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This chapter reviews a collaborative effort to cross-pollinate
and share work around chemistry assessments across several
universities. The goal was to find ways to synthesize separate
projects and capitalize on applying developed instruments and
assessments beyond a single university, and in new situations,
to increase scale and check for generalizability. Discussion
of the successes and challenges of scale and transfer of the
collaboration is detailed in this chapter.

By definition, collaboration is “a coordinated, synchronous activity that is the
result of a continued attempt to construct and maintain a shared conception of
a problem (1).” In theory, collaborations appear to be an easy way to combine
the power of multiple minds in the joint effort of developing a product or set of
products that could not be done by a single individual (1, 2). However, in practice,
there are logistical issues (3), different mindsets and habits of mind (4), as well as
unspoken end goals or motivations (5) that can impact the effect collaborations can
have. Additionally, underestimating these issues moderates the amount of transfer
and scale that is possible in multi-site collaborations (6, 7).
This chapter discusses the synthesis of the multiple projects across multiple
universities to address a larger issue in undergraduate chemistry. In this
collaboration, the goal was to develop a system of chemistry assessments that
could be used collectively to inform instruction for undergraduate chemistry
instructors. The thought was that the combined use and comparison of different
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measures would provide insight into how the instruments better determined
similar or different types of knowledge and understanding than a single project
usually would entail. This collaborative effort synthesized work together by
having separate projects interact. It was not just a summary of different discrete
projects, rather, a variety of combinations that would allow projects to interact
in various ways, within and across different universities, chemistry courses, and
combinations of uses.
The outcomes of the overall collaborative effort, both in terms of the
successes and challenges, will be examined through five main themes: (1)
previous partnerships prior to this large-group collaboration, (2) similarities and
differences in project goals, (3) university support for conducting and scaling up
chemistry education research, (4) the use of original and modified instrument
measures for comparison across years, classrooms, and universities and (5)
how instructor beliefs and values affect how they use different information for
assessing student learning. The first two ideas are grouped under the theme of
collaboration, while the latter two themes focus on scale and transfer. The third
idea about university support, deals with both collaborations as well as scale and
transfer.

Collaborations: Previous Partnerships Prior to
This Large-Group Effort
This collaborative effort consisted of eight principal investigators from
eight different universities. Each of these PIs is a distinguished faculty member
specializing in chemistry education, all with a focus on synthesizing assessment
ideas and instruments within undergraduate chemistry. They are listed below in
alphabetical order with their department and current university affiliation:
•
•
•
•
•
•
•
•

Stacey Lowery Bretz, Department of Chemistry & Biochemistry, Miami
University
Melanie Cooper, Department of Chemistry, Michigan State University
Thomas Holme, Department of Chemistry, Iowa State University
Jennifer Lewis, Department of Chemistry, University of South Florida
Norbert Pienta, Department of Chemistry, University of Georgia
Angelica Stacy, Department of Chemistry, University of California,
Berkeley
Ronald Stevens. Department of Microbiology, Immunology, and
Molecular Genetics, University of California, Los Angeles
Marcy Towns, Department of Chemistry, Purdue University

As proof of concept to show collaborations yielded successful results,
all eight principal investigators (PIs) on the larger project worked together
in some capacity – mainly through pairwise partnerships – previous to the
award of this collaborative grant through the National Science Foundation’s
Course, Curriculum, and Laboratory Improvement (CCLI) grants: Collaborative
Research: A Model for Data-Driven Reform in Chemistry Education (Award ID
158
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DUE-0817409). One of the reasons NSF was interested in supporting this larger
collaborative effort was because of the previous successes of the PIs working
together in pairs or triads, showing some initial synergies for advancing their
work in chemistry education. Another was that each of the principal investigators
was in their own right leaders in chemistry assessment, and as a group they
might contribute to a new wave of how these assessments and corresponding
information could be used to improve instructional practices of undergraduate
chemistry instructors.
What is interesting to note is that none of the PIs were from schools of
education, rather, they were housed in departments of chemistry, or in one case, a
different, but closely related, science department. So, the fact that they were all
based in their strong content knowledge of chemistry, yet interested in employing
educational practices like development and measurement of content-based and
non-cognitive assessments to their content area, was indeed a major undertaking
and leap forward to advance how assessments could inform undergraduate
chemistry instruction. In short, chemistry faculty members specializing in
chemistry assessment is new area of study that currently only has a small number
of researchers invested in the work. This group wanted to help support chemistry
instructors by better understanding what undergraduate chemistry students
understood and had misconceptions about from a content perspective. From a
non-content cognitive perspective, the group was also interested in developing
and using measures of students’ self-efficacy and metacognitive skills, which
they postulated could be used to target students more at risk because of a lack
of confidence or lacking of study skills to effectively succeed, primarily in a
first-semester, gateway, chemistry course.

