
Nelson et al. Discip Interdscip Sci Educ Res            (2023) 5:11  
https://doi.org/10.1186/s43031-023-00079-0

RESEARCH Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

Disciplinary and Interdisciplinary
Science Education Research

Characterizing faculty motivation 
to implement three‑dimensional learning
Paul C. Nelson1*   , Rebecca L. Matz2, Kinsey Bain3, Cori L. Fata‑Hartley1 and Melanie M. Cooper1 

Abstract 

The National Research Council’s Framework for K-12 Science Education and the subsequent Next Generation Sci‑
ence Standards have provided a widespread common language for science education reform over the last decade. 
These efforts have naturally been targeted at the K-12 levels, but we have argued that the three dimensions out‑
lined in these documents—scientific practices, disciplinary core ideas, and crosscutting concepts (together termed 
three-dimensional learning)—are also a productive route for reform in college-level science courses. However, 
how and why college-level faculty might be motivated to incorporate three-dimensional learning into their courses 
is not well understood. Here, we report a mixed-methods study of participants in an interdisciplinary professional 
development program designed to support faculty in developing assessments and instruction aligned with three-
dimensional learning. One cohort of faculty (N = 8) was interviewed, and four cohorts of faculty (N = 33) were sur‑
veyed. Using expectancy-value theory as an organizational framework, we identified themes of perceived values 
and costs that participants discussed in implementing three-dimensional learning. Based on a cluster analysis of all 
survey participants’ motivational profiles, we propose that these themes apply to the broader population of partici‑
pants in this program. We recommend specific interventions to improve faculty motivation for implementing three-
dimensional learning: emphasizing the utility value of three-dimensional learning in effecting positive learning gains 
for students; drawing connections between the dimensions of three-dimensional learning and faculty’s disciplinary 
identities; highlighting scientific practices as a key leverage point for faculty ability beliefs; minimizing cognitive disso‑
nance for faculty in understanding the similarities and differences between the three dimensions; focusing on assess‑
ment writing as a keystone professional development activity; and aligning local evaluation practices and promotion 
policies with the 3DL framework.
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Introduction
The National Research Council’s Framework for K-12 
Science Education (National Research Council, 2012a) 
precipitated a sharp acceleration in the science educa-
tion community’s “turn to practice” over the past decade 

(Berland et  al., 2016). Educators and researchers alike 
have benefitted from the emergent affordances of sharing 
a common language for describing and designing effec-
tive student learning experiences (Nehm, 2019). With a 
renewed emphasis on sensemaking and knowledge-in-
use, along with a well-defined set of explicit signposts, 
three-dimensional learning (3DL) emphasizes the fusion 
of discipline-specific core ideas with the more generaliz-
able crosscutting concepts and scientific practices.

Primary and secondary classrooms throughout the 
United States have implemented re-designed instruction, 
assessments, and even whole curricula based on these 
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constructs as defined by the Framework and the sub-
sequent Next Generation Science Standards (Kaldaras 
et  al., 2021; Miller & Kastens, 2018; NGSS Lead States, 
2013; Paprzycki et al., 2017). These are clearly non-triv-
ial shifts; supporting transitions from students learning 
siloed facts to integrating the tools of science to explore 
and explain phenomena certainly demands a great deal 
from classrooms, teachers, schools, and districts (Ander-
son et al., 2018; McNeill et al., 2022). Perhaps unsurpris-
ingly then, teacher uptake and implementation can look 
quite different at the individual level (Yang et al., 2020), 
which in turn facilitates rich strands of research geared 
toward answering questions about how 3DL can be most 
effectively introduced, operationalized, and situated in 
what are sometimes vastly different contexts.

Despite the generally warm embrace in the K-12 land-
scape (Gunckel & Tolbert, 2018; Rodriguez, 2015) and 
the potential for a more fluent and connected student 
learning trajectory, the adoption and adaptation of the 
language of 3DL among college science instructors and 
higher education researchers has been less apparent. 
Instead, a sustained focus on defining and characterizing 
“active learning” and its associated instructional prac-
tices and student outcomes has dominated discussions of 
college-level teaching and learning (Lombardi & Shipley, 
2021). From one vantage point, this is a logical direction 
to steer toward, given that the typical undergraduate sci-
ence classroom, especially at large universities, is still 
generally a didactic, content-covering lecture with lit-
tle student engagement (Stains et al., 2018). Since those 
environments tend to yield unfavorable student out-
comes (Freeman et al., 2014), it is certainly reasonable to 
try to understand the dynamics at play and work to sup-
port instructional change.

On the other hand, more superficial “plug and play” 
interventions (such as incorporating clickers) that are 
typically labeled as characteristic of active learning 
place too much emphasis on how content is delivered as 
opposed to what students are positioned to learn, inte-
grate, and subsequently use. In fact, available evidence 
suggests that undergraduate students’ ability to use 
causal mechanistic reasoning to explain phenomena, for 
example, depends more on whether the course provides 
exposure to and practice with 3DL questions (in class 
meetings and on assessments) than on the presence of 
reformed instructional practices or the degree of in-class 
active learning (Ralph et al., 2022a, b).

Another persistent finding in undergraduate science 
education is the observation that knowing “what works” 
does not directly align with what actually happens in 
classrooms, even after years of convergent, triangulated 
research (Boyer, 1990; Seymour & Hewitt, 1997; Seymour 
& Hunter, 2019). An array of potentially interacting and 

context-dependent potential explanations likely contrib-
utes to this observation. Similar to the situation at the 
K-12 level, this research-practice gap varies immensely 
across institutions, departments, and classrooms (Dancy 
& Henderson, 2008; Fairweather, 2008; Walczyk et  al., 
2007), but the drivers of such disparities are likely to dif-
fer in higher education in important ways. Institutional 
commitment to instructor development (Kezar & Eckel, 
2002), paired with the ecology of local departmental cul-
ture (Reinholz & Apkarian, 2018), underpins diverse sets 
of teaching values and outcomes especially in research-
intensive universities where instructors’ identities as 
teachers make up only a part of their overall personas 
(Brownell & Tanner, 2012; Zagallo et al., 2019).

One additional potentially limiting factor to change 
and uptake in the specific context of the current study is 
that the Framework (and thus 3DL) might be viewed as 
inappropriate or irrelevant for undergraduate-level con-
tent and learning goals. We have argued that this is not 
the case in general (Cooper et al., 2015) and that part of 
the translation to the college level involves building con-
sensus among developers and instructors to define their 
disciplines’ core ideas (Laverty et  al., 2016a), providing 
rich opportunities for building buy-in. While the K-12 
scientific practices and crosscutting concepts map almost 
directly on to our recently-developed protocols used to 
characterize 3DL in undergraduate-level assessments 
(Laverty et al., 2016a) and instruction (Bain et al., 2020a), 
we contend that negotiating core ideas among faculty 
is necessary given the more specific nature of science 
coursework at the postsecondary level in broad contrast 
to K-12 (that is, college students take chemistry courses 
rather than physical science courses).

The purpose of the current study is to detail instruc-
tors’ motivation for implementing 3DL in order to estab-
lish further evidence for the relevance, feasibility, and 
potential impact of the Framework in the teaching and 
learning of college science. The literature basis describing 
science faculty motivation for engaging in professional 
development experiences is relatively small (McCourt 
et  al., 2017; Wilson-Kennedy et  al., 2019), and we are 
aware of no existing studies that investigate specifically 
the motivation of post-secondary faculty to implement 
3DL. At the foundation of this analysis is the recognition 
that instructor buy-in and willingness to engage in adopt-
ing 3DL, on an individual level, is a necessary precondi-
tion and a proximate cause for generating opportunities 
for students to engage in 3DL in their undergraduate sci-
ence courses. It is the depth and complexity of this shift 
(much more than a tweak in instructional practices or 
direct implementation of a prescribed curriculum) that 
likely drives the rich variety of responses that follow 
when instructors are asked to reflect on their experience.
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Theoretical framework
We used expectancy-value theory (EVT) as the key the-
oretical framework for characterizing instructor moti-
vation in this study. Originally applied to educational 
contexts by Eccles and colleagues (1983) and extensively 
reviewed elsewhere (Wigfield & Cambria, 2010; Wig-
field & Eccles, 2000; Wigfield et al., 2006), EVT describes 
motivation using the general constructs of value, expec-
tancy, and cost. Value reflects how important a task is 
for helping someone reach their future goals, the extent 
to which they experience inherent enjoyment or pleas-
ure in the task, and the importance of doing well on the 
task itself. Expectancy reflects the likelihood with which 
someone believes they can complete a task currently or in 
the future, both in absolute terms and compared to oth-
ers. Cost reflects the effort, time, and resources required 
to engage in the task.

