level questions such as “what is the next step in 

the scientific method, and what is biology?” but in the next PowerPoint presentation, Ben 

incorporated assessment questions from the AAAS website regarding chemical reactions. 

He was able to use “the simple version [of the question] first and the harder version a 

little later [in the presentation].” LP_6-3 Ben was also able to incorporate higher level 

thinking questions into his unit exams. For example, he stated, “that would be kinda neat 

to even put in a scantron. Because the A, B could be your answer and then the C, D, E 

could be your justification. It would still be easy for me to grade and we could still make 

it worth 2 points.” LP_2 Ben also began to change the way he presented the material. 

Instead of telling students something, he began to check their understanding and present 

them with new situations by having them match pictures with concepts or definitions. For 
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example, he stated, “Normally… I would have put that up and match that up to the 

definition. But I like this thing I have been doing lately where I describe something and 

make them match the description to the picture. I like it because it makes them to be more 

involved and think through what the words mean.” LP_17 There are several examples of 

these types of questions on Ben’s PowerPoint presentations and at the end of the 

semester, he stated that those questions were helpful because it took “it to the next level.” 

Interview 3 

As stated earlier, Ben was unaware of various classroom assessment techniques; 

however, through PAR, we were also able to incorporate formative assessment strategies 

into Ben’s instruction, such as muddiest point, turn and talks, minute papers, group 

discussions, and low-tech “clicker” questions. Throughout the semester, we began to 

think about what strategies would be best depending on the type of question and the 

amount of instructional time he had. For example, in regards to an assessment question he 

incorporated into his presentation on the types of bonds between and within water 

molecules, Ben stated, “They could work in groups on that one.” LP-5 Another example 

came when we were discussing assessment questions over the types of biochemical 

molecules. Ben had created a question in which the students had to match the 

biochemical molecule to its structure. Ben was able to turn this into a collaborative 

activity. During the planning session, he suggested that “maybe [he could] break them up 

into groups and say You guys find the carbohydrate, you guys find the lipids’” LP_5. I 

also suggested that he implement a thumbs up/thumbs down approach to assess the 

students’ confidence in their knowledge and abilities and Ben was able to use these 

during instruction. While reflecting on this strategy, Ben stated, “I think it’s going well. 
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They actually did the medium thumb themselves. I actually called on them to let me 

know their thinking.” LP_7 Ben found the group discussions, turn and talks and the 

thumbs up/down approach helpful because he would rather lecture be a conversation. He 

stated,  

I think lecture should really be a conversation with them instead of me saying, ‘let 

me spit out everything I know about this specific topic.’ I think having more 

strategies to get people to answer rather than me telling them the answer or 

polling different people for the answer is really useful. LP_7 

 Instead of using clickers, we were able to use low-tech versions such as using 

notecards with letters on them or asking the students to hold up fingers that correspond to 

the answers of a question. We decided to use these low-tech strategies because Ben 

mentioned in his first interview that he does not like clickers because he had “found those 

are more of a hassle than helpful. Sometimes the clickers don't work, the batteries dead, 

or you click and it doesn't go to the receiver, and things like that.” He was able to 

incorporate these strategies during his review sessions and practice tests. During one 

lesson planning session, he stated, “I definitely think we can incorporate some of the 

strategies we talked about, like having them turn and talk. I used to do clickers on 

multiple choice questions but I don’t like clickers. If I get the clickers software working I 

can use those or I can use fingers or notecards.” LP_15  

 During our first interview, Ben mentioned that the assessment strategies he 

primarily used were summative assessments, such as quizzes, exams, and worksheets. 

One assessment strategy that Ben used at the beginning of the semester but 

underestimated the usefulness of it was looking at his students. During his first interview, 
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he stated, “So, how can I tell what they know or don't know? I look at them and see how 

long it takes them to respond. It's not very scientific. I just kind of look at their faces, and 

I'll wait for them. If they have to flip back, then I know they didn't get it.” During his 

third interview, he mentioned how even though he still assesses his students by looking at 

them, he didn’t realize how useful and valuable it was.  

I would say the other types of assessment I do in the classroom, I don't grade 

them, but I look at their faces a lot to see if they're understanding the concept or 

not. I look for a head nod or just confused faces. They don't even have to nod. 

They can just look like, "I have no idea." Actually on their final, I asked them to 

tell me one thing that they liked and one thing that they didn't like. I said it could 

be anything. Someone said they really liked how, it was something like, "How 

your awkwardly awesome style of teaching." and then they said, "I like how you 

help guide us through questions even though we all sat there for a minute in 

silence and stared at you." You can look at them and tell that they don't get it. So, 

I like that kind of assessment the best, because I feel like you can figure out what 

they don't know and go fix it right there and then. A test takes longer to fix it, and 

you really don't get as much information as you get when you're actually looking 

at them and talking to them. I probably didn't give myself enough credit for 

looking at them and interpreting what they actually thought, but I think I realized 

that I really do that a lot and how valuable that can be. Interview 3 

This excerpt shows that Ben not only uses students’ facial expressions and body language 

to assess their understanding, but he also uses his interpretation of their facial expressions 

and body language to make changes to his instruction.  
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Knowledge of Interpretation of Assessment Data and Action Taking  

The fourth type of assessment knowledge in the model is knowledge of 

interpretation of assessment data and action taking. This type of knowledge include what 

teachers know about interpreting assessment data and how to use that data to inform 

instruction. At the beginning of the semester, Ben’s knowledge of interpretation of 

assessment data included making changes from semester to semester based on student 

difficulties, throwing out exam questions that the majority of students missed, and using 

assessment data to design future assessments. His views of interpreting assessment data 

also affected his views of grading and providing feedback. While by the end of the 

semester he did not express any other knowledge of interpretation of assessment data, I 

detected some development through my observations of his instruction. For example, 

during my observations, I noticed that Ben would use student feedback from their facial 

expressions, body language and by eavesdropping on their conversations to make 

adjustments to his plans during instruction. 

Making changes based on student difficulties. During his first interview, Ben’s 

knowledge of interpretation of assessment data included making changes in his 

instruction based student difficulties that he observed. For example, this semester, he 

chose to emphasize the concept of scale more heavily because the previous semester, he 

noticed his students had difficulty with this concept. He stated,  

 This is a silly example, but on some of the power points I had no idea that they 

have no concept of scale. You'll have this picture of a paramecium or something 

and one side of the picture is the size of a person's face. They're not that big. So, 

I've been giving them a better idea of the scale of things. 
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 Another example of how he uses his knowledge of student difficulties to improve his 

instruction is when he made the distinction between the “nucleus” of an atom and the 

“nucleus” of a cell. In his presentation, he made sure to make that distinction because 

students had difficulty with that concept in the past. He stated, “A new teacher only 

knows what [the students] struggled with. I would never have gotten nucleus and nucleus 

mixed up.” LP_28 Since Ben is a relatively new instructor and has not done much 

research on student misconceptions, he uses his previous experience with student 

difficulties to make changes to his instruction. This excerpt shows that as a student, Ben 

did not get the nucleus of an atom and the nucleus of a cell mixed up, and only knows 

about this potential difficulty because of his prior students’ difficulties.  

  Throwing out ‘bad’ test items. At the beginning of the semester, Ben’s 

knowledge of interpretation of assessment data also included looking at the quantitative 

data from a scantron read out to see how many students missed a particular exam 

question. If more than half of the students missed a particular question, he would evaluate 

that question to see if it was confusing or poorly worded. If it was, he would “throw it 

out” and give those points back to the students. If the question seems fair, he would 

explain the correct answer to the whole class. In his first interview, he stated,  

When I hand back the tests if a lot of students miss the question, I definitely look 

at and analyze that then try to explain the question that most people missed. 

Sometimes I throw it out if it's a wording thing or if there's a student who says, 

"Well, I understood it this way. This answer's right." 

Throughout the semester, Ben would do this for the exams. By the end of the semester, 

he held this view. In his third interview, Ben stated,  
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 …and then run the old scantron through. If more than half the students missed a 

question I look at it carefully and evaluate whether it was something we didn't 

cover, or did cover, or why they missed it. I try to talk to them when we get the 

tests back about what the deal with that question was or give them points back. 

 Designing future assessments. Ben also used assessment data to write future 

assessments. If there was a concept that the students had problems with, he would put 

question about that concept on the unit exam. For example in his first interview, he 

stated,  

 Sometimes that even helps me write the test a little bit, because if we talked about 

something a lot on one of those days I might put that into the test. If there's 

something that they had a misconception about that I thought was really 

important, I might modify my test a little bit based on that. Which that sounds like 

I'm trying to take points away, but I think sometimes we talked about it, cleared it 

up, and they still get it wrong. That lets me see that we didn't clear it up, and 

sometimes that's the way to make sure they remember it if you take points away. 

 Grading and feedback. Even though Ben evaluated scantron data, he did not 

give much feedback on essay questions on exams. He looked for key words and gave 

points based on the presence or absence of those key words. He did not give much 

feedback because in a typical semester, he has approximately 125 students and does not 

have time to give in-depth feedback to all students. In his first interview, he stated,  

 I used to write the whole correct answer for everyone, but I don't do that anymore. 

If you don't write anything down, I just mark it off. Which probably isn't very 
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helpful, but it takes so much time to write the right answer every single time for 

them. 