Collaborations: Similarities and Differences in Project Goals
Given the similar outcomes and intent of previous individual and pair-wise
partnerships, the collaborative effort of eight principal investigators along with
similar research interests for measuring student cognitive and non-cognitive
factors, the project envisioned collaborations to expand both the depth of the
assessment research and the scale of the application of assessment instruments.
Thus, the overarching interest of the collaborators was ultimately to both improve
chemistry instruction and develop students’ metacognitive skills. From the outset,
all partners in this project seemed to have the same overall goal, where each PI
would be able to contribute his/her part. An outside evaluator with specialization
in developing and evaluating educational assessments, Pamela Paek, was charged
with analyzing the findings of this collaborative effort. This chapter demonstrates
this evaluation, along with recommendations for future collaborations.
Collaboration Proposal and Plans
The collaboration was initially proposed as a three-year study, to provide
time to conduct synergistic activities beyond single universities across multiple
years in chemistry assessment. This format would allow PIs to replicate findings
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over multiple years, potentially begin some longitudinal studies, and allow for
adaptations and modifications as needed to extend or refine current instruments for
further study and analysis. However, the funding level for the project was notably
less than what was initially proposed and the timeframe was reduced to 18-months.
As such, the project’s change of scope focused more on the initial activities that
could be done across universities, but not necessarily gather data beyond a single
year or be able to move too far with scale and transfer, given the timeframe.
As in any research project, an 18-month research study involving students
and faculty would mean potentially only 2 semesters worth of data, assuming
each researcher would be able to have research instruments ready to administer,
human subjects approval, and other logistics in place for other instructors on board
to implement, as well as graduate students to support the work. While this 18month funding window in principle allowed a basis for initiating collaborations
across universities, the logistics for doing so required substantially more time to
successfully carry off within each institution, and was compounded when trying
to scale beyond a single university and researcher.
Since all collaborators had been previously involved in using and developing
different assessment instruments, the goal of the first six months was to use existing
instruments to gather baseline data, provide comparative data for students and
instruments at the institutions involved in the project, and address logistical issues
that may arise from the collaboration. The challenge here was not about continuing
research on work that was already in place, but around the collaborative efforts to
cross-pollinate assessment instruments and conduct comparative studies between
institutions, and across cohorts within institutions. This challenge proved to be
the most difficult, outside of the issues of faculty members within institutions not
utilizing the instruments for the purpose of informing instruction. So, scale became
problematic not only within universities beyond the main researcher onsite, but
also across universities.
The researchers were realistic in that the limited timeframe would inhibit
scope, as they would be able to establish baseline data, but not be able to conduct
longitudinal studies. There would also be limited opportunities for repeating
studies to confirm initial observations related to content changes for assessments
that were still being developed and refined. Additionally, the ability to discover
several synergies between assessment instruments was limited due to how quickly
each researcher was able to pool resources to utilize collaborators’ instruments
and integrate those with their own instruments at each university site.
While the group requested and was approved for a no-cost extension of this
grant, the time that was afforded was merely to provide setup for the activities
they wanted to engage in. The original timeframe was extended to allow for more
time on instrument development, plans for cross-site studies, and initial analyses
of these results. Even with the more limited funds acquired via this grant, with
the extended time, the PIs were able to produce a myriad of presentations and
publications that highlighted the different partnerships in this collaboration, one
of which was a joint publication of all eight PIs (8).
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Refocused Collaborative Efforts in a Compressed Timeframe
A large focus of the collaboration was on development and uses of affective
and metacognition measures, as seen in the use of the full Metacognitive
Awareness Inventory (MCAI) (9, 10), a modified version of the MCAI, a modified
version of the Attitude toward the Subject of Chemistry Inventory (ASCI) (11,
12), and CHEMX (13, 14). The goals of using these measures were to see
how performance on these assessments related to students’ performance on
chemistry assessments. Data collection included gathering pre-test performance
to compare to later chemistry assessment performance as well as gathering
post-test performance to evaluate change on the non-cognitive measures and how
this change was related to understanding of chemistry content. The goal was to
analyze the relationship of these data points and to see how instructors may be
able to use the pre-test measures as ways to intervene and better support students’
efforts and approaches to learning.
A second area of focus was on developing ways to better assess students’
approaches to learning, as evidenced by the use of an instrument measuring key
concepts (15–17) that include the misconceptions students may have on these
complex topics (18, 19), reasoning concepts using the Test of Logical Thinking
(TOLT) and Group Assessment of Logical Thinking (GALT) (20), as well as
the use of IMMEX (21, 22). The goal of using these measures was to find a
way to better understand students’ problem solving strategies and key areas of
misconceptions, to help instructors have the data they need to support students
and target instruction more effectively. Figure 1 provides a timeline of the
various implementation of instruments over the various schools in the project.
Schools appearing above the arrows indicate the location where the instrument
was developed or adapted, and those below the arrows are the additional schools
the used that instrument and thereby provided cross-validation data available to
this project.
While there were similarities and interests in the different assessments
developed or under development, there was no whole group effort to use one set
of assessments across all eight universities. Rather, the collaboration appeared to
be a continuation, with some expansions, of previous partnerships that extended
into new and refined instruments, or extending the pairs into groups of three
or four. The one common thread for several of these small groupings was the
collaborator who focused on the measurement effort, as her role was to analyze
each new assessment to validate the overall construct. This included, for example,
investigating factor loadings, and providing advice on possible refinements, using
statistics, for future versions of each assessment. This activity, however, did not
extend to each collaborative implementation of assessment carried out within the
project.
Even with the compressed timeframe and complexities of conducting a
multi-PI research endeavor, a significant amount of collaborative research
was conducted, with results published of these collaborative efforts in twelve
publications, including one joint publication of all principal investigators and
the evaluator of this collaborative (8). The whole group publication described
the intent of the collaboration and the goals for working across universities,
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instruments, and contexts, to show how these different measures could work
synergistically to move the chemistry assessment field forward and assist in the
way chemistry instructors could improve their teaching, and thus increase the
success of their students’ master of core content in their classes. Funding from
the grant was often used to support graduate students within the individual PI
research groups, so seven of the publications from the project include graduate
student co-authors.