Generally, the EVT perspective assumes that a per-
son’s rational and individualistic motivation to engage 
in some target behavior can be described with two over-
arching constitutive components: the perceived value of 
the behavior (tempered by its cost), and the associated 
expectancy for success. If costs outweigh potential ben-
efits, or if the actor perceives a low likelihood of success 
given their local context, EVT-defined motivation will 
be low. That is, the spirit of EVT is often captured with 
a mathematical model that assumes motivation (M) can 
be described as a multiplicative relationship between 
expectancy (E) and a “valence” value term, with costs (C) 
subtracted from the perceived value (V) of a given task: 
M = E(V − C).

Certainly, EVT has been useful for describing choices 
and performance related to motivation in a wide range of 
educational contexts and with subjects of all ages, from 
adolescent children to college students and beyond. The 
general consensus from these studies (e.g., Wigfield et al., 
2009) is that expectancies for success are more tightly 
coupled to student performance in a given domain, while 
task values are better direct predictors of course-taking 
intentions and choices. Expectancy and value are often 
positively associated with one another, leading to indirect 
effects that add predictive ability for various outcomes. 
Also as predicted by EVT, including perceived costs in 
the model accounts for additional variance in the parallel 
measurement of a range of student outcomes (e.g., Jiang 
et al., 2018).

Specifically with respect to STEM faculty, research-
ers have used EVT as a lens for understanding faculty 
motivation to engage in research-practice cycles (Matu-
sovich et  al., 2014; McPartlan et  al., 2022), bridging the 
research-to-practice gap in implementing student-
centered instruction (Finelli et  al., 2014), and persisting 
with a long-term professional development experience 

(McCourt et al., 2017). In the current study, we sought to 
characterize instructors’ motivational profiles for adop-
tion and persistent use of 3DL in their courses as defined 
by a variety of sub-constructs (e.g., utility value) under 
the broader umbrellas of each EVT dimension.

Context
This study stems from a project initiated at a large, public 
doctoral university with very high research activity (The 
Carnegie Classification of Institutions of Higher Educa-
tion, n.d.), herein referred to as RIU (for research-inten-
sive university). This project also involved researchers 
and participants from three collaborating universities: 
two similar public doctoral universities with very high 
research activity and one public doctoral/professional 
university. With the support of two external grants and 
internal funding, a team of interdisciplinary researchers 
and practitioners across the sciences developed the pro-
ject with the goal of transforming gateway introductory 
courses at each institution to be more coherently based 
on the principles of three-dimensional learning (Cooper 
et al., 2015; Matz et al., 2018a; National Research Coun-
cil, 2012a).

A keystone activity within this project was the devel-
opment and implementation of a professional develop-
ment program, herein referred to as the Fellowship. The 
Fellowship is an intensive and extended program for 
faculty who regularly teach in large-enrollment courses 
(Fata-Hartley et al., 2023), akin to a faculty learning com-
munity (Cox, 2004; McCourt et  al., 2017). The overall 
objective of the Fellowship is to support faculty in devel-
oping assessments and instruction that align with three-
dimensional learning. Specifically, faculty identify the 
most pertinent disciplinary core ideas, crosscutting con-
cepts, and practices for their courses (Cooper et al., 2017; 
Laverty & Caballero, 2018b; Cooper, 2020b); design, test, 
and reflect on assessments and instruction that elicit stu-
dents’ knowledge and abilities (Laverty et al., 2016a; Matz 
& Jardeleza, 2016b; Bain et  al., 2020a); and over time 
become part of an interdisciplinary community commit-
ted to improving undergraduate education.

Extensive details about the Fellowship program are 
available in Fata-Hartley et  al. (2023). Here, we sum-
marize the key activities and approaches used to help 
Fellows achieve the target objectives. The earliest Fel-
lowship meetings are focused on developing a sense 
of community while introducing 3DL. Readings, pres-
entations, and discussions provide context and frame 
the research base for 3DL while examples and exem-
plars are explored. Fellows are introduced to the three-
dimensional learning assessment protocol (3D-LAP; 
Laverty et al., 2016a) and the three-dimensional learn-
ing observation protocol (3D-LOP; Bain et  al., 2020a) 
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as tools to develop and evaluate assessments and 
instructional activities, respectively, that incorporate 
core ides, science practices, and crosscutting concepts. 
With this foundation, Fellows are charged with devel-
oping and implementing a teachable unit (Handelsman 
et  al., 2007) with input and feedback from the Fellow-
ship leaders as well as their peers in the program. A 
typical teachable unit includes a 3D learning objective, 
formative and summative assessments, and instruc-
tional materials such as class meeting plans and home-
work assignments. Fellows implement the unit, collect 
and analyze the assessment data and make refinements 
for future iterations. They present their teachable units 
and analyses as part of the effort to make connections 
across disciplines and build community.

The Fellowship has primarily drawn faculty from 
biology, chemistry, physics, and mathematics and sta-
tistics disciplines. This interdisciplinary nature of the 
Fellowship was purposeful, as such programs have been 
shown to contribute to broader educational change 
(Bouwma-Gearhart et  al., 2014). Although the Frame-
work and three-dimensional learning were originally 
developed for science and engineering, it was beneficial 
to involve mathematics and statistics faculty in the Fel-
lowship as well given the pivotal place that these courses 
have in most STEM degree programs (McCormick & 
Lucas, 2011). Engineering was not part of the original 
local development team’s expertise nor the scope of the 
original grant, thus the engineering practices were not 
included.

Fellows were selected based on their level of experience 
teaching undergraduate courses, evidence of interest in 
and commitment to improving STEM education, evi-
dence of potential impact on STEM education based on 
courses taught or targeted for reform, support from their 
chair or director, and potential for impact on departmen-
tal culture. Fellows participated in monthly meetings 
over 2 years and received a modest professional devel-
opment budget to facilitate implementing 3DL in their 

courses. The first and second cohorts were composed 
exclusively of faculty from RIU who taught introductory-
level courses, while the third and fourth cohorts were 
expanded to include faculty from all four institutions as 
well as upper-division courses.

Research questions
We investigated the experiences of Fellows in the Fel-
lowship and their motivation for engaging with 3DL so 
that we might better support future faculty engagement 
with 3DL and understand factors that impact how fac-
ulty engage with new teaching paradigms in general. In 
particular, the guiding research questions were: RQ1) 
What do Fellows perceive as supports and barriers as 
interpreted through expectancy-value theory that impact 
their motivation to integrate 3DL in their courses? and 
RQ2) How are these costs, values, and expectancies rep-
resented across the overall population of Fellows?

Methods
Methodology
In this convergent mixed-methods investigation 
(Creswell & Plano Clark, 2017), we conducted a quali-
tative thematic analysis (based on interview data) and a 
correlational quantitative study (based on survey data) 
for the purposes of comparing and contrasting results 
from each data set, leading to our overall interpretations 
(Fig. 1). In the analyses we focus on the qualitative data 
and use the survey results to provide insight into how the 
qualitative results might generalize to the broader popu-
lation of Fellows. This study was determined by the Insti-
tutional Review Board at each university to be exempt 
from ongoing review.