 Throughout the semester, Ben also mentioned that he “hates grading.” LP_15 and 

is the “slowest grader.” LP_28 Several times during the semester, I would ask Ben how 

the students did on a particular lecture or lab quiz or a worksheet and he would state, “I 

don’t know how they did on that” LP_28 because he had not graded them yet. Evaluating 

data seemed to be the last thing he thought about it. After I asked how the students did on 

one exam, he stated, “I really haven’t evaluated it since I’m running around.” LP_51 The 

fact that he hated grading and therefore, procrastinated grading impacted his ability to use 

assessment data within the semester.  

 Growth in interpretation of assessment. Even though Ben did not express 

growth in his knowledge of interpreting assessment data, my observations revealed that 

he did grow in interpreting assessment data and taking action, especially in regards to 

using student reactions to guide his instruction. There were several times throughout the 

semester when eavesdropping on student conversations or interpreting confused facial 

expressions would prompt Ben to go back and explain a concept. Ben did not mention 

that he used student reactions to change his instruction during his first interview, but he 

did use this type of assessment to change his instruction during the semester. There were 

several times during the semester when I asked him how he thought the students were 

doing and he would mention their facial expressions or if the talked to him. During one 

example, he stated, “they answered me. They didn’t look distraught.” LP_36 Sometimes, 

he would use his students’ facial expressions or the fact that they did not answer his 

question to change his instruction. For example, during a review session, Ben was 
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reviewing the characteristics of fungi and the students did not answer his questions so he 

loaded the PowerPoint presentation on fungi, pulled up a picture of a fungus and went 

over mycelium and hyphae. Observations_32 Ben would also take action if he heard a 

group discussing a question and seemed to have a misunderstanding of the concept. He 

would go help that particular group and then address the problem to the rest of class. 

Observations_22 Even though Ben did not mention this type of knowledge of 

interpretation of assessment data at the beginning of the semester, he did engage in it 

during the semester and he mentioned it at the end of the semester when he stated, “I 

don't grade them, but I look at their faces a lot to see if they're understanding the concept 

or not. I look for a head nod or just confused faces. They don't even have to nod. They 

can just look like, ‘I have no idea.’ Interview 3 

 In summary, even though there was some disparity between Ben’s beliefs and 

practices, and Ben’s beliefs and the department’s beliefs, there is evidence that engaging 

in PAR supported the development of Ben’s science teacher assessment literacy. Below 

is a table that illustrates dimensions of Ben’s science teacher assessment literacy before 

and after engaging in PAR.  

Table 6  

Dimensions of Ben’s Science Assessment Literacy 

Dimension of Science 

Assessment Literacy 

Beliefs at the beginning of 

PAR 

Beliefs during/end of PAR 

General Beliefs about 

Teaching and Learning 

How science is portrayed: 

Science content should be 

relevant to students’ lives; 

science should be 

accessible to all students 

How science is portrayed: 

Science content should be 

relevant to students’ lives; 

science should be 

accessible to all students 

Role of students:  

Students should be active 

but not completely 

responsible for their 

Role of students:  

Students should be more 

responsible for their 

learning 
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learning 

Role of instructor: 

Facilitate learning 

Role of instructor:  

Share responsibility for 

learning with students 

Assessment values and 

principles  

Assessment should 

promote student learning 

and knowledge retention; 

assessments should be 

modeled by instructor; 

assessments should align 

with course goals.  

Assessment should 

promote student learning 

and knowledge retention; 

assessments should be 

modeled by instructor; 

assessments should align 

with course goals 

Knowledge of the purpose 

of assessment 

Assessment could inform 

instruction and facilitate 

student learning 

Assessment could inform 

instruction and facilitate 

student learning 

Knowledge of what to 

assess 

Instructors should assess 

students’ attitude toward 

science and an 

understanding of the 

scientific process 

Instructors should assess 

student mastery of course 

goals (Ben did this in 

response to both 

departmental mandates and 

his own personal goals) 

Knowledge of assessment 

strategies 

Ben believed instructors 

should use a variety of 

assessments, but had 

limited knowledge of 

various assessment 

strategies. 

Ben still believed 

instructors should use a 

variety of assessments; 

however, he increased his 

knowledge of additional 

assessment strategies; 

implementation of 

formative assessment 

strategies; and level of 

assessment questions  

Knowledge of 

interpretation of 

assessment data 

Ben primarily used 

assessment data to make 

changes from semester to 

semester 

Ben used student feedback 

to make changes during 

instruction  

  

Potential Barriers  

One of the purposes of PAR is to explore barriers to change and to understand 

ways in which practices are shaped and constrained by social structures and how 

practices can work within these constraints. Although engaging in PAR and using 

assessments did help support Ben’s science assessment literacy, characteristics of the 
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department and the institution also affected his professional growth. As we engaged in 

PAR, Ben identified several factors that could be potential barriers to his being able to 

teach effectively. These include lack of academic freedom, his relationship with his 

colleagues, lack of time, disruptive events from his department chair and ineffective 

professional development.  

Lack of Academic Freedom 

 In Ben’s science department, there is little academic freedom afforded to the 

instructors. The instructors do not dictate how much and what content they cover, the 

objectives for the course and how the students are assessed in terms of the course 

objectives. Ben stated,  

 …that's driven by someone else. I don't know past the department head level, but 

we have our department that says, "These are the course objective questions that 

we need to cover." I'm sure that's governed by the state or somebody else in some 

way. I think those are really broad concepts, and we can read into them in 

different ways. We are kept in check by our final exam, which have a certain 

number of course objective questions that we have to turn in data on. So, you 

have to teach to make sure that you cover that information. Interview 1 

This lack of academic freedom made Ben’s efforts to continually improve his teaching 

more difficult. Ben pointed out there was a “disparity between what you want them to 

know and what the department wants them to know. You have a lot of things to think 

about.” LP_22  

Ben valued different kinds of learning outcomes than those valued by his 

department. Ben identified several concepts that he did not find important for non-major 
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biology students to know but that the department deemed important, as evidenced by the 

course objectives and the number of required assessment questions covering a particular 

topic. One concept that Ben did not find important for non-major biology students to 

learn, but that his department did was the concept of mitosis. During one lesson planning 

session on this topic, Ben stated,  

I do wonder ultimately, what determines and who determines and why, what I’m 

supposed to teach. I know that I have less freedom but, why in this order and why 

is it in this time frame, why do we have to cover so much stuff? And everyone 

aside from me thinks that the phases of mitosis are so critical. They are not! I’m 

sure in K-12 they are hit with that so I mean understating how a cell divides is 

important. Because if it goes wrong you get cancer. LP_19 

Not only is understanding the process of mitosis a course objective (as evidenced by the 

list of department provided course objectives on the syllabus) but it also seems to be 

important to the department as evidenced by the number of department-provided 

assessment questions over the phases of mitosis on the final lab practical (there were 4 

out of 50 questions on the phases of mitosis) and final exam (there were also 4 out of 50 

questions on the phases of mitosis). Such discrepancies influenced the relative emphasis 

Ben gave to various concepts in his teaching. For example, in regard to teaching students 

about lichen, Ben stated, 

It is insignificant to their life. If you’re going to get an insignificant question like 

3 times I might as well make note of it. I think they usually start to predict test 

questions or sort out what is important information and what is unimportant info 

based on how we talk about and how much detail we go into it but that is an 
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insignificant detail. LP_35 

In particular, the fact that assessment questions are mandated affected Ben’s teaching and 

led to his frustration, as he discussed in a meeting:  

I don’t really like the idea of teaching to the test. I mean I do it. But I don’t like 

the idea because I don’t think it’s ethical. I don’t think it’s a good way to teach. I 

don’t get in trouble if my students don’t get the question right but I want them to 

get the question right for their sakes. We don’t talk about…origin of life either. 

We talk about now the life is here, how does it evolve? So I think that is a crummy 

question [Where does life originate, the sea or the land?] to ask. LP_6 

Ben also had concerns that the department-provided assessments would not accurately 

measure his students’ knowledge. Not only does this reveal Ben’s frustration that his 

goals are different from the department’s goals, but it also reveals his fears that his 

students’ results might not accurately reflect his teaching effectiveness. For example, Ben 

stated,  

 … I feel like my students could be great at biology, know a lot of basics in 

biology that other students don't know, but if they don't pass these certain 

questions that someone else feels are important then it looks like they didn't learn 

anything. Or it looks like I didn't teach them anything potentially. Interview 1 

These examples show that Ben’s lack of academic freedom made improving his teaching 

more difficult, especially since the department’s goals were different than his own. Since 

he did not agree with the departmental goals, he also did not agree with the department-

mandated assessments. However, he felt compelled to “teach to the test” in order for his 

students to be successful in the course.  
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Relationships with Colleagues 

Another interesting characteristic of the department that affects Ben’s ability to 

effectively do his job is the relationship he has with the department chair and the other 

instructors. Not only did Ben perceive a power dynamic between him and his department 

chair, but he also perceived a power dynamic between his department chair and the lead 

instructor of the course that he primarily teaches. These relationships affected Ben’s 

willingness to express his opinions within the department. For example, when Ben was 

discussing a conversation he had with his department chair regarding proposed schedule 

changes for the next semester, he admitted that he and his colleagues were afraid to offer 

suggestions for fear of getting fired. LP-46 During another discussion about this same 

conversation, Ben mentioned “the weird power dynamic” between the department chair 

and lead instructor. This power dynamic seems to affect the way Ben expresses his 

opinions because he wants to “stay on everyone’s good side.” LP_48 Indeed, when I 

witnessed a conversation between Ben and his department chair and Ben was expressing 

opinions that were different than the chair’s, the department chair seemed nervous. 