Figure 1. Timelines for implementation of assessment instruments at
collaborating universities. Instruments are listed down the left side. A university
listed above the arrow is the instrument developer and those listed below the
arrow are instrument users.

It is an understatement to say collaborations take considerable energy and
effort to keep everyone focused on the same sets of goals and outcomes. Two
meetings of all PIs on the project were held in order to enhance communication
and re-establish group priorities during the project. Nonetheless, with more time
and funding to support the diversity of expertise and opinion, this collaboration
could have been even more successful in terms of the increased transfer and scale
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University Support for Conducting Research
Each collaborator was very thoughtful and inclusive in the way they included
their graduate students in their research. The number of publications that included
graduate students as coauthors testifies to the fact that these PIs knew how
to mentor and support their students. In many cases, the students were given
autonomy to lead parts of their research projects, as well as publish not only as
secondary authors, but first authors of the research. If left to do their own research
without a need to transfer and scale their work to other instructors within their
department, each PI demonstrated high success in their independent endeavors,
as well as through their students. It was only when the collaborators had to rely
on faculty peers or college or university administrative efforts that their research
agenda was compromised: by lack of buy-in, support, and investment from other
faculty members, and administration to truly use the developed measures as they
were intended.
When collaborators would ask other chemistry instructors to administer their
assessments and use the data to inform their practice, the results from these peers
were always lower than the partners in the collaborations. These findings may
be a result of faculty peers not understanding the benefits as clearly as the PIs
for using the information. These cooperating faculty members may also not have
shared the same level of interest for improving their instruction. So from the outset,
different motivations for using the assessments lead to different implementation
and use of the information. In fact, two of the PIs specifically analyzed instructor’s
perceptions of what content they prioritized, and the types of information they used
to support those beliefs (23). This is discussed further in the section below related
to transfer and scale.
The other challenges that assessment studies often face arise from a need
for student level data beyond what a PI may automatically have for students in
their course. For instance, data such as previous science performance, GPA,
demographic information, or other data that could be used to adjust for prior
performance, or be used to demonstrate potential differences by subgroups is
often unavailable or quite difficult to obtain. For courses taught by faculty
members outside of the collaboration, PIs were either unable, or significantly
delayed (more than two years at one university) to gain access to such data,
which was critical for their analyses to demonstrate similarities and differences
of classes, and to even make headway for generalizing results. Without this
information, it was impossible to begin to study how well assessments scaled or
transferred when used by other faculty members. This type of hold-up obviously
affects the timeliness of research for individuals or groups to be published, but
also demonstrates the lack of support mechanisms at universities to provide
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discipline-based education research (DBER) faculty members the data they
need to conduct their research. Given that all universities participating in the
current project have top tier research ratings, one would think that administrative
efforts to facilitate research would be more universal for DBER faculty members,
allowing them to contribute to the university’s reputation as strong research
institutions. This comment is not to say that the collaborators were directly
blocked from access to additional data. Rather, this observation reflects an overall
sense of institutional apathy towards being more proactive to support their faculty
researchers. It is the lack of action and/or attention of university administration
that is the issue here. With less tenacious individuals, the amount of publications
and research that would have resulted would likely have been slim or even
none. The role of institutional barriers to successful scale-up of assessment
research represents a key finding of this analysis of large scale, cross-institution
collaborations, even though the finding is a result within what may broadly be
considered research university environments. The point to be made is that until
individual university administrations are more proactive and supportive of the
data they can provide faculty research, collaborations across universities will be
further hindered in their ability to transfer and scale research.