Interview study
Data collection
Retrospective, semi-structured interviews were con-
ducted with eight of nine possible Fellows from the first 
Fellowship cohort (Table  1), broadly aimed at exploring 

Fig. 1  Schematic showing the overall research design of the study
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instructors’ conceptions of 3DL as well as supports and 
barriers that impacted if and how instructors imple-
mented 3DL in their courses. We elected to interview 
a single cohort of Fellows completely local to RIU in an 
effort to limit the variation in contextual elements from 
one cohort to another. We attempted to interview the 
entire cohort because it was relatively small; only one 
Fellow did not respond to interview requests. Six partici-
pants were tenure-track faculty, and the two non-tenure-
track participants were also long-term employees, having 
significant teaching experience and leadership roles in 
their respective departments.

Fellows’ number of years as faculty prior to the Fel-
lowship ranged from 1 to 23 years (M = 11 years). David 
and Kari were the two faculty newest to the RIU but had 
teaching experience as postdoctoral research associates 
and graduate student teaching assistants; all these Fel-
lows thus had at least a few years of teaching experience 
when they began the Fellowship. Additionally, several 
Fellows had conducted research on teaching and learn-
ing and published in the realms of the scholarship of 
teaching and learning (Boyer, 1990) or discipline-based 
education research (National Research Council, 2012b) 
prior to their Fellowship term. We note this character-
istic because we expected these Fellows might express 
different motivations for engaging with 3DL, given their 
greater familiarity with education research, than Fellows 
without. Finally, David and Lisa were involved as part of 
the 3DL research team even while they were Fellows. Jim 
and Scott joined the research team approximately 2 years 
after their Fellowship; thus, at the time that David, Jim, 
Lisa, and Scott were interviewed, all had had experience 
with 3DL beyond the Fellowship itself. Beyond being 
interviewed, none of these Fellows were privy to the the-
oretical framework or research project described in this 
paper at the time of the interview.

The semi-structured interview protocol (see Support-
ing Information 1) was developed to target supports and 
barriers for faculty change guided by the four frames 
model, an established framework for organizational cul-
ture and analysis that focuses on structures, symbols, 
people, and power (Bolman & Deal, 2017); we followed 
Reinholz and Apkarian (2018) who adapted this model 
in order to study change in STEM departments. The pro-
tocol was developed beginning from RQ1 and by writ-
ing complementary sub questions along with typical 
warm-up prompts (e.g., “What courses do you typically 
teach?”) and comments to set the tone of the interview. 
The protocol was discussed amongst the research team, 
iteratively expanded and edited over several weeks, and 
piloted with David and Lisa.

Framing the interview as a general follow-up on their 
experience in the Fellowship, the remaining Fellows 
were recruited by email for interviews approximately 
2 years after the end of their 2-year program. This tim-
ing was appropriate because we were interested in the 
Fellows’ assessments of the extent to which they found 
3DL attractive as an instructor having had several semes-
ters since the Fellowship to modify their instruction and 
assessments (or revert to more traditional methods). 
Fellows were provided with a detailed month-by-month 
outline of the Fellowship activities to serve as a memory 
aide and were interviewed face-to-face in their offices, 
all by the same researcher (Author #3) who was then a 
postdoctoral research associate with the research team. 
Fellows were asked to review and sign an informed con-
sent form and they were not compensated. The inter-
views were audio recorded and had durations from 39 to 
91 min (M = 64 min). To protect participants as much as 
possible, we use pseudonyms and refrain from sharing 
any particularly sensitive or directly identifying data.

Following the warm-up questions about the instruc-
tor’s teaching background and history at RIU, the 

Table 1  Characteristics of the interview participants

a TT Tenure-track, NTT Non-tenure-track
b DBER Discipline-based education research, SoTL Scholarship of Teaching and Learning

Pseudonym Discipline Employment tracka Years of teaching experience 
prior to Fellowship

DBER or SoTL focus prior 
to Fellowship?b

Part of the 3DL 
research team?

Abraham Math & statistics TT 13 Yes No

Amanda Chemistry NTT 10 No No

David Physics TT 1 Yes Yes

Jim Biology NTT 11 Yes Yes

Kari Biology TT 1 No No

Kayla Biology TT 10 Yes No

Lisa Chemistry TT 23 Yes Yes

Scott Physics TT 16 No Yes
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interview was organized into four sections, each with 
several open-ended questions: 1) motivation to join the 
Fellowship program and its perceived impact on the Fel-
low’s personal teaching goals (e.g., “What motivated you 
to become a Fellow?”), 2) questions to elicit instructors’ 
conceptual understanding of 3DL and its role in their 
courses (e.g., “What core ideas are most important to 
your courses and why?”), 3) questions to generate reflec-
tion on the factors supporting and preventing the imple-
mentation of 3DL (e.g., “What supports have you had in 
enacting 3D teaching practices?”), and 4) guided analysis 
of a set of discipline-specific assessment questions using 
the 3D-LAP (Laverty et  al., 2016a) as a tool to direct 
the discussion (e.g., “How would you characterize these 
questions using the 3D-LAP?”). Fellows most often spoke 
about their motivations for implementing 3DL in the first 
three sections of the interview, and thus they provided 
the primary material for this analysis.

Data analysis
Two researchers (Author #1 and Author #2) conducted 
the main qualitative coding process. Author #1 was a 
postdoctoral research associate with the 3DL research 
team and a supporting facilitator for the then-current 
cohort of Fellows, designing 3DL-based activities, pres-
entations, and meetings particularly with instructors of 
biology and mathematics courses. In both facilitation 
and coding, Author #1 drew on roughly a decade of math 
teaching experience and teacher professional develop-
ment. Author #2 was a research specialist who had been 
involved with the 3DL research team and other STEM 
education projects across RIU for several years by that 
time. She was a chemistry instructor and brought some 
prior knowledge of Fellows’ contexts, as well as univer-
sity initiatives and projects related to 3DL (e.g., Matz & 
Jardeleza, 2016b).

Shortly after the interviews were conducted, the inter-
viewer (Author #3) wrote a reflection on each interview 
in the form of an analytic memo (Saldana, 2021), repre-
senting the first dividing step between data collection 
and interpretation of the data. The audio recordings were 
transcribed by a third-party service and cleaned to cor-
rect speaker names and words, phrases, and acronyms 
specific to 3DL, the Fellowship program, and RIU. We 
used Dedoose to organize the transcripts, codes, and 
excerpts, ensuring that all excerpts retained unique infor-
mation that could be used to trace back to the source 
transcript and audio files when broader context was 
needed for interpretation. Initially, we considered both 
the four frames model (Reinholz & Apkarian, 2018) and 
EVT frameworks as lenses to analyze the data. After an 
initial pass through the transcripts, we perceived that 
EVT would better support investigation of the research 

question because the emerging ideas most clearly aligned 
with the goals, beliefs, perceptions, and identities of indi-
viduals rather than a larger unit like departments.

We developed an initial set of guidelines for coding the 
transcripts with EVT as the theoretical lens. With this 
structured approach (Corbin & Strauss, 2015), we drew 
categories and codes about expectancy and value from 
Eccles and Wigfield (1995) and Wigfield and Cambria 
(2010). Guided by Barron and Hulleman (2015) who for-
mally introduced cost as a separate construct based on 
several studies showing that it loads as a separate moti-
vational factor from expectancy and value (e.g., Koso-
vich et  al., 2015), cost was considered its own distinct 
category. Specific codes for cost were drawn from Part 
et  al. (2020), though we recognize that Eccles and col-
leagues described these dimensions of cost even in their 
original study where cost was a subcomponent of value 
(Eccles et al., 1983). Each code was described with a gen-
eral definition, potential anchor examples generated from 
our initial analytic read, and proposed coding rules that 
applied the definition of the code to this study (see these 
coding guidelines and additional details in the Support-
ing Information 2).