During their conversation, the department chair wrung his hands together and avoided 

eye contact with Ben. Observations_33 Additionally, Ben appeared nervous about how 

his chair would respond if he observed some of the things he was doing in terms of 

assessment. Observations_27  

Lack of Time  

Another factor that acted as a barrier to Ben’s ability to plan and implement 

strategies is lack of time. Over the course of the semester, Ben made several references to 

how he has very little time. For example, during a lesson planning session, Ben stated, “I 
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feel like there is so much to be done but I’m only teaching one class but I still work all 

day every day and on weekends. And it’s very frustrating.” LP_32 Ben’s perceived lack 

of time affected his ability to incorporate some of the suggestions I made; for example, he 

stated, “I can look at it. I’m just saying sometimes I feel like, I feel bad when I don’t take 

suggestions but it just takes a lot of time.” LP_29 Ben also expressed this sentiment in 

several other lesson planning sessions (LP 1, LP_19, LP_29). Ben attributes his lack of 

time to several things. One factor that Ben attributes to his lack of time is his work-life 

balance. For example, he stated, “I hate to be lazy and I think that’s one of my problems 

in general, I don’t stop messing with stuff. Which I think makes me a good teacher but it 

makes me have a crappy life.” LP_32 His perceived lack of time and work-life balance 

affecting his job. During one lesson planning session, Ben stated,  

I would like to change things but the amount of…I’m a little grumped. I don’t 

have the time. I guess I could spend more time. Last night I made lunch and 

dinner and then I worked until 10 pm. And it kind of sucks. I think they are good 

ideas and like to incorporate good ideas, but I don’t like to do a half-thought idea, 

I want it to work decently. LP_33 

Another factor that attributes to Ben’s lack of time are his responsibilities outside 

of his job description. During the semester, these responsibilities included prepping and 

tearing down labs by himself, watering the plants and feeding the fish in the science labs, 

and writing a new lab manual. For example, Ben stated,  

Normally I don't have to feed the fish and water the plants, and I'm normally not 

solely responsible for prepping lab and taking down lab. So that's taken a lot of 

time, because I don't know where everything is. So, I just open all the cabinets 
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and pull out what I need. I thought it would be easier than it is turning out to be. 

The people that do it all the time know where everything is. So, half of my 

problems with setting up labs is that I don't know where everything is. Interview 2 

 When asked why it was his responsibility to prep lab, feed the fish and water the 

plants, Ben stated, “…they got passed down to me because I'm the full-time person who's 

here this summer. I actually come in instead of sitting in my pajamas, eating potato chips, 

and reading online discussion boards [referring to the department chair and lead 

instructor who teach online courses over the summer].” Interview 2 Writing and editing a 

new lab manual affected Ben’s ability to teach over the course of the semester. For 

example, he stated, “It’s not hard to grade 11 [tests], although it has been this summer 

because you spend hours being mad about a lab manual and then edit a lab manual 

because you know no one else will do it.” LP_44 Other evidence of Ben expressing this 

feeling of not having enough time due to other responsibilities is found in other lesson 

planning sessions (LP_16, LP_44).  

Disruptive Events  

Another potential barrier to teaching, as perceived by both Ben and me, was 

related to the disruptions caused by Ben’s department chair visiting the classroom during 

Ben’s class time. Several times during the semester, Ben’s department chair interrupted 

Ben’s class to get supplies, take promotional photos, to discuss future changes to the 

class, and to even help Ben’s students during lab. These visits were disconcerting to Ben, 

and both of us viewed these as detracting from student learning. For example, Ben 

mentioned one such interruption during his second interview when he stated,  
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 Our department chair came in, who's teaching online, came into my lab and got 

some supplies. That's a little frustrating really. Why is he in my class doing this, 

you know? He knows when my class is, so he could come before or after and do 

the same thing without disrupting my class. Interview 2 

Not only did Ben find these interruptions from his department chair frustrating and 

distracting, but it became evident he found the department chair intimidating.  

 Towards the end of the semester, Ben and I decided that instead of Ben lecturing 

over the characteristics of the variety of animal taxa, students would use a dichotomous 

key to identify the characteristics of the various taxa. We developed an activity and a 

dichotomous key for the animal taxa and as we were discussing the activity, Ben 

mentioned that his department chair was coming by the class that day to take pictures of 

the students. Ben was nervous because he was afraid of what his department chair would 

say when he observed Ben’s students doing this activity rather than listening to a lecture. 

In his own words, Ben stated,  

…his coming into my class can be distracting and intimidating [for the students]. 

I’m intimidated. I don’t do things like everyone else does them. He [the chair] and 

other instructors cover the animal names on the posters [e.g. echinodermata, 

cnidaria] and stuff and I’m like 'we're going to key them out.' LP_42  

Indeed, from my observations (Ben was hesitant to discuss these issues), when the 

department chair came into class the next day, he seemed confused by the activity. Ben 

introduced the chair to the class and told the class that he was here to take pictures of 

students engaged in active learning. The chair turned to Ben and asked if he ever used 

clickers. Ben told the chair that the software for the clickers does not work so he “uses 
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notecards with the different letters. Its low tech but it works.” The chair then told Ben to 

go get the clickers and then had the students pose with the clickers so that it looked like 

the students were engaged in active learning. This exchange was very frustrating for me, 

the researcher, because from my perspective the students were actively engaged by 

classifying animals with a dichotomous key and the chair wanted to interrupt this activity 

by asking the students to pose with clickers in order to appear they were actively 

engaged. As the chair passed out the clickers and asked the students to pose, the students 

seemed like they would rather work on their activity instead of posing for pictures with 

clickers. It seemed the chair did not understand that the activity currently underway 

involved active learning. Instead of asking the students to pose with clickers, the chair 

could have just taken pictures of them working on the activity with their peers. The 

interruption was very distracting and took time away from the actual learning. 

Observations_31 

Ineffective Professional Development  

 Another potential barrier to teaching that Ben experienced is a lack of effective 

professional development. During his first year teaching, Ben was required to attend new 

faculty orientation sessions. He felt these sessions were effective in introducing him to 

other departments and helping him understand how an institution is run; however, he did 

not think that the new faculty orientation sessions prepared him to teach. He stated,  

 I felt like our monthly meetings were just a big waste of my time sometimes, 

because they didn't have a lot of direction and goals. It's like if they're teaching 

you how to be a teacher, then you should be an excellent teacher in these 

meetings, which sometimes they weren't… I know I was always pretty upset 
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about having to go to those meetings on Mondays and the new faculty institute, 

because I was thinking I should have time to work on my stuff and get ready for 

the rest of the week today, but instead we go to a meeting that was probably an 

hour but in my mind it was two hours. Interview 2 

This excerpt shows that Ben’s institution did not provide effective resources to improve 

teaching, especially to new faculty.  

Benefits and Challenges of Using Assessment Instruments 

 One of purposes of this study was to investigate how engaging in PAR and using 

assessment instruments could support a college science instructor’s assessment literacy. 

A second purpose of this study was to study the facilitators and barriers to implementing 

assessment instruments in the college science classroom. There is evidence that Ben 

encountered both benefits and challenges of using assessment instruments.  

Benefits of Using Assessment Instruments  

Over the course of the semester, Ben identified several benefits of using 

assessment instruments in his classroom. Similar to previous studies (Vanmali, 2012), 

Ben did not use the assessment instruments in a pre-post fashion because in his words, 

“that's a waste of time, because I know what they don't know” Interview 2 Instead, he 

used assessment instruments to develop learning activities, labs, assessments and 

assessment questions, and prepare for his presentations.  

Learning activities and labs. Ben used assessment instruments to develop 

learning activities “because they help clear up misconceptions.” Interview 2 Specifically, 

he found the Concept Inventory for Natural Selection (CINS)(Anderson et al., 2002) 

particularly useful because he “thought for sure they would get that, but they didn't get it 
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the first time we went through it.” Interview 2 Ben was able to use the questions from the 

CINS for an in-class activity by supplementing the questions with a video he usually 

shows regarding Darwin’s finches. During the third interview at the end of the semester, 

he reiterated this by stating, 

 Natural selection is something that students struggle with. I don't think it needs to 

be something that they struggle with, and I think this concept inventory [the 

CINS] does a good job at hitting that. Like their confusions or what they're 

confused about. It makes a good thing to discuss. I liked how the first time we ran 

through it, we actually discussed it together. Like, why this is wrong, why this is 

wrong, and why this is wrong [pointing to each of the answer choices]. 

Ben was also able to write a lab for the following semester on microevolution using 

questions from the CINS. In his third interview, he stated, “I really like the CINS, so I put 

that in our lab on microevolution.” This shows that was Ben able to adapt assessment 

instruments in ways that complemented learning activities and labs.  

 Assessments. Ben found assessment instruments useful when adding questions to 

exams, review worksheets and his Powerpoint presentations. For example, when adding 

questions about the scientific method, Ben found the American Association for the 

Academy of Science (AAAS) Project 2061 science assessment website (AAAS, 2014) 

helpful, because the questions had “really good and easy scenarios with pictures.” 

Interview 2 Ben valued the clarity of the resources provided on this site:  

…I liked its little fake experiments a whole bunch. [The AAAS website] had a 

whole bunch of big experiments that were very clearly worded, and they were set 
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up very clearly with pictures. That was very useful for me to judge the scientific 

method. Interview 3 

Ben also expressed the usefulness of some of the other items from the AAAS site as well 

during lesson planning sessions (LP_6, LP_15) and he also used the Genetics Concepts 

Assessment Instrument (Bowling et al., 2008) (LP_21) when adding questions to exams, 

reviews and his presentations.  