Transfer and Scale: The Use of Original and Modified
Instrument Measures for Comparison Across Years,
Classrooms, and Universities
McDonald and colleagues define scale as “the practice of introducing proven
interventions into new settings with the goal of producing similarly positive effects
in larger, more diverse populations (7).” Part of scale includes modification and
transfer, where initial research provides information to potentially improve and
refine initial measures and hypotheses, and then replicate the results within similar
settings or scale to other settings.
One premise of the members of the collaboration was that chemistry
instructors are more likely to adopt assessment instruments that require little
time to use and analyze. As such, early on in the project, a shortened version of
a previously published instrument (24) was proposed and validated (11). This
new ASCI instrument as well as a modified version of MCA-I were then tested
across three universities, to see what findings would hold or differ across sites
and demographics.
Similarly, a preliminary study of CHEMX across these three universities was
conducted, to analyze how well results generalized within and across sites (14).
While there were the hopes for the overall project to carry out work of this nature
across more instruments, including more years within and across universities, in
the timeframe available, only these smaller studies were achievable. However,
these studies showed promise for how this information could be used to inform
instructors about cognitive factors, both content and non-content related. These
findings would then need to be incorporated by instructors in how they would
use such data to change their practice, which is a point of further study for this
team of researchers. This collaboration was only on the verge of exploring
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Transfer and Scale: How Faculty Beliefs and Values
Impact How Different Information Is Used for
Assessing Student Learning
Within any academic discipline there are two main approaches for dealing
with content coverage within a course: treating a broad range of topics rather
lightly or addressing fewer topics in greater depth. A significant amount of
material can be covered at a relatively superficial level while more integrated
in-depth exploration of fewer topics may mean deeper understanding of a smaller
range of content. Choices made in this regard have a large impact on assessment
choices that accompany instruction. This project was implemented largely
within introductory chemistry courses. Because these courses include a large and
growing list of topics, with high expectations of mastery, coverage that balances
breadth and depth is a constant challenge for instructors of these courses. As
Cooper states, “general chemistry... covers too much material, thereby sacrificing
depth for breadth (25).”
What compounds the problem of depth versus breadth is instructors’
understanding of how students learn. A relative lack of familiarity often leads
to the failure to use instructional strategies that would engender more student
motivation and interest as well as sound pedagogical techniques for ensuring
mastery of content. While not universally true, chemistry faculty members at
research universities may treat the teaching of undergraduate courses as a less
attractive part of their academic responsibilities. Therefore, it is unwise to assume
that instructors in the large-lecture introductory courses are particularly interested
in the ways students learn. It would also be a notable assumption that many of
them have a profound understanding of educational assessment. Operationally, it
appears more than likely that they are interested in instruments that survey a wide
host of concepts (hence, wider breadth) rather than depth. Such assessment is in
line with faculty beliefs that the purpose of these introductory courses is generally
to provide an overview of the subject. In fact, an article focusing on the questions
to ask instructors about assessment, not just as a compliance task, but actually
making meaning of what assessments can do (26), demonstrates one form of
professional development that could help research faculty make more meaning
out of assessment efforts in introductory courses. Ideas such as this help frame the
reasons for why assessment development work is important. In addition, research
that investigates the reasons instructors enumerate as to why change may not be
happening becomes vital because of different beliefs and values of what teaching
is, and what is important to learn (23).
The role of assessment within higher education is not wholly ignored,
but the willingness of many instructors to commit limited time resources to
enhancing their measures of student learning is apparent. This situation may
have a particularly large effect in science courses that occupy a service role in the
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curriculum of a majority of the enrolled students. Additionally, faculty members
who lack strong foundations or interest in instructional methods may inadvertently
eliminate potential chemistry majors because they did not engage all students
to be successful in learning the content of these general chemistry courses. The
research that the collaborators in this project conducted on misconceptions,
reasoning, conceptual frameworks, and problem solving all demonstrated that
if this information was not somehow attended to, students would generally lack
a true understanding of complex ideas. Without such a depth of knowledge
these students can be expected to be less successful at carrying the content
information into future chemistry courses (if they continued). They would also
miss out on opportunities to improve the way they could reason and problem
solve, because they were not given more opportunities to improve upon those
higher-order thinking skills. In short, without using assessment information of the
type provided by this collaboration, other faculty continue to miss opportunities
to help students learn the content more deeply, improve upon their general
approaches to learning—including self-efficacy and metacognition—and overall,
inadvertently contribute to the attrition of science majors. Thus, the challenges
with obtaining buy-in from fellow faculty members that the collaborators faced
in this project become a particularly important observation. Even with high
quality, publishable results from DBER efforts, the transfer of these ideas to other
instructors represents a central challenge in the cause of using sound evidence
of student learning in the reform of teaching and learning. Not only does this
impact the teaching efforts of instructors, but in the longer term serves to limit the
pool of new science talent because students are less engaged and instructors are
less focused on improving the ways their students can learn and grow. It will be
important that future grants include time and money to support faculty buy-in and
professional development to ensure more success in transfer and scale of reform
efforts.