Author #1 and Author #2 simultaneously but inde-
pendently coded the same transcript according to the 
existing guidelines and then met to reconcile the code 
applications and note overall rules for the process (e.g., 
we allowed excerpts to be double-coded). With each 
transcript we iterated on and improved our shared 
understanding of the guidelines, using constant com-
parison to ensure that new excerpts were similar to 
those already coded (Lincoln & Guba, 1985). Both these 
authors continued to code and reconcile each transcript, 
thus all codes and excerpts reflect the consensus of these 
researchers.

This approach of “negotiated agreement” is one means 
of supporting the reliability and validity of results drawn 
from qualitative data; it is particularly appropriate when 
the goal of the study is to explore and generate new 
insights, or when greater sensitivity to subtle versus more 
overt meanings is desired (Campbell et al., 2013). Estab-
lishing reliability by negotiating agreement while coding 
qualitative data can be troublesome in the face of power 
differentials between the two coders (Campbell et  al., 
2013), such as between a research assistant and an advi-
sor, but our two coders had no such differential; they 
were located in different units and had no reporting rela-
tionship during the time of the study. Both transitioned 
to new jobs during the time of data analysis and writing 
this paper with Author #2 moving to a separate univer-
sity, providing some distance from the Fellowship envi-
ronment and overall reducing their involvement in the 
activities of the broader research team.
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Subsequently, themes that addressed the research 
questions were identified through finding repeated ideas 
as well as cutting and sorting (Ryan & Bernard, 2003). 
We note that the researchers who did the qualitative cod-
ing (Authors #1 and #2) collaborated with the researcher 
who conducted the interviews (Author #3) in periodic 
meetings and through early drafts of this manuscript to 
ensure that they had ample opportunity to provide feed-
back on the coding process and the interpretations of the 
data in light of their experience conducting the inter-
views. Excerpts have been lightly edited for grammar and 
vocal fillers to improve readability.

Limitations of the interview data
The interview study is limited in that we interviewed 
only one cohort of Fellows, all from RIU, meaning the 
perspectives of RIU Fellows are overrepresented relative 
to the overall Fellows population. This overrepresenta-
tion also colors our interpretations of the relationships 
between the interview and survey data and overall has 
led to a study that is essentially centered on experiences 
at RIU despite the Fellows program involving multiple 
institutions.

Additionally, the researchers who conducted the quali-
tative data analysis (Author #1 and Author #2) are differ-
ent from the researcher who conducted the interviews 
(Author #3). While we all had reasonably good under-
standing of the Fellows program and the Fellows them-
selves, even the act of data collection is believed to begin 
the analytical process in qualitative studies (Saldana, 
2021). Thus, our interpretations of the interview data 
may have missed subtle features of the interactions and 
aspects of the nonverbal communication that occurred 
during the interviews.

Further, the retrospective nature of the interviews was 
convenient and may have supported Fellows in con-
textualizing their dispositions with respect to 3DL and 
teaching with a long-term perspective (Sosniak, 2006). 
However, the time gap between the Fellowship and inter-
views also means that Fellows were interpreting their past 
selves, in particular their motivation for joining the Fel-
lowship and implementing 3DL in their courses, through 
their then-present-day lens.

Survey study
Data collection
We also adapted a survey aligned with EVT to gauge 
Fellows’ motivation for integrating 3DL in their courses 
(see Supporting Information 3). The survey items were 
modified from Eccles and Wigfield’s (1995) large-scale 
study of perceived values and expectancies for success 
in secondary mathematics. We used this study as the 

basis for our survey because their confirmatory factor 
analyses demonstrated that the EVT constructs were 
“clearly distinguishable” (p. 221) with both value and 
expectancy factors inversely related to cost factors. 
We added two items (Q21-22) to directly probe Fel-
lows’ motivation to continue using 3DL and to encour-
age others in their department to adopt 3DL. We asked 
Fellows about their perceived work balance between 
research and teaching as well as to describe teaching-
related professional development programs in which 
they had recently participated. Finally, we asked them 
to select their discipline, cohort number, and whether 
they were in a tenure-track position.

We identified the sub constructs based on a combi-
nation of the EVT scales as presented by Eccles and 
Wigfield (1995) and the knowledge across our broader 
research team (over a dozen education researchers 
representing multiple institutions) of the teaching 
and learning context for post-secondary instructors in 
STEM courses. For example, none of the cost-related 
items presented by Eccles and Wigfield specifically ref-
erenced time as a constraint on motivation, but there is 
ample evidence that faculty consider time heavily as a 
cost in implementing evidence-based teaching practices 
(e.g., Matusovich et  al., 2014). Similarly to McPartlan 
et al. (2022), we added two items toward this end under 
the sub-construct of opportunity cost (which was not 
explicit in the original survey). As another example, 
Eccles and Wigfield described the utility value of math-
ematics for students with respect to what they wanted 
to do after graduation. Our survey included a corollary 
statement considering the utility of 3DL for faculties’ 
long-term career goals, but because we anticipated that 
3DL might have additional utility value for instructors 
in terms of designing assessment questions we wrote an 
additional utility value-oriented item toward this end. 
In short, we modified the survey in what we viewed as 
an appropriate way, attempting to maintain fidelity to 
the spirit of the constructs as presented in the original 
survey while also speaking authentically to the faculty 
experience. Such expert review provides content valid-
ity evidence for the survey as it was implemented here 
(AERA et al., 2014).

The survey was built in Qualtrics using an end-
anchored, numberless visual analog Likert-type 
scale for each item with 101 possible slider positions, 
recorded as 0 to 100 for analysis. The slider was ini-
tially centered at 50, and the anchors were specific to 
each item. Anonymous responses to the survey were 
solicited from the 55 Fellowship participants across 
all four cohorts and four institutions; individual links 
were sent out three times in an effort to maximize the 
overall response rate. At the time of the survey, Fellows 
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in Cohorts 1 and 2 had completed the Fellowship and 
were responding retrospectively; Fellows in Cohorts 3 
and 4 were still in the midst of their Fellowship term.

Data analysis
In total, 35 responses to the survey were collected from 
the 55 Fellows (64% response rate); two responses were 
then removed because they were incomplete. Though 
listwise deletion is often undesirable for handling missing 
data, the incomplete surveys represented a small propor-
tion (6%) of the total collected and thus minimal bias was 
likely introduced (Baraldi & Enders, 2010). The remain-
ing 33 responses used for analysis were roughly evenly 
distributed by discipline (6 biology; 10 chemistry; 7 math, 
statistics, or computation; 7 physics; and 3 other), cohort 
(6 Cohort 1, 10 Cohort 2, 11 Cohort 3, and 6 Cohort 4), 
and employment status (20 non-tenure-track and 13 
tenure-track) based on survey questions 25, 26, and 27 
(see Supporting Information 3), respectively. The propor-
tions of respondents in each of these categories was not 
different from those in the overall population of Fellows 
(discipline: χ2 (4) = 0.46, p = 0.93); cohort: χ2 (3) = 0.25, 
p = 0.97); employment status: χ2 (1) = 0.52, p = 0.47)). 
Overall, 15 of the 55 Fellows were faculty at the three 
(non-RIU) collaborating institutions; thus, the majority 
of the survey results represent the perspectives of Fellows 
from RIU. Reliability coefficients for the survey by sub-
construct are reported in Supporting Information 3.

Median values were used to summarize central tenden-
cies of the instructor-pooled survey item response distri-
butions; unless otherwise noted, a Wilcoxon rank-sum 
test p-value of less than 0.001 was required to justify any 
claim based on average differences across survey question 
responses. The full matrix is shown in Supporting Infor-
mation 4. We used Kendall’s τ coefficient as a measure of 
the first-order associations between pairs of responses 
to individual survey items. Kendall’s underlying non-
parametric hypothesis test was chosen over those used 
to generate Pearson’s or Spearman’s coefficients because 
of its more robust performance with smaller sample sizes 
and non-normal response distributions (Schaeffer & Lev-
itt, 1956). The resulting correlation matrix (Supporting 
Information 4) provides preliminary evidence of inter-
nal structure validity given that factor analyses were not 
possible (Knekta et al., 2019; see Limitations of the sur-
vey data section), and a way to visualize the relationships 
between expectancy, value, and cost items across our 
specific population.