Preparing for lecture. Along with using assessment instruments as resources to 

develop assessments for his course, Ben also found assessment instruments helpful as he 

was planning his lecture. After reading the journal articles with assessment instruments 

and the associated research on student misconceptions, Ben had a better understanding of 

the common misconceptions related to topics, and incorporated these into the design of 

his lecture. For example, during one lesson planning session, Ben stated,  

I talked today with these [misconceptions] in mind. If these are the things that 

people get confused on, then why not talk about them. [The students] couldn't tell 

me where heat went. I know what I know, and I know my personal experiences as 

a student and learning and I know what I have figured out from teaching awhile, 

but really you don't know what people who aren't you think about until you have 

run into a lot of people or you have read up on it. I really think it’s worth talking 

about things people get confused on and misconceptions they have. Maybe I 

didn't have that misconception, but that doesn't mean it’s not a misconception. 

LP_28 

Similarly, though Ben did not find the assessment questions about stem cells relevant to 

his class, he did find the resources helpful in understanding student misconceptions 
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regarding stems cells. In response, he focused on one particular misconception and 

gathered resources to address that with students:  

That’s where I got [embryonic stem cells] don't come from aborted fetuses. And 

then I looked up about the many stem cells lines. I used that as my base point. I 

didn't use any of their questions because I think it’s, I get excited about it, but I 

don’t think it’s relevant for them to know all the different kinds of stem cells, but 

I think it is helpful for them to understand where they come from and that it’s a 

powerful technology. LP_29 

These examples show that even though some assessment instruments did not provide 

specific assessment items for Ben to incorporate in his course, knowing the 

misconceptions the assessments targeted was helpful for Ben as he was preparing his 

lecture. 

Challenges of Using Assessment Instruments 

Ben also encountered several challenges when using assessment instruments, 

including formatting issues, time to research, read and incorporate items from 

instruments, and the lack of relevancy of some of the instruments to the course.  

Formatting issues. Ben incorporated assessment questions into his PowerPoint 

presentation for lecture, but had difficulty incorporating some items from assessment 

instruments into his presentation: 

…[It’s] because they don't fit the power point slides very well. That sounds so 

minor, but if it's a big question with lots of sentences and the multiple choice 

questions that don't fit on the slide so that they [the students] can see it when it's 
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printed off. That's like a very minor irritation, but I pretty much don't put them in 

the Powerpoint the way that they're written because of that. Interview 2 

Formatting issues also made it difficult for Ben to incorporate items from assessment 

instruments into Microsoft Word documents when developing assignments, quizzes and 

exams.  

 It is hard to get them over. Microsoft Word formatting is awful. I don't know if 

that's because I'm not very computer literate or what, but pulling them from a PDF 

is hard because you have to type it out. Even the converters don't convert very 

well sometimes. They leave spaces, weird characters, and things. Interview 3 

In this manner, it was more difficult for Ben to incorporate items that didn’t integrate 

well into his existing approaches and delivery models (e.g., Powerpoint). 

 Locating suitable items. Not only did Ben spend time incorporating assessment 

instruments that were in a PDF form into Microsoft Word, he also spent a lot of time 

reading and reviewing the assessment instruments to find potential items to use. He 

explained, “…just finding which questions are relevant to which unit is difficult. I feel 

like I spend a lot of time reading questions and thinking about where they can go.” 

Interview 3 Indeed, it was difficult for me to find assessment instruments that were 

completely aligned to Ben’s curriculum and relevant to Ben’s course. For example, even 

though he found the CINS useful, he could not use the entire instrument because the 

content of the instrument includes both natural selection and population genetics. Even 

though Ben recognizes that these concepts are connected, evolution and ecology are not 

taught together in his class.  
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Sometimes it's hard, because [the instruments] don't follow the same progression 

pattern that I'm following. So things that logically go together, like with the CINS 

that have population ecology questions with evolution, which makes perfect 

sense, but that's not the order we go in. Interview 3 

Making sure assessments aligned with his course goals, as stated earlier, was important. 

 Other instruments that were not relevant to the course, either because of content 

or level, included the Diagnostic test for energy and your body (Mann & Treagust, 2010) 

and the Biological Concept Inventory (BCI)(Klymkowsky & Garvin-Doxas, 2008). In 

regards to the Diagnostic test for energy and your body, Ben stated, “Yeah, so that one 

didn't really work. It wasn't wrong, but it didn't work for all organisms. I think it's very 

human centric.” When discussing an item from the BCI on genetic drift (see Figure 6), 

Ben discarded this question, saying, “Yeah, we didn't talk about genetic drift in that 

amount of detail. I think it would have been difficult for them to answer that question.” 

Interview 3  

 

 

Figure 6: Example question on genetic drift 

 

Issues about the relevance of specific questions and their alignment to his course came up 

in other lesson planning sessions as well (LP_20; LP_51).  

How is genetic drift like molecular diffusion? 

A. Both are the result of directed movements. 

B. Both involve passing through a barrier. 

C. Both involve random events without regard to ultimate outcome. 

D. They are not alike. Genetic drift is random; diffusion typically has a direction. 
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 Another issue that came up was the accessibility of instruments. Even though I 

was searching out assessment instruments for him, it was difficult for me to obtain the 

instruments in some cases. During our second interview, I stated, “I've also noticed that a 

lot of the instruments aren't available, and you have to contact the author. I've contacted 

several authors, and only one author has gotten back to me.” Indeed, that one author was 

the only author that contacted me throughout the entire semester and I have yet to hear 

back from any of the other authors I contacted.  

Benefits and Challenges to PAR  

 A third focus of this study was to investigate how engaging in PAR could support 

a college science instructor’s science assessment literacy. During the course of our 

collaboration, Ben and I experienced both benefits and challenges to engaging in PAR. In 

the sections that follow, I will discuss findings related to these benefits and challenges to 

using PAR in the college science classroom.  

Benefits of PAR  

For Ben, there seemed to several benefits in engaging in PAR with me. These 

include discussing ideas with someone and receiving feedback, providing a structure for 

accountability, providing validation of his efforts, and sharing the workload of 

researching misconception and assessment instruments.  

 Receiving feedback. Several times Ben mentioned that PAR provided him the 

opportunity to discuss ideas with someone and receive feedback, something he did not 

have an opportunity to do with his colleagues. For example, during one lesson planning 

session, Ben said,  

I like having someone else looking at what I’m doing and evaluating it and giving 
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feedback. I think that’s really valuable. When we work together in the department 

we kind of exchange information but no one sits down with you and says ‘oh yeah 

that’s a good idea.”  LP_16 

Ben also mentioned that a benefit of PAR was gaining another perspective in feedback. 

As he put it, “Sometimes when we reflected I didn't see things the same way that you saw 

them, and you and I were right there.” Interview 3 

Having someone observe his teaching, especially an observer who was not an 

evaluator of his teaching and whose observations are not tied to his job performance, was 

valuable to Ben. In addition, feedback from someone knowledgeable about his teaching 

context was useful. For example, half way through the semester, Ben commented, 

 It's also kind of neat to have you there when we looked at the tests and there were 

questions that they missed, and you're like, "You covered that, not just on your 

notes, but you talked about it this way, this way." …that's really a unique 

opportunity that I don't think anyone really gets. Where they have someone that 

understands the topic and education sit in on every single one of their classes, but 

that person isn't someone who can hire or fire them…You can only affect me 

positively, really. So I'm torn between saying whether someone should observe or 

not, because I think it really is an interesting opportunity for that to happen. Even 

if it was implemented in other scenarios, I mean, I imagine most of the times 

when people have someone observe and comment that person is tied to their 

performance in some way, which makes them probably more nervous and makes 

the whole thing uncomfortable. Interview 2 

Observations conducted during PAR not only provided Ben with a different perspective, 
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but also impacted the way he thought about teaching. Ben commented: 

 I think that was very useful, and I really think I set the course up nicely, and got to 

think about the way the material went together, make connections, and how the 

students are making connections versus how I'm making connections. I think it's 

nice to have someone actually there listening to me and how I present things. 

Interview 3 

Accountability. Accountability also factored into Ben’s feelings about being 

observed because he felt that it made him strive to be the best teacher he could be:  

 I kind of like that you're there, because I feel like it makes me be A-level me all of 

the time….Even if I'm feeling like C or B-level me, I'm going to come in and be 

A-level me, because that's what I want to be if someone's watching and taking 

notes, you know?...Not that I normally come in as C-level me, but some days are 

not great days and you just try to get through them….In a way, having you there 

puts pressure on me to be a better teacher. Interivew 2 

Ben reiterated the benefit of PAR holding his accountable in the third interview when he 

stated, “I feel like I gave 100% every day, or 100% of what I could give…. So, it was 

good to have you there, and have me be the best me that I could be all of those days.” 

Knowing that he would be observed as part of PAR motivated Ben to teach to the very 

best of his ability.  

 Available researcher. Ben also thought that having someone to help share the 

workload of researching misconceptions and assessment instruments was useful. For 

example, when discussing what was helpful about PAR, Ben stated, “I don't have the 
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time to do all of that research every time and hunt down the people who have the 

instruments.” Interview 3  

 He also thought that PAR was a more effective professional development 

opportunity than other types of professional development he had been to. During his third 

interview at the end of the semester, Ben made multiple references to how PAR is 

effective professional development. For example, he stated, 

 I would say that this is so much more beneficial and more helpful than going to 

watch a Powerpoint presentation with too small of font on how to be an excellent 

teacher…It's so much better than going to a presentation where they tell you all 

the things you do wrong, or they tell you things that you could do better that just 

aren't going to work for me. Like, I'm not going to be on a Facebook group with 

anyone ever. We have Blackboard for that. You know, things like that. They're 

like, "Well, you'll reach your students better, because they're already there." So, 

some things that get presented there, I'm like, "Why did I just waste an hour 

listening to something that isn't going to work for me at all?" …So, this has been 

very useful in that regard, and I think this is a lot better. I haven't been going to 

very many professional things, so I don't know them all. Maybe I'm making poor 

choices to the ones I attend. Some of them have been good, but this is a lot more 

helpful than that. Interview 3 

This excerpt shows that he found engaging in PAR much more effective than going to a 

workshop involving a Powerpoint presentation because it was personalized and tailored 

to his needs.  
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Challenges of PAR  

In terms of challenges of engaging in PAR, Ben asserted that lack of time was the 

biggest challenge for him. He mentioned this several times.  