Summary
Ultimately, the yet unachieved goal of this collaborative was to point to a
new era within chemistry assessment. Not only can there be measures to improve
the ways different assessments can unpack students’ misconceptions, knowledge,
and interest, they can also inform instruction, to assist more students to achieve
success in chemistry. And further, better understanding the expectations of
faculty members informs the fledgling chemistry assessment research in what
these instructors see as critical to assess and teach. These studies of the academic
environment provide more insight into why certain measures or data would not be
used or disregarded to inform their practice. As such, headway is being made, but
more time and research is needed to forge ahead with a new era of new chemistry
assessment use.
For change to happen within and across each educational level, the structures
and support processes must be revised to accommodate and successfully
implement (as well as sustain) large-scale change across all levels. This
collaboration suggests that for scale-up, there is a need for both buy-in and
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support from instructors as well as administration to successfully implement
these reform efforts. Additionally, it is important to understand the contexts
in which faculty members operate and to better understand their own beliefs
about student learning and the types of data they value for measuring student
learning. Without a better understanding of sources of resistence to the use of
assessment instruments, scale-up will prove challenging, especially if results vary
due to faculty beliefs and values of how and what students should learn in these
undergraduate chemistry courses. This point must not be taken lightly – as this
issue is systemic in education, from K-12 to higher education.
For the assessment and evaluation community, there are certainly significant
issues related to scaling and transferring research to more practical venues.
Because of the successful and perseverant nature of each of these collaborators on
this project, they were able to champion their own work, move forward with their
own research agendas, and still individually be quite prolific in their publications.
The progress of STEM education reform cannot become solely dependent on the
resilience and persistence of individuals for research to be successful. Rather, the
development of infrastructure that would enable participants to be successful in
collaborative efforts becomes apparent, and a must-needed investment. Several
different levels of institutional involvement are important, in particular: (1)
university support from both peers and administration; (2) grant funding that
provides adequate resources and opportunities for collaborators in various
locations to work together onsite and over longer time scales; (3) resources to hire
a person in charge of coordinating separate endeavors as their sole responsibility;
and (4) an understanding from funding agencies about how long it takes to
develop, cultivate, and support collaborations. There is little that can be done
in a short timeframe such as 18 months, and for scale and transfer to happen,
more time, money, and logistical support is needed to provide any opportunities
to replicate results over multiple years across sites. Collaborators on projects of
this type need to spend more time to cross-pollinate and learn from each others’
efforts and results, and continue to build and refine how each participant’s efforts
contributes to the overall project. As shown in many individual projects, this
work can be done if there is one PI and one project as the focus. There has
been relatively little work, however, that attempts to understand collaborative
efforts that arise from multiple individual PI projects. This is definitely a missed
opportunity to synthesize individual work into something larger that has such
potential for positive change to undergraduate science teaching and learning.
This chapter identified some characteristics of collaborative projects that
funding agencies can use to discern probable success and to learn what it would
take to help those project do well. To summarize, the need for grants that span
a longer period, similar to those in scale-up studies would be most appropriate
for any collaborative effort, as collaboration can be viewed as a version of scale
—with slight modifications or development, rather than full scale-up and efficacy
trials. If collaborations—those where PIs combine their research agendas into
a larger set of studies, not just working jointly on a project within or across
departments and/or universities—could be classified in their own category, that
would also prove helpful to address the complexity of what it takes to truly
cross-pollinate multiple research projects.
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