As an exploratory method for describing Fellows’ 
motivational profiles and assessing similarity between 
cohorts, their responses to the value, expectancy, and 
cost survey items were used as the basis for an unsuper-
vised k-means cluster analysis. This analysis also included 

the two survey items (Q21-22) that directly asked Fel-
lows about their motivation for engaging with 3DL. We 
used clustering for the purpose of creating useful groups 
for describing the Fellows (Kaufman & Rousseeuw, 2009) 
rather than purporting that the clusters exactly uncover 
the “true” nature of their motivation; prior studies show 
that clustering has been successfully used for this pur-
pose even with small sample sizes (Lane et  al., 2021; 
Tasci, 2015; Zagallo et  al., 2019) so long as the num-
ber of variables is smaller than the number of partici-
pants (Aldenderfer & Blashfield, 1984). We selected the 
k-means method in particular because among the more 
common clustering methods, it is less prone to problems 
when data overlap (Qu et al., 2007).

Fellows were partitioned into clusters using MATLAB 
(version 2019b) and the “cluster” method for choosing 
initial centroid positions. We ran several iterations of the 
analysis with different numbers of clusters; ultimately, we 
chose three clusters as the appropriate number because 
it provided maximum differentiation while still account-
ing for the relatively small sample size. To help ensure the 
clusters were robust, the convergent solution was identi-
fied following 1000 replications with different initial cen-
troid positions. The final cluster solution reported here 
has the lowest total sum of point-to-centroid distances 
within each cluster.

Limitations of the survey data
With respect to the survey study, three methodological 
limitations are salient.

First, given the small sample size, it was not possible 
to confirm that these data support the model of motiva-
tion that we specified with factor analysis. Typical sample 
size estimates given our parameters require a few hun-
dred responses, but we have no way to increase the pool 
of Fellows so drastically. Having reached the upper-limit 
of N for this population, we yet maintain that the survey 
data offer valuable information relying on the evidence 
for content validity and the correlation matrix introduced 
earlier. We also note that an EVT-focused survey with 
similar items administered to several hundred biology 
faculty for their motivation to implement an evidence-
based intervention showed a pattern broadly similar 
to our findings: higher value and expectancy and lower 
perceived costs all positively affect motivation (McPart-
lan et  al., 2022). Reporting on the internal structure of 
similar surveys in similar populations is useful when sta-
ble estimates cannot be obtained with the given sample 
(Knekta et al., 2019).

Second, given that the four cohorts were run during dif-
ferent academic years, the survey was effectively adminis-
tered at a different time point relative to the Fellowship 
for each cohort; that is, Cohorts 1 and 2 completed the 
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survey retrospectively, while Cohorts 3 and 4 completed 
the survey while still in the midst of Fellowship activities. 
We maintain that our alternative options—limiting the 
survey to a single cohort or waiting several more years to 
match the Fellowship-survey interval across all partici-
pants—would have resulted in a missed opportunity to 
share insights from these available data. Our finding of 
a broad similarity in terms of the relative frequencies of 
Fellows’ motivational profiles across cohorts is consistent 
with the idea that the results reflect fundamental facets of 
the participants’ experiences independent of when they 
were asked about them.

Third, the anonymous nature of the survey was pur-
poseful because of the small sample size, still, this choice 
meant we could not reliably limit the survey responses 
to only those from RIU in order to remove the institu-
tional variable in comparing results to those from the 
interviews.

Results
In the following sections, we characterize the five most 
prominent emergent themes from the interview data and 
then use the survey responses to identify and describe 
trends in the broader population related to participants’ 
motivation to engage with 3DL in the Fellowship and 
integrate 3DL into their courses.

Interview study
Theme 1: Fellows described 3DL as useful for engaging 
students, organizing their teaching, and transforming 
courses (utility value)
Across all the interview data, utility value was the most 
commonly encountered EVT construct, with approxi-
mately one-third of coded excerpts falling into this cate-
gory; all Fellows were represented by several utility value 
excerpts. In the majority of excerpts, Fellows described 
the utility of 3DL with respect to one or more of the fol-
lowing broad goals: 3DL was useful for helping students 
engage meaningfully with course content, 3DL was use-
ful for communicating or organizing ideas about teach-
ing, and 3DL was useful for developing or transforming a 
course or program.

The most referenced goal related to the utility value of 
3DL was helping students gain a deeper understanding 
of course content. Lisa, for example, provided her per-
spective on the power of focusing on core ideas for stu-
dents as they develop more refined disciplinary content 
knowledge:

“Because the same core ideas keep coming up over 
and over again, the students get more comfort-

able thinking about the ideas, but I think they also 
develop a deeper understanding. Then when an idea 
comes up that’s related, they can start making con-
nections.”

Lisa also identified the scientific practices as important 
levers that help prepare her students to use their knowl-
edge later, saying,

“I think the key benefit of trying to create situations 
for students to use the scientific practices is that it’s 
actually more authentic to how they might be asked 
to use their understanding of chemistry subsequently 
… It’s preparing them better to actually become sci-
entists. That’s really our goal.”

Aligned with the idea that the scientific practices are 
inherently engaging, David implied a benefit for so-called 
active learning, pointing out that in his hands, 3DL nat-
urally results in active engagement: “If we engage them 
with three-dimensional learning, we fundamentally 
engage them actively. They have to be active. It’s some-
thing they have to do, and they’re going to learn the 
content.” Lisa further stated that, “In some ways, cross-
cutting concepts provide a way of thinking about science 
in general,” suggesting that her views of the crosscutting 
concepts are less concrete but nonetheless convey opti-
mism about their potential and importance for engaging 
students.

Perhaps as an intermediate step on the path to helping 
students gain a deeper understanding of science content, 
five instructors identified 3DL as a useful framework for 
effectively organizing and communicating their ideas 
about teaching. Jim, for example, emphasized the utility 
of 3DL in providing a framework for big ideas in biology, 
saying, “The Fellowship gave me a scaffold connected to 
my discipline that let me think about and organize the 
ideas I was teaching and why I was teaching them in a 
different way.” Similarly, Kayla said, “[3DL] really helped 
provide the language that I was needing to communi-
cate both with my students and with my peers about the 
things I was trying to do in my class.”

Several instructors were even more specific about the 
formal organizational utility value of 3DL as they worked 
to transform courses or programs. Lisa summarized her 
work on developing a preparatory chemistry course, in 
particular, saying,

“[The course] was intentionally designed around core 
ideas and scientific practices. The core ideas that I 
decided to focus on were electrostatic and bonding 
interactions, a little bit of structure and properties, 
and a little bit of energy. The three scientific prac-
tices that we explicitly work on are explanations, 
using models, and mathematics and computational 
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thinking.”

In this work, Lisa limited her focus to a subset of 
core ideas and scientific practices, aligning with a 
common theme we observed that the core ideas and 
scientific practices take precedence over the crosscut-
ting concepts in most instructors’ minds when using 
3DL to design curriculum and courses. David explicitly 
expressed this idea regarding a two-semester introduc-
tory physics sequence that he co-designed with col-
leagues, saying, “We are quite a bit more focused on 
2D learning in [these courses]. There’s a heavy empha-
sis on using your physics knowledge to engage in sci-
ence practice.”