This whole thing is cool and wonderful but it’s a lot of work. …it’s not that I 

don’t do a lot of work normally but it’s just a lot of work….It all takes a lot of 

time….I don’t think either of us is doing anything wrong I just think the whole 

process takes time…I think it’s useful. It just take a lot of time. It’s not bad, it is 

what it is. LP_16 

Even though Ben normally spent a lot of time working on his courses, he seemed to be 

expecting to not have to do as much work because he was teaching one summer course 

and he had only twelve students. He described this situation and his workload, 

I will meet with you for an hour and then I will have to make changes on my 

PowerPoints for an hour and then I have to prep lab and clean up lab. For teaching 

one class. And then I have to grade. Fortunately there are only 12 of them. LP_16 

Ben also mentioned that he was expecting to have more time to do activities outside of 

his job that seem to contribute to his feeling of not having enough time. During his 

second interview, he stated that he would have liked to have spent more time outdoors 

being active and that he did not have much opportunity to do that.  

 Because of how much time participating in PAR took, Ben believed that he would 

not have been able to engage in PAR during a regular semester. In his third interview, he 

stated, 

 There's no way I could have done this in the semester. I would have fallen apart 

completely and not been able to do it. Because I would have 12-16 credit hours of 
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courses, and this summer I only had 4. [During a regular semester] I usually have 

more than one prep, because I say yes to too many people. Even if it's the same 

class, it'll be a different version of the same class. Like a late starting class or 

something like that, which is really a whole different class because you're a 

couple weeks behind. 

Ben also stated that he would have quit engaging in PAR if he did not “like me.” 

Interview 3 He also stated, 

If you weren't my friend I would have probably quit, because I had these grand 

plans of going home and going mountain biking every afternoon or going floating 

every weekend. I have a kayak, and I have a mountain bike. I'm only teaching one 

class, and it's only 10 people. So, that should have been completely doable, but I 

think I rode my bike 4 times, and I never went on a float trip. Part of that's me, but 

I probably would have gone on 2 float trips, not every weekend. So, I guess, yeah. 

I probably would have quit if I didn't know you and didn't like you, because it was 

a lot of time and a lot effort. Especially towards the beginning, like on that second 

test when my average was worse, I was like, "Well, this is terrible. I'm putting all 

this time and effort in, and it's not even changing anything. 

Ben wanted to quit because participating in PAR did not afford him much time to do 

activities outside of his job and he did not see immediate positive impacts on his students 

in regards to one summative assessment.  

Recommendations from Ben  

Given that that Ben encountered several challenges in engaging in PAR and using 

assessment instruments, he offered recommendations to other science education 
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researchers and college science instructors. He recommended that developers of 

assessment instruments provide easier access to practitioners. For engaging in PAR, he 

made recommendations in terms of observations lesson planning sessions, reflections, 

and our collaborative relationship.  

Accessibility of instruments. If developers of assessment instruments want 

practitioners to use them, Ben suggested that they make the assessment instruments more 

accessible and easier to format. He understood that researchers may not make their 

instruments available for fear of allowing students access to them but he recommended 

that if researchers want college science instructors to use their instruments they should be 

available in some form. He stated,  

Maybe you'd have to have your teacher e-mail address and password just like on 

the book websites they have. All the teacher resources are available for download 

on the book company's website, but you have to have your password and your 

email address, and they have to confirm that you are actually who you say you are 

and that you do work at that institution. So, I imagine something like that could be 

done. Although, obviously, that all costs money, because you have to have server 

space and someone who knows how to set your website up. If it goes down, you 

have to have someone who they can contact when it goes down. Something like 

that would be easy, but there would still be problems though because just 

converting from Microsoft Word to Microsoft Word is hard sometimes, but it 

would probably be easier. Interview 3 

Making assessment instruments easily available and accessible would have made it easier 

for Ben to incorporate them into his teaching.  
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 Observations. In terms of engaging in PAR, Ben and I have several suggestions. 

Ben thought that observing colleagues would be helpful but that the observations should 

be in a non-evaluative way. In his third interview, he stated, 

 I think that would be helpful, and maybe if people in the same department would 

take more time to watch other people in their department and give them feedback 

in a non-intrusive or non-threatening way. Like, this isn't going to affect your 

evaluation and it's not going to affect your performance, but here's what I think. 

Ben found the observations useful in terms of feedback but the observations should not 

be threatening and should not be tied to performance evaluations.  

 Lesson planning. For planning, Ben suggested that planning ahead would help 

cut down on the amount of time spent throughout the semester. He suggested that the 

science education researcher should have access to the course objectives beforehand, 

should research assessment instruments beforehand and should put the assessment 

instruments in an accessible format before the semester starts. In his third interview, he 

stated,  

 Doing it more ahead of time I think would be helpful… I think maybe if you had 

it kind of worked out ahead of time. Like if you had their syllabus and their 

objectives, and then said, "These are the misconceptions for this objective, and 

these are the questions that really target at the misconceptions on this objective." 

Planning and working ahead of time may decrease the amount of time spent planning and 

researching throughout the semester.  

 Reflections. In terms of reflection, I asked Ben if he would want to reflect about 

his courses with someone again. He stated, “I like reflecting with you, but I think that 
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could be something that could be cut down or something like that. Time wise, I don't 

know.” I asked his if it would have been more beneficial and would have taken less time 

for his to write a reflective journal, rather than reflecting verbally with me. He stated, 

 Maybe typing would be faster, but I don't know that you would really capture it 

all. Maybe everyone could make notes after their class, or you could make notes, 

the participant could make notes, and maybe meet once a week to go over those 

notes or something like that. Although, we're meeting a few days later, and it's 

hard to remember things. So, I don't know for sure. I think if people made notes, 

and then talked about it later that would be good. Interview 3 

So perhaps one way to decrease the amount of time reflecting would be for the faculty 

member and the science education researcher to take notes about the class and meet to 

reflect once a week.  

 Collaborative relationship. Ben also noted that the type of relationship he and I 

had affected the collaboration. He mentioned that some of his colleagues would not be 

able to engage in this type of relationship because “for some of my colleagues it might be 

hard to change what they've done, because they've done it for so long and they feel like it 

works for them.” For Ben, not only does it depend on the faculty member, but an 

effective collaboration also depends on the science education researcher. When I asked 

him what type of person he would not have been able to collaborate with, he stated, “a 

micromanager.” He further explained, “You made suggestions, but you didn't make me 

do them.” At first, Ben was worried that I would make his do activities and strategies that 

I suggested. He stated,  
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 I was really worried at first, because at first we were talking about how we could 

do this question this way and this question this way. Then, I would get up and do 

my little song and dance, and I would forget it… [I was worried] you’d be like, 

"We said we'd do it this way." I think you'd even ask me why you chose not to do 

it this way and I’d say I don't know. So, I think if you pushed too much on that 

that would have been difficult for me. I don't know. I'm organized, but only 

because if I wasn't so organized everything would fall apart. So I think that would 

be tough if somebody was very micromanaging and very like, "Well, the research 

shows that it should be done this way. Do it this way."  

It would have been difficult for the Ben if I had forced his to do something rather than 

just make suggestions. On the other hand, Ben stated that he does need some direction so 

he would not have benefitted from the collaboration if I had not made any suggestions. 

He stated, “on the other end I think someone too far the other way would be bad for me 

too. I need some direction and help.” 

 Indeed, it was challenging for me to develop an effective working relationship 

with Ben so that I was able to make my suggestions without making his feel like he was 

forced to implement a strategy or assessment. Early on, we figured out that Ben needs 

time to think by himself about my suggestions and how to incorporate them into his 

instruction. For example during one lesson planning session, Ben stated, “it’s hard. In 

thinking right away. What I think my answer is.” LP_20 After that, our planning sessions 

consisted of reflecting about the previous class period, his goals for the next class period 

and my suggestions based on available assessment instruments on the topic and research 

on assessment. Ben would then take some time at home to do activities outside of his job, 
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work on his lesson for the next day, and then send me his lesson via email for me to 

review. This is evident during one lesson planning session. 

Ben: I like it a lot better when I have time to look at it and have my ideal picture 

in mind. If I can picture it and think about what I really want to do. 

Morgan: so would you like to think about what you want to do and send it to me? 

Ben: yeah otherwise, we’ll look through it and then I will slowly think about it 

and then I will have to go through it later. LP_45 

It is also important to note that not only did Ben need time to process the information for 

the class and my suggestions, but he also needed positive feedback from me as well.  

This is evidence in one of our lesson planning sessions. 

 

Ben: Yesterday I was like ‘oh my gosh, there is so much stuff to do.’ I felt like ‘I 

made this review,’ and this review, not that you were saying that this isn’t good 

enough but I don’t have time to get this done and I have this and I think this is 

pretty good. 

Morgan: I should have said this look great, here’s some suggestions. 