Theme 2: Fellows found 3DL to be important because it aligns 
with their identity as scientists and teachers, as well as their 
ultimate purpose of training scientists (attainment value)
We coded excerpts as reflecting attainment value 
when instructors conveyed that 3DL or engagement in 
the Fellowship was fundamentally important to them 
in some way. Jim, for example, shared a sense that 3DL 
was important because it offered a meaningful frame-
work for teaching and learning that aligned with his 
identity as a scientist. In discussing the utility of 3DL 
as a scaffold for learning, he rhetorically asked the 
interviewer, “You want [students] to think like a scien-
tist, right?” In alignment with prior work showing that 
post-undergraduate experiences are formative for fac-
ulty (Yoho et al., 2019), Jim continued to emphasize his 
identity as a scientist, saying, “I mean, I went to gradu-
ate school. I did a postdoc. That meant something to 
me.” Similarly, Jim said that he was never “really sat-
isfied” with the model where students were memoriz-
ing a lot of detailed biological mechanisms. Rather, he 
said that on behalf of his students, “I wanted patterns. 
I wanted big ideas. I wanted it to make sense.” It was 
clearly important to Jim that students have appropriate 
tools for learning about biology as he did in his own 
scientific training.

Lisa felt that developing assessments aligned with 
3DL was more time-consuming than developing tra-
ditional assessments, and she rationalized this choice 
by saying, “I [developed 3DL assessments] because I 
was interested and I thought it was important, but that 
didn’t necessarily translate into acknowledgment [from 
administrators] that it was a valuable use of my time.” 
She went on to describe a sense of mission or pur-
pose with respect to helping prepare students to “use 
their understanding of chemistry subsequently” with 
the scientific practices. Lisa said, “That’s really our 
goal. We’re training chemists. We’d like them to have 

the habits and to think in the ways that scientists do.” 
Here, she conveyed the idea that “training chemists” 
is a central and valued aspect of her teaching mission 
and that 3DL provides an avenue towards this end.

Theme 3: of the three dimensions, Fellows felt most capable 
of integrating scientific practices into their assessments 
and instruction (ability beliefs)
The capacity to integrate scientific practices was a com-
monly referenced ability belief. For example, after Jim 
detailed how he uses the modeling practice to design 
instructional activities, he singled out the scientific prac-
tices when discussing the affordances of 3DL more gener-
ally saying, “One of the benefits [of 3DL] is some aspects 
of it are very intuitive to science instructors. Some of the 
practices, at least, conceptually resonate.” Kayla simi-
larly found the practices to be the easiest entrée to 3DL 
for her, situating her perceived ability to integrate prac-
tices in relation to the core ideas in saying that “For me, 
it’s easier to think in terms of practices than core ideas in 
general.” Amanda highlighted her facility with using and 
identifying the practices specifically when writing assess-
ment questions:

“The science practices, I think of more often. You 
know, what practice is incorporated in this question? 
Why would I ask them to do this? Is [this question] 
just a ‘memorize it back’ thing, which we obviously 
don’t want to do all the time, or can I incorporate 
one of the practices?”

In a related thread, Fellows drilled down further into 
the practices and emphasized their improved ability to 
elicit and probe student reasoning, a criterion required 
to reflect most of the scientific practices in the 3D-LAP 
and 3D-LOP protocols (Laverty et al., 2016a; Bain et al., 
2020a). Following her experience with the Fellowship and 
subsequent involvement with the 3DL research team, 
Lisa reflected on her development on this front, saying, 
“I’m much more conscious of trying to draw out [stu-
dents’] reasoning. I’m more likely to write questions that 
are going to ask ‘Why.’” Abraham, who in general had dif-
ficulty relating the practices to his content areas of math-
ematics and statistics, was nonetheless convinced that his 
assessments went beyond calculation to probe reasoning. 
He said,

“All my assessments, I mean, they have computa-
tional aspects, but more importantly, emphasize 
what those computational numbers or answers 
mean. And I always ask students, what does this 
mean? What would it change if this is not true? We 
always give them assessment questions where they 
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have to reflect on their calculation.”

As shown in Lisa’s and Abraham’s comments, these 
expressions of ability belief were stated predominantly 
in the context of writing assessment questions. Amanda 
provided another example with a window into how the 
emphasis on 3DL affects a typical chemistry assessment 
item, saying,

“Before, we would ask [students], ‘Going across the 
row in the periodic table, what’s the trend in atomic 
radius?’ Or ‘Of these four elements, which one would 
be the smallest?’ Now, we may still ask them that 
question, but we will add on a second part, [asking 
for] the explanation. Don’t just memorize a trend, 
but why is the trend that way?”

Presumably to prepare students for her revised assess-
ment style and to align her instruction to the assess-
ments, Amanda also noted, “It’s hard for me to remember 
what I did before, honestly. It’s so ingrained in me now 
that this is how we do it. Now, I definitely say ‘Why’ more 
in class.” Amanda viewed these concrete adjustments as 
part of a larger mindset shift, stating, “I think we treat 
[students] more like scientists now because we ask them 
to do things that scientists do.”

Theme 4: Fellows’ barriers to implementing 3DL included 
developing their own understanding of the three dimensions, 
content coverage demands, and aligning curriculum 
across sections and courses (effort cost, opportunity cost)
Fellows expressed several cost-related ideas as barriers 
to implementing 3DL in their courses. The ideas aligned 
both with effort cost, referring to the amount of effort 
required for success on a task or the demands incurred 
by engaging with a task, and with opportunity cost, 
which refers to the perceived amount of time required 
to be successful that could be used to engage with some 
valued alternative. This theme encompasses Fellows’ 
challenges in developing their own understanding of the 
three dimensions, negotiating changes to content cover-
age, and aligning curriculum across sections and courses.

Several Fellows voiced difficulties in operationalizing 
crosscutting concepts, core ideas, and, despite the clear 
trend of positive ability beliefs (Theme 3), scientific prac-
tices as well as in delineating between specific categories 
within a single dimension. Jim succinctly summarized 
these difficulties in integrating the language and defini-
tions into his pedagogical practice in saying, “Sometimes 
when you try to get down to the nitty gritty of defining 
[the three dimensions], it gets very difficult.”

The crosscutting concepts were often perceived as 
the most nebulous dimension. For example, Lisa said, 
“The crosscutting concepts are really the hardest to get 

a handle on … They’re not all the same grain size. I think 
that’s one of the things that makes them difficult to really 
have a solid understanding of.” Scott and Jim voiced simi-
lar sentiments of frustration or uncertainty with respect 
to using the crosscutting concepts, as reflected when Jim 
said, “I’m still not quite sure what to do with the crosscut-
ting concepts. Some days, I think I actually have a han-
dle on how they’re useful. And then the next day, I’m not 
sure I do at all.”

Core ideas, although they were previously defined 
through consensus by groups of RIU faculty as discipli-
nary experts (Laverty et  al., 2016a; Matz et  al., 2018a), 
were not always consistent with individual instructors’ 
perspectives. Here, Jim reflected on the set of biology 
core ideas, saying, “I’m not convinced it’s a really good set 
of core ideas. To me, they’re not all there. They’re differ-
ent from each other. Some of them don’t necessarily make 
a lot of sense to me.” He identified perceived shortcom-
ings with respect to instruction around the specific core 
idea of systems in biology, saying that it is “a really impor-
tant core idea” but that he’s “not sure we do a good job of 
actually teaching things from a systems perspective.”

The scientific practices and their associated definitions 
resonated more readily with the Fellows, except for Abra-
ham as the sole mathematics and statistics instructor in 
the cohort. In fact, Abraham found all three dimensions 
to be dissonant or incommensurate with his home disci-
pline of statistics, saying,

“I struggled a lot to come up [with] … these basic 
ideas, like, what is a scientific practice in statistics? 
I was struggling to see the difference between a scien-
tific practice versus a core idea versus a crosscutting 
[concept]. When I see [them] for chemistry or biology, 
okay, I understand it. But when it came to statistics 
and putting them in those categories, I struggled a 
lot. I couldn’t see the differences. I couldn’t make a 
clear distinction ... I struggled a lot to be honest.”

Although the Fellows were generally open to changing 
their instruction, several were transparent about the fact 
that the 3DL vision put forth in the Fellowship required 
significant effort to implement because it is largely 
incompatible with the familiar stand-and-deliver mode of 
university teaching. Fellows perceived that engaging stu-
dents with 3DL in class meetings occurred at the expense 
of broader content coverage; notably, these were the only 
expressions of opportunity cost that explicitly identified 
the valued alternative. Scott made several comments 
towards this end throughout his interview, saying, for 
example:

“The actual biggest effect [implementing 3DL] had 
was the amount of material that was covered. The 
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last time I taught an introductory course, I actu-
ally threw out pretty significant chunks of material 
to make more time to spend essentially on more 
careful and more layered clicker questions, trying 
to get more three-dimensional learning into the 
lecture. It takes time … I think [I] actually ended 
up covering a little bit less, maybe 10% or 15% 
less.”

Later in the interview, Scott relayed the same idea but 
with an interesting twist where he commented on imple-
menting 3DL as the version of himself that previously 
used more traditional, lecture-based teaching. He said,

“The model of a professor jamming a bunch of infor-
mation into a lecture … that works against three-
dimensional learning. And you feel an obligation -- 
‘Well, I have to cover angular momentum. These are 
the things I have to tell the students. I’m not doing 
my job if I don’t spend time in class talking about 
them.’ It’s very hard to let go of that.”

Here, Scott gives a sense of how a traditional instruc-
tor—indeed, his former self—would justify the peda-
gogical choice to cover more material which Amanda 
paralleled in reflecting on instructors who rotate through 
the introductory chemistry courses, saying, “Some-
times they feel like they’re giving up their time to tell 
information.”

Fellows additionally expressed cost-related ideas 
about the implementation of 3DL beyond their particu-
lar course sections, sharing challenges associated with 
building coherent 3DL experiences for students across 
different sections of the same course and across multi-
ple courses within a coordinated sequence. These efforts 
were most salient for Amanda and Jim as directors in 
their particular disciplines, overseeing coordination 
across several introductory courses. Amanda highlighted 
her difficulty in conveying the rationale for 3DL to faculty 
who rotated through the introductory chemistry courses, 
saying,

“Getting them up to speed and getting them on board 
with three-dimensional learning is a challenge, and 
it’s something that I haven’t really tackled. It’s chal-
lenging for me to explain to them why we’re doing 
things the way we’re doing.”

Similarly, Jim provided a glimpse into the nuances 
involved in his efforts to align the focus of assessments 
across different sections of a single course:

“One of the challenges ... in trying to develop com-
mon assessments, is unless everybody has been 
exposed to and at least, on some level, understands 
and accepts the 3D framework as what you’re going 

for, if you put forward a common question that is 
three-dimensional, oftentimes it gets voted off the 
island, because other people don’t understand what 
you’re trying to do with it. They think it’s too compli-
cated or too convoluted or not the right thing to be 
doing.”

Jim experienced struggles in these kinds of negotiations 
with other instructors in part because they all had differ-
ent levels of exposure to and acceptance of 3DL.

Theme 5: Fellows described writing 3DL assessments as a key 
but costly activity in terms of effort and time (utility value, 
effort cost, opportunity cost)
Within the paradigm of backward design and with the 
idea that students come to treat what is assessed as what 
is important, the Fellowship placed significant empha-
sis on the development of assessments that reflect 3DL. 
Throughout the interviews, we noticed that Fellows 
identified writing assessments as a key but costly lever-
age point for incorporating 3DL in their courses, and 
Fellows discussed the utility of both 3DL and the Fellow-
ship towards this end. Jim, for example, oversees multi-
ple introductory biology courses and discussed having 
additional teaching assistant (TA) time for grading con-
structed-response assessment items. He said that the Fel-
lowship had provided him “a framework for what to do 
with those questions,” that is, for writing better assess-
ments and making good use of these TA resources. Lisa 
specifically cited the 3D-LAP (Laverty et  al., 2016a) as 
useful with respect to writing questions involving calcu-
lations, saying:

“If [students] did a numeric calculation, I’d always 
follow up with a question that made them use the 
numeric calculation. That was influenced by the 
development of the 3D-LAP and the idea that cal-
culations in and of themselves are not as valuable 
to student learning. If you want to have students do 
a calculation, you should ask them to do something 
with the result.”

Lisa more broadly reflected on a specific article about 
scaffolding that the Fellows read, saying that she became 
“much more conscious” about how she writes assessment 
prompts and that she has carried this idea with her since 
the Fellowship, saying, “The whole idea of scaffolding 
has probably informed every exam question I’ve written 
since.” Amanda agreed that “adding three-dimensional 
questions has helped” because, in contrast to traditional 
questions more focused on memorization, three-dimen-
sional questions seem to more clearly reveal what stu-
dents know. As a complement to the utility of 3DL, Kari 
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described the usefulness of Fellowship activities with 
respect to improving her assessments, saying, “Certainly, 
we spent a lot of time making better assessment items 
… having group edits was very helpful.” Indeed, writ-
ing assessments as part of a team was a recurring theme 
among those who felt successful in adopting 3DL. Alto-
gether, both 3DL itself and the Fellowship experience 
supported faculty in writing effective assessments for stu-
dent learning, a key aspect of faculty work.

Still, several Fellows reflected on the difficulty and 
effort related to writing such assessments. Instruc-
tors stressed their struggles specifically in developing 
selected-response (in contrast to open-ended) questions, 
like Amanda who said, “I think it’s especially difficult to 
write multiple-choice questions that are three-dimen-
sional. It’s much easier to write short answer questions.” 
Jim concurred that writing multiple-choice assessment 
items is challenging and admitted that sometimes he’d 
attempt to make an item 3D by “just throwing in a lot 
more words,” feeling unsatisfied with the results. Kari 
agreed that 3DL assessment items in general are “very 
hard to make” and in particular noted difficulties with 
linking different sub-parts of a question “without mak-
ing it snowball or without giving away the answer.” Some 
instructors further found the convenience of using 
pre-existing assessments or question banks to be too 
tempting to override the difficulty of writing new 3DL 
questions. In alignment with our previous findings, par-
ticularly in physics (Matz et  al., 2018a), Scott was open 
about his disappointment along these lines saying, “I took 
the easy way of [using pre-written] exams, where we have 
a big data bank of problems. So [the Fellowship] hardly 
changed my exams at all, sadly.”

Most prominent in opportunity cost, the time required 
to develop effective 3DL course materials, and particu-
larly assessments, was expressed as a perceived limiting 
factor by four Fellows. Lisa explicitly identified this as 
one of the most significant barriers to high-fidelity imple-
mentation, saying:

“Probably the biggest challenge when trying to do 
three-dimensional learning is developing materials 
for students to interact with … developing assess-
ments. I think all that takes more time than prepar-
ing worksheets for a traditional course. I think that’s 
one of the biggest barriers.”

Amanda and Kari both echoed this sentiment in 
reflecting on challenges to implementation; Amanda said, 
“It takes more time to write the questions” and Kari said, 
“I allow more time now, when I write my exams, because 
I know how writing these in-depth questions take a lot of 
time.”

Survey study
While the interview data provided a detailed look at the 
experiences of the first cohort of Fellows with respect to 
3DL, the survey of faculty motivation for engaging with 
3DL allowed for an examination of broader patterns 
across instructors and EVT constructs in ways that may 
be useful for refining future faculty development efforts.

Overall patterns
If the EVT model M = E(V − C) holds, instructors 
with high motivation (M) to implement 3DL in their 
courses will tend to have high expectancy (E) and high 
perceived task value (V) along with low associated costs 
(C). Indeed, this general pattern emerged across the 
whole population of Fellows, assuming equal weight-
ing for each within-construct item and averaging across 
instructors (Fig.  2); instructors assigned high value to 
3DL relative to its perceived costs, with moderately 
positive expectancies for success. In the following sub-
sections, we separately examine each of the main con-
structs and their associated survey item responses and 
then consider patterns across the individual instruc-
tors (interactions across constructs are described in the 
Supporting Information 4).