Ben: and I was like ‘I have all this other stuff and now I have to change all this.’ I 

think it is really hard to change things for the very next day when you think you 

have everything planned. I feel like I was rude and grumpy. I was like ‘what did I 

miss?’ it is related to the objectives. It’s what I wanted them to know. 

Morgan: thinking back to yesterday I thought you did a nice job thinking about 

the objectives and what they mean to you and coming up with questions related to 

the objectives. Because I do think that the course objectives are vague and can be 

interpreted in different ways. And as a student, the students could be interpreting 
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them in different ways than what you are and if they interpret it different, they are 

going to get the questions wrong. I thought you did a really nice job with that.  

Ben: not to tell me I’m great. 

Morgan: positive feedback is important.  

Ben: well thank you. 

Morgan: I apologize. I was just thinking of a few more things that maybe you 

could put in there.  

Ben: I put a couple of things in and I do think it is a good idea. I just thought “oh I 

thought I was almost done and then here is 8 pages of questions that might or 

might not work.” and I thought “when am I going to have time to read 8 pages of 

questions and write a final.” LP_45 

This excerpt shows that I needed to be cognizant of and recognize the work that Ben has 

already done on the assessments and praise him for it.  

Summary 

In this chapter, I described how using assessment instruments and engaging in 

PAR supported Ben’s science teacher assessment literacy. I also described how 

departmental factors can hinder the support assessment instruments and PAR can 

provide. I also described benefits and challenges in the college science classroom with 

using assessment instruments and engaging in PAR. In the final chapter of this 

dissertation, I discuss my findings in light of the existing literature and the contributions 

this study makes to that body of knowledge. In addition, I outline the implications of this 

study for the implementation of PAR the use of assessment instruments by science 

faculty and further research in this area.  
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CHAPTER 5 – DISCUSSION AND IMPLICATIONS 

The purpose of the study was to investigate how engaging in PAR and using 

assessment instruments could support a college instructor’s science assessment literacy. 

The research questions for this study were (a) In what ways do PAR and the action 

research cycle focused on implementing assessment instruments support a college science 

instructor’s assessment literacy?, (b) What factors act as barriers and facilitators for 

college science instructors using assessment instruments?, and (c) What do college 

science instructors perceive as benefits and drawbacks of engaging in PAR? In this 

chapter, I consider how my findings fit with existing literature and then discuss how my 

study makes novel contributions to the field. Next, I outline suggestions for future 

research investigating science teacher assessment literacy as well as implications for 

future applications of assessment instruments and PAR. Finally, I describe limitations of 

the study.  

Developing Faculty Science Assessment Literacy 

Improved pedagogical decisions are linked to assessment practices (Crooks et al., 

1996); therefore, professional development to improve assessment has the potential to 

improve teaching and learning in the college science classroom. Professional 

development programs have been shown to increase teachers’ knowledge of assessment 

but emphasize that teachers need access to high quality assessment tools to improve their 

assessment practices (Gearhart et al., 2006). This study explored PAR as a form of 

professional development and used assessment instruments (a high-quality assessment 

tool) to investigate a college science instructor’s science assessment literacy. 
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The findings of this study support the notion that engaging in PAR and using 

assessment instruments can support a college instructor’s science assessment literacy in 

several ways. Specifically, the experience helped my participant gain confidence in his 

beliefs about teaching, learning and assessment, expand his knowledge of formative 

assessments strategies, and develop his knowledge of interpretation of assessment data. 

In addition, our PAR collaboration and use of assessment instruments supported Ben in 

integrating his knowledge in ways that supported changes in his practices. However, 

factors relating to departmental policies and mandates regarding assessment for Ben’s 

course limited the growth of his science assessment literacy. 

Enhanced Confidence in Beliefs about Teaching, Learning, and Assessment 

By engaging in PAR, my participant increased in self-confidence in his beliefs of 

teaching, learning, and assessment. This validation resulted in the participant to more 

confidently express his beliefs to his department chair and his colleagues, especially 

when decisions about the curriculum and assessments were being made. Ben’s increase in 

confidence also allowed him to implement his course in a way that more closely aligned 

with his beliefs, such using student-centered activities over lecture and incorporating 

more formative assessment strategies 

Expanded Repertoire of Assessment Strategies 

Ben’s increased self-confidence supported him in seeking consistency between 

his beliefs and practice. Specifically, feeling more confident in his beliefs allowed him to 

incorporate new formative assessment strategies into his instruction. Ben implemented 

formative assessment strategies during class sessions including turn and talks, thumbs up/ 
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thumbs down responses, and group discussions. Ben also began incorporating planned 

learning activities in place of lecture.  

The idea that participating in professional development, such as PAR, can support 

teachers in implementing formative assessments is not novel. Other studies have shown 

that by engaging in collaborative action research, teachers were supported in their 

understanding and implementation of formative assessment (Torrance & Pryor, 2001). 

This study, however, calls attention to the importance of faculty beliefs in influencing 

their adoption of new assessment strategies into their practice. Ben already had beliefs 

consistent with formative assessment, yet he did not already incorporate those into his 

practice. By validating Ben’s beliefs, PAR supported him in acting on those to make 

changes in his practice. This finding lends further empirical support to the Science 

Assessment Literacy Model, which places teachers’ beliefs at the core.  

Expanded Knowledge of Interpretation of Assessment and Action Taking 

Engaging in PAR and using assessment instruments also supported the 

development of Ben’s knowledge of interpretation of assessment. Ben would interpret 

student conversations or observe their facial expressions to make judgments about their 

comprehension and whether he should modify his instruction. Offerdahl & Tomanek 

(2011) also reported that faculty use visual clues such as student facial expressions and 

body language in their assessment but did not use that feedback to modify instruction. 

While my participant used similar assessment practices, he also used those cues to 

modify his instruction ‘on the fly’. Other studies have shown that professional 

development experiences can support teachers’ knowledge of interpretation. For 
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example, Gearhart (2006) found that participating in a sustained professional 

development strengthened teachers’ knowledge of interpretation.  

While these areas of growth may seem small, this experience only took place over 

the course of one semester. Thus, even such incremental changes are significant when the 

duration of the PAR experience is taken into account. It should be acknowledged, 

however, that while Ben demonstrated growth in this area, he did not exhibit growth in 

using assessment data from assessment tools to modify future instruction. His use of 

assessment data to modify instruction was limited to responding to student facial 

expressions and body language by interpreting student confusion to further explain a 

concept. Ben does not enjoy grading and therefore, did not grade assessments quickly nor 

provide extensive feedback. His feelings toward grading seem to be tied to the number of 

students he has and the amount of time he has to grade and provide feedback. 

Integrated Components of the Science Assessment Literacy Model 

 The various components of Abell and Siegel’s model are not discrete; that is, they 

interact in important ways to help teachers achieve science assessment literacy. This 

interaction was evident throughout this study. Ben’s beliefs in teaching and learning and 

his assessment values influenced the types of assessment practices and tools he chose to 

use. Ben was able to integrate his knowledge of what to assess and his knowledge of 

assessment strategies to incorporate assessment instruments, learning activities and 

formative assessments to meet the goals of the course.  

Limits to Ben’s Growth in Science Assessment Literacy 

Even though the development of Ben’s science assessment literacy was supported 

in some ways, that growth was constrained by the assessment policies and practices 
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within his department. Lack of academic freedom and relationships with colleagues and 

the department chair greatly affected the changes Ben felt he could make to the course. 

Being told what objectives to assess and how to assess them greatly limited the 

assessment strategies he could incorporate in the course. Other studies have demonstrated 

how a college science instructor’s efforts can be undermined by more traditional 

assessment systems. Dickinson’s & Flick’s study highlighted a misalignment between a 

professor’s, lab supervisor’s and lab assistant’s goals for instruction and beliefs about 

teaching, learning and assessment (Dickinson & Flick, 2010). In this study, however, the 

discrepancy occurred between Ben’s beliefs and goals for assessment and those mandated 

by the department. 

The misalignment between the Ben’s beliefs and goals for the course and the 

department-mandated course goals presented a dilemma for the instructor in attempting 

to implement assessment practices that were aligned with his beliefs and goals. Often 

times, the participant felt he could not incorporate assessment questions or strategies 

because the goals of the assessments did not match the department-mandated goals. This 

was especially unfortunate when the goals of the course did not align with the 

participant’s own beliefs in teaching, learning, and assessment.  

Ben was also limited in the types of activities he could incorporate into instruction 

due to lack of time, which was further complicated by the amount of material he was 

expected to cover based on the department-mandated goals. Other studies have echoed 

the sentiment that lack of time is a major factor that prevents faculty from implementing 

reform-based strategies (Adams & Krockover, 1997; Brown, Abell, Demir, & Schmidt, 
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2006; Loughran, 1994; Trautmann, MaKinster, & Avery, 2004), especially when trying 

to cover content expected by the department (Henderson & Dancy, 2007).  

Furthermore, the lack of academic freedom coupled with the power dynamic the 

participant experienced with his department chair also influenced how this experience 

supported his science assessment literacy. The participant was worried about 

incorporating certain assessments and strategies when these strategies clashed with 

department chair’s views of teaching and learning. Other studies have described that 

differences in beliefs about teaching and learning and lack of administrative support can 

make collaborations difficult (Brickhouse & Bodner, 1992; Loughran, 1994; Southerland, 

Gess-Newsome, & Johnston, 2003; Volkmann, Abell, & Zgagacz, 2005).  