Value  On average, Fellows reported intrinsic and 
attainment values associated with 3DL planning and 
implementation higher than any other EVT subcon-
struct with median response values of 80 or greater. Util-
ity value items prompted more heterogeneous responses 
across participants and across specific survey ques-
tions; instructors tended to see 3DL as much more use-
ful (p < 0.001) in designing assessments (Mdn = 82) and 
reaching long-term career goals (Mdn = 81) than in sup-
porting the more immediate review and promotion pro-
cess (Mdn = 51) or influencing student course evaluations 
(Mdn = 52). The largest across-instructor spread of utility 
value prompt responses was found for the item assessing 
the usefulness of 3DL as a common language for discuss-
ing teaching with colleagues (Mdn = 71); this is reflected 
in the bottom panel of Fig. 2 as a relatively thick lower tail 
of the violin plot for Q6.

Alongside high measures of central tendency, pairwise 
combinations of intrinsic and attainment value responses 
were strongly associated across instructors (see Support-
ing Information 4). The highest Kendall’s τ magnitude 
among all items in the survey (0.73) was found between 
the first two items that focused on intrinsic value, quan-
tifying levels of interest and enjoyment around planning 
3DL instruction. The remaining combinations of the first 
four items were also all positively correlated (p < 0.005).
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In terms of utility value (Q5-Q9), the association patterns 
also showed positive correlations, both within the utility 
value category and extending to the intrinsic and attain-
ment value subconstructs. Utility value items with higher 
median responses (Q5 and Q7) were most strongly asso-
ciated with the responses to the intrinsic and attainment 
value components. Utility of 3DL as a common language 
and as an influencer of promotion and tenure processes 
was less predictive of attainment value and long-term 
career goal utility items.

Expectancy  According to EVT, value alone is not 
enough; an actor must also believe that they can and will 
be successful. One way to classify the five items designed 
to probe instructor expectancy is to separate those that 
relate to the ultimate outcome of student success (Q10 
and Q11) from those that focus on an instructor’s beliefs 
about their own 3DL teaching self-efficacy (Q12-Q14). 
In this data set, there was not a strong delineation in 
the responses to these two categories; the items elicited 
similar responses both in terms of measures of central 

tendency (medians ranged from 60 to 76) and in their 
positive across-instructor associations with one another 
( 0.30 ≤ τ ≤ 0.61 ; p < 0.02; see Supporting Information 4). 
The consistent and moderately positive magnitudes and 
associative relationships suggest that any one indicator 
could provide a first-order description of expectancy, and 
that factors presumably outside an instructor’s locus of 
control (implicitly included in Q10 and Q11) do not seem 
to have a strong impact on their perceived expectancy for 
success.

Cost  Based on the interview data, it seems clear that 
sustained transformation of a course to support 3DL 
carries costs, both in terms of required effort and in the 
time required to develop materials and provide substan-
tive feedback to students. Of course, instructors would be 
performing these tasks with or without 3DL; thus, most 
of the survey items pertaining to this construct framed 
effort or opportunity costs with respect to some refer-
ence (other instructors, other responsibilities, and tra-
ditional instruction or assessment). This framing clearly 

Fig. 2  Distributions of Fellows’ reported value (V), expectancy (E), cost (C), and motivation (M) on the survey. Points above 100 are an artifact 
of the violin plot smoothing function. Top: All questions aligned with each construct are averaged in the conglomerate response distributions. 
Bottom: Profiles for each individual question, grouped by intrinsic value (VI), attainment value (VA), utility value (VU), expectancy for success (ES), 
ability beliefs (EA), effort cost (CE), opportunity cost (CO), and motivation (M)
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had an impact on responses: median scores varied from 
61 for Q15 (“In general, how hard is three-dimensional 
teaching for you?”) to 27 for Q16 (“Compared to most 
other instructors in your department, how hard is three-
dimensional teaching for you?”), and there was no sig-
nificant across-instructor association in the responses to 
this pair of items (see Supporting Information 4). When 
averaged across items (Q15-Q18), an overall difficulty 
or effort score of 48 suggests that Fellows do not see the 
work associated with 3DL as much harder than other 
teaching-related responsibilities. In contrast, the mean 
of the two time-focused items (Q19 and Q20) was higher 
(72; p < 0.001) suggesting that the Fellows did perceive 
that preparing 3DL-aligned assessments and instruc-
tion takes longer than developing traditional curriculum 
materials and exams.

Relative to the value and expectancy patterns, Fellows’ 
reported perceptions of cost items were not as tightly 
coupled to one another: only 40% of the cost-cost survey 
item pairs were significantly associated at p < 0.05 com-
pared to 81% of value-value pairs and 100% of expec-
tancy-expectancy pairs (see Supporting Information 4). 
In particular, responses to the time-related opportunity 

cost items (Q19 and Q20) were largely independent of 
the effort- or difficulty-based item responses (Q15-Q18).

Motivation  As an addendum to the modified Eccles 
and Wigfield (1995) survey items, we asked participants 
directly to gauge their motivation to use 3DL moving for-
ward. Overall, Fellows tended to self-report somewhat 
higher levels of motivation (p = 0.016) to continue using 
3DL as a framework for their own instruction (Q21, 
Mdn = 78) than they did to encourage others in their 
department to adopt 3DL (Q22, Mdn = 68); these two 
metrics were significantly correlated (τ = 0.40, p = 0.002).

Instructor profiles
The overall survey response patterns described above 
provide one perspective of the Fellows’ EVT-based per-
ceptions of 3DL based on measures of central tendency 
and across-instructor associations between pairs of 
survey item responses. Another approach is to inves-
tigate the potential existence and relative prevalence 
of common instructor profiles within this population; 
towards this end we applied an exploratory, unsuper-
vised k-means clustering algorithm to the 33 sets of raw 
survey responses. To collapse and help visualize the 

Fig. 3  A-C Individual instructor profiles, grouped according to the three-cluster solution to a k-means procedure. D-F Corresponding deviations 
from grand-mean responses for each instructor cluster. Abbreviations: intrinsic value (VI), attainment value (VA), utility value (VU), ability beliefs (EA), 
expectancy for success (ES), effort cost (CE), opportunity cost (CO), and motivation (M)
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resulting centroid-based classification, we used the eight 
variables defined for each individual instructor as the 
mean response of each EVT subconstruct (Q1-2: intrin-
sic value; Q3-4: attainment value; Q5-9: utility value; 
Q10-11: expectancy for success; Q12-14: ability beliefs; 
Q15-18: effort cost; Q19-20: opportunity cost; Q21-22: 
self-reported motivation). The across-instructor aver-
ages of these metrics are shown as the filled gray area of 
the radar charts in Fig.  3A-C; the 33 individual profiles 
are drawn on top of the average profile as solid black 
lines and profiles belonging to a given cluster are plotted 
together.

Some within-group similarities based on the eight-
variable profiles emerged. The six instructors represented 
in Fig.  3A consistently had profiles with below-average 
value, expectancy, and self-reported motivation meas-
ures (falling inside the average response silhouette). This 
pattern is also shown in Fig. 3D where the cluster mean 
is compared to the full-population mean for the eight 
subconstructs: negative differences reflect below average 
responses. The group was much less distinguishable from 
the mean based on its reported perceptions of the costs 
connected to 3DL, which is at least intuitively consistent 
with the relatively low associations between cost-based 
items and others described in the “Overall patterns” 
section.

More than half (20 of 33) of the participants generated 
survey responses that fell into a large cluster that can be 
described as typical and perhaps unremarkable. These 
individual profiles are shown in Fig.  3B along with the 
collapsed difference-from-mean summaries in Fig.  3E. 
Given the relatively high median reports