Barriers and Facilitators of Using Assessment Instruments 

The specific focus of our PAR was the use assessment instruments. Despite 

evidence of the need for assessment resources to support college science faculty in 

improving teaching and learning, currently, there is very little research about the role this 

type of assessment resource can play in this process. There are several contributions this 

study makes to the field in terms of using assessment instruments in the college science 

classroom. First, assessment instruments can help science faculty develop learning 

activities and labs that address student misconceptions. Second, assessment instruments 

can help science faculty incorporate higher level thinking questions into their instruction 

and assessments. Third, having access to articles on assessment instruments that 

consequently outline student misconceptions can not only inform but also validate 

science faculty members’ understanding of students. Even though assessment instruments 
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were very useful for Ben, he found them difficult to use because of formatting and 

availability issues.  

Development of Learning Activities and Labs 

 Research shows assessments instruments have primarily been used to research 

student ideas about a topic, help students be meta-cognitive, and to study the 

effectiveness of various instructional strategies (Crouch & Mazur, 2001; Deslauriers et 

al., 2011; Dori & Belcher, 2004; Hoellwarth & Moelter, 2011; Hoellwarth et al., 2005; 

Pollock, 2004; Vanmali, 2012). This study showed that science faculty can also use 

assessment instruments to develop learning activities and labs. Ben was able to use 

questions from the CINS to write a lab on microevolution and to design an extension 

activity on natural selection, supplemented with a video on Darwin’s finches. Therefore, 

this study shows that assessment instruments can be useful resources for science faculty 

when planning instructional and assessment strategies. To my knowledge, this is the first 

study to show this use of assessment instruments. 

Incorporating Higher-Level Questioning 

This study also demonstrated that access to assessment instruments can help 

science faculty incorporate higher level thinking questions into their instruction and their 

assessments. For example, Ben began to replace recall questions on both his formative 

and summative assessments with higher order thinking questions drawn from assessment 

instruments. To my knowledge, this is the first study to show that assessment instruments 

can be used as a resource for promoting higher-order thinking questions.  
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Understanding Student Ideas 

Along with using assessment instruments to develop activities and incorporate 

higher order questions, this study also shows that having access to articles containing 

assessment instruments that outline student misconceptions can not only validate but also 

support science faculty members’ understanding of student knowledge. Knowing there 

was research that validated his knowledge of student misconceptions helped the 

participant feel more confident in his teaching. 

Even though the participant was familiar with some student misconceptions because of 

teaching experience, others he was unaware of. He was able to use that knowledge to 

inform teaching and plan instruction. This is a very important use of assessment 

instruments because when teachers use their knowledge of learners to inform instruction, 

learning is enhanced (Bransford, Brown, & Cocking, 2000). Additionally, one of the 

central tasks to learning to teach and a difficulty for new K-12 teachers is an 

understanding of students (Davis, Petish, & Smithey, 2006). Since faculty are not 

professionally trained they are akin to new K-12 teachers and face similar challenges. 

This study shows that assessment instruments can provide a resource for faculty on their 

understanding of students.  

Challenges to using assessment instruments 

This study showed that while there were several benefits to using assessment 

instruments, there were also challenges as well. Ben commented on multiple occasions 

that it was difficult to use instruments that were not in a format that could easily be 

formatted to suit his needs. The time it took to format the instruments was not worth him 

using them. Access to the instruments were also limited. I was able access some of the 
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instruments due to my database accessibility but the participant’s institution did not have 

access to as many journals. Even my access was limited because many articles did not 

have the full instrument published with the article. After contacting authors and 

developers of the instruments, only a handful contacted me.  

Benefits and Challenges of Engaging in PAR 

Research has emphasized that professional development for faculty needs to 

personalized and tailored to the instructor’s individual needs (Bouwma-Gearhart, 2012; 

Cole, 1982; Sunal et al., 2001) and provide faculty with ample opportunities to try out 

new practices and adequate time to reflect (Angelo & Cross, 1993; Bouwma-Gearhart, 

2008, 2011; Cowan et al., 2004; Kreber & Cranton, 2000; Menges, 1997; Neumann, 

2005; Nicholls, 2005; Ory, 2000; Prosser et al., 2003; Schon, 1987; Schratz, 1990; 

Travis, 1997; Zuber-Skerritt, 1992). Additionally, professional development for faculty 

should address practical issues and constraints the faculty member faces (Kreber, 2001; 

Weimer, 2003; Zuber-Skerritt, 1992). This study was conducted under the assumption 

that PAR could provide all the necessary components to serve as effective professional 

development for science faculty. My findings demonstrate that the engagement in PAR 

by science faculty and science education researchers can be a feasible and an effective 

form of professional development. Indeed, the participant in this study even stated he 

found this experience preferable to, and much more effective than, attending a workshop.  

Benefits of PAR 

Based on the findings of this study, there are several factors that made this 

collaboration a positive experience for this participant. Having someone to discuss 

instructional and assessment strategies with and having someone to reflect on how well 
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those strategies were implemented was helpful for the participant. Not only did PAR 

allowed the participant to have another perspective and helped him gain new ideas but 

this collaboration also allowed the participant’s ideas to be validated and helped him gain 

confidence in his existing ideas. This collaboration was also especially useful because it 

was not evaluative and therefore, was not tied to job. The participant also felt that my 

daily observations of him provided accountability for his teaching and helped him be the 

best teacher he could be every day. Having someone research assessment instruments and 

student misconceptions was also beneficial to the participant since it was time 

consuming. 

Challenges and Considerations 

 However, it should also be acknowledged that while collaboration was a benefit 

of PAR, maintaining a balance in power among collaborators may in some ways conflict 

with the critical and emancipatory goals of PAR. For example, through PAR, Ben’s 

beliefs, practices, and assessment knowledge were validated and expanded. However, a 

major facet of the development of his science assessment literacy through PAR that is 

missing from the findings are instances when his beliefs, practices and knowledge were 

challenged. At times, I felt that challenging Ben’s beliefs, practices and knowledge would 

have compromised our collaborative relationship and would have led to an imbalance in 

the power dynamic between us. This raises questions about the extent to which this form 

of professional development can result in transformational change and how collaborators 

might navigate that. Other studies have indicated that a challenge of PAR is working 

effectively with other people with differing and competing agendas (Baum, MacDougall, 
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& Smith, 2006) but I am unaware of studies that offer suggestions of how to navigate 

challenging collaborations.  

Implications 

 This study has implications for the role PAR may play in community colleges, 

future research related to science assessment literacy of faculty, future implementation of 

assessment instruments, and future endeavors of engaging in PAR in higher education. 

Community Colleges  

The results of this study offer several implications concerning education in 

community colleges. Faculty development and education reform are particular issues for 

community colleges since approximately 40% of the U.S. population receives education 

from community colleges. Community colleges have unique characteristics that cause 

unique problems. Characteristics of community colleges are more similar to public high 

schools than to universities; for example, students are admitted via open door policies, 

curricula stem from government education requirements, books are selected by 

committees, and faculty have no control over on campus hours or teaching schedules. 

Many of these characteristics unique to community college result in faculty 

dissatisfaction. Faculty are dissatisfied with the level and low achievement of students, 

lack of power and control over policies, lack of support, and lack of professional 

development opportunities (Cohen & Brewer, 1996). This study shows that many of the 

characteristics that are unique to community colleges, such as lack of academic freedom 

and autonomy, can limit an instructor’s science teacher assessment literacy. This is 

unfortunate; education reform in community colleges is important since they provide 

education for almost half of the U.S. population. It has been suggested that one way to 
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improve community college education is to allow community college faculty to become 

more affiliated with teaching as a profession. Community college teachers tend to combat 

their lack of academic freedom and lack of autonomy by literally and figuratively closing 

their doors, becoming solo teachers, and decreasing their affiliation with the academic 

profession. Administration needs to support faculty development by offering funds and 

release time (Cohen & Brewer, 1996). If community college faculty were to engage in 

PAR, the administration needs to allow the faculty more power over decisions they make 

in the classroom.  

Research on Faculty Science Assessment Literacy 

This study was relatively unique in that the participant already had many beliefs 

about teaching, learning and assessment that are advocated by education researchers. 

These were, in turn, validated through his engagement in PAR. Future studies should 

investigate how engaging in PAR and using assessment instruments can support faculty 

members who hold less sophisticated beliefs. Particularly, research should attend to the 

power dynamics within these collaborations, in which science education researchers may 

be more knowledgeable, and how that dynamic can be balanced with the critical and 

emancipatory goals of PAR.  

This study was also unique in that the institution in which the participant worked 

was a community college. This particular institution, and Ben’s department in particular, 

had very specific guidelines for the course grading scheme and assessments to which 

faculty were expected to adhere. These served as a constraint to the development of 

Ben’s science assessment literacy, and thus may have limited the ability of this study to 

show the full potential of PAR and using assessment instruments to support the 
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development of faculty science assessment literacy. Future studies should investigate the 

feasibility and the effectiveness of PAR at other types of institutions and contexts in 

which assessment policies are not so tightly mandated.  

Finally, future studies should investigate how engaging in PAR support faculty 

members long-term. This study was only conducted over the course of a semester, and 

does not address the extent to which developments in Ben’s science assessment literacy 

were sustained. In addition, it occurred in summer, specifically. Ben mentioned his own 

doubts about whether he would have been able to focus on PAR and using assessment 

instruments during the regular term (fall or spring semesters). Future studies should 

include follow-up with participants to understand how engaging in PAR supports science 

assessment literacy long-term.  

Implementing Assessment Instruments 

This study showed that in order for faculty members to use assessment 

instruments, instrument developers must make them user-friendly and accessible. 

Instructors should not have to spend time contacting authors to gain access to an 

instrument nor should they have to spend time adapting and formatting it to suit their 

needs. There needs to be a central website or data base that allows practitioners to access 

and adapt assessment instruments with ease, similar to the AAAS Project 2061 Science 

Assessment Website.  

Engaging in PAR  

This was the first time for both Ben and me to engage in PAR. While our 

experiences cannot be generalized, the thick and rich descriptions of our collaborations 

and the findings of this study can help others identify ways in which this study has 
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relevance and can be applied to their own contexts. To this end, I provide 

recommendations, based on my experiences with Ben, for other science education 

researchers wishing to establish these types of collaborative relationships.  

First, the science education researcher needs to know the objectives and goals of 

the course prior to the start of planning lessons in order to be prepared to give 

suggestions. Much of the time my participant and I spent together was spent reviewing 

the goals and objectives of each lesson and making changes based on that knowledge. 

The time constraints experienced by the faculty member can be lessened by informing the 

science education researcher of the nature of the course beforehand.  

Even though my participant valued reflecting with me, he also felt that it took too 

much time. Ben suggested we reflect less often but reflection is an important part of the 

action research cycle. For future collaborations, instead of reflecting less often, I suggest 

providing prompts for the faculty member so that he/she can reflect on their own. On a 

daily basis, the faculty member can reflect what went well and what did not go well 

during instruction and less often, the faculty member and the researcher can meet to 

reflect.  

Finally, having a candid conversation about each other’s preferred types of 

working relationships is very important. If two people greatly clash in how they work, the 

process can become very frustrating for both partners. Ben enjoyed working with me and 

our working relationship was effective because we had similar beliefs and goals for 

science instruction and we had similar working habits. Our personalities are also very 

similar – we are both straightforward and honest so anytime Ben was feeling frustrated, 

he expressed his feelings to me and I adjusted accordingly. Ben would not have been able 
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to work with a micromanager or someone who forced him to make changes. Therefore, it 

was important that I recognized that and interacted with him in a way that did not seem 

forceful. While it is important to make suggestions to help improve instruction, it is also 

important for the science education researcher to remember to offer positive feedback. At 

times, Ben became disheartened if I offered suggestions to assessments he had designed 

without offering praise for the work he had done.  

Limitations 

All research has limitations that should be considered in evaluating the findings 

and their applicability to other contexts. The limitations to be considered for this study 

include the uniqueness of the context, my education and experience as the researcher and 

PAR collaborator, my protective feelings for my participant, and the nature of PAR.  

Unique context 

Limitations of the present study include the fact that the teaching context were 

unique. This experience took place during a summer semester so Ben only taught one 

section. During a fall or spring semester, he teaches 4-5 sections so during the summer, 

he had more time to meet for reflecting or lesson planning. While this may limit the 

transferability of the findings, other researchers will still benefit from this study by 

adapting the findings and implications to different situations.  

My Education and Experience 

Even though I employed several techniques to reduce bias and establish 

trustworthiness, there are several factors that could have contributed to my bias toward 

the experience and limit the trustworthiness of the findings. I am a faculty member at a 

four-year institution with a background in biology and science education. I have taught at 
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the same institution as my participant and know the student population well. I am 

pursuing a higher degree, have training in college science teaching and have designed the 

study. These factors could have potentially created a power dynamic between me and the 

participant and could have influenced the collaborative relationship. In order to diminish 

this power dynamic, I had a conversation with Ben at the beginning of the experience 

describing our distinct but equally important roles. I told him that while I may have 

training in science education, he understands the students, the content and the teaching 

context better than me. In addition, limitations could result in differences between my 

views of Ben’s assessment practices and their appropriateness and his own perspectives. 

At times when my views differed from Ben’s, I would make suggestions and gauge his 

response. If he was hesitant or suspicious of a strategy or tool, I did not push the 

suggestion on him. One major difference in our views was related to grading. I use 

assessment data to modify my instruction and give extensive feedback to my students but 

Ben did not and he hates to grade. After the first few times of asking Ben about how the 

students did on a homework assignment or quiz, and hearing how he has not graded it yet 

and won’t for a while, I stopped asking. Ben expressed several times that this experience 

took up a lot of his time and I did not want to ask him to spend more time grading.   

My Protective Feelings 

My protective feelings toward my participant could have also influenced the 

findings. Since my participant had very little academic freedom and autonomy from the 

department chair, I felt resentful toward the institution and the chair. Another researcher 

may not have taken such a critical stance toward this aspect of the faculty member’s 

experience. My own current experiences as a faculty member influence this. I have 
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complete academic freedom and support from my department chair and therefore, was 

appalled by my participant’s experience. He may have accepted the situation as ‘normal’ 

had I not been present, and my feelings toward the situation may have caused the 

participant to feel distressed by the situation as well. 
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Appendix A: Observation Protocol 

Date:         Observer: Morgan 

Presley 

Setting:        Participant:  

Start/stop time:  

Observations Observer Notes 

  

 

 

 

  

  

  

  

  

  

  

  

  

  

  

  

Annotations: I – instructional strategy; A – assessment strategies; M – 

misconception/student difficulty; D – deviation in instruction from lesson plan; C – 

content of the lesson; E – participant’s efforts to elicit student misconceptions; R – 

participant’s response to student questions/difficulties 

 

Observer notes: personal notes and researcher biases 
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Appendix B: Interview Protocols 

Interview 1 Protocol 

Purpose: to gain an understanding of the participant’s background, beliefs about teaching, 

learning and assessment, and assessment literacy.  

 

1. How did become a science faculty member? 

2. Talk to me about your relationship with your administration? your students? your 

colleagues?.  

3. What does good science teaching look like to you?  

a. What do you view as the teacher's role during instruction? 

i. Can you give an example? 

b. What do you view as the students' role during instruction? 

i. Can you give an example? 

c. If you could design the ideal science lesson, what would it look like?  

4. What do you think are the most important goals in teaching science?  

a. What do you do in order to help students meet your science learning goals?  

5. How do you know whether students meet those goals? 

b. What kinds of exams/assignments/etc. do you give? 

c. How well do these exams/assignments let you know what the students know 

and don’t know? 

d. Are there other things you grade that let you know what students know and 

don’t know? 

e. Are there things you don’t grade that let you know what students know and 

don’t know? 

6. How do you grade/evaluate these (exams, assignments, etc.) 

a. Do you grade these yourself and/or use a grader? 

b. What do you take into account when assigning grades? 

c. Do you provide feedback other than grades? Explain. 

7. What do you do after you have graded these assignments/exams/etc. or provided 

feedback on other things? 

a. How is work returned to students? 

b. Are these revisited in class? If so, how? 

c. How do you take students’ performance into account in your teaching? 

Interview 2 Protocol 

Purpose: To gain an understanding and details of the instructor's present experience 

collaborating with a science education researcher to incorporate instruments into the 

classroom. 

 

1. Walk me through a typical day for you. 

a. What time do you get up? 

b. What do you think about/do in the morning before coming to work? 

c. What do you think about/do when you get to work? 

d. How do you prepare for the day? 
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e. What do you think about/do immediately following the end of a class period? 

f. What do you think about/do in the afternoon and evening of a typical day? 

2. Describe your experience implementing this course.  

a. Is it your first time implementing this course? If so, what has surprised you? If 

not, how has this semester been different from other semesters you have 

implemented this course? 

3. Describe your role at this institution.  

a. As a full-time instructor, what is your role? 

b. Do you engage in any administrator responsibilities? 

c. Besides teaching this course, what other job duties do you have?  

4. So far, what has it been like co-planning with me? 

a. So far, what have you found most helpful? Most challenging? 

5. Describe what it is like incorporating instruments into your instruction. 

a. So far, what have you found most helpful? Most challenging? 

Interview 3 Protocol 

1. Given what you have experienced this semester planning instruction with a science 

education researcher (me), what role do you think collaboratively planning with others 

can play in the college science setting? 

 a. What was most helpful to you? Most challenging? 

 b. Would you recommend PAR to your colleagues? Why or why not? 

 c. Would you engage in PAR again? Why or why not? 

2. Given what you have experienced using instruments, what role do you think 

instruments can play in the college science classroom?  

a. What was most helpful to you? Most challenging? 

 b. Would you recommend using instruments to your colleagues? Why or why 

not? 

 c. Would you use instruments again? Why or why not? 

3. At the beginning of the semester: 

a. you thought good science teaching look liked….what do you think now? 

b. you viewed the teacher's role during instruction as…what do you think now? 

c. you viewed the students' role during instruction…what do you think now? 

d. Your ideal science lesson looked like this… what would it look like now?  

e. You thought the most important goals in teaching science were… what do you 

think now?  

f. You used these types of assessments…what do you think about these 

assessments now? 

g. You graded these assessments like this…how would you grade assessments 

now? 

h. You used graded assessments like this…how would you use these graded 

assessments now? 

6. Based on your experience this semester, what are your plans for future instruction? 



157 

 

Vita 

 Morgan Presley grew up in Batesville, Arkansas where she completed her primary 

and secondary education. Morgan earned a Bachelor’s degree in Biology from Lyon 

College. Morgan continued her education at Missouri State University in Springfield, 

Missouri where she earned a Master’s degree in Biology.  

 Morgan entered the doctoral program in the MU Science Education Center in 

2011. During her two years with the program, Morgan worked on five research projects 

and published two papers. At the end of her second year, Morgan accepted an instructor 

position at Drury University in Springfield, MO. She currently teaches undergraduate 

science courses in the Biology department. Morgan successfully defended her 

dissertation in 2015 with Dr. Deborah Hanuscin as her dissertation supervisor.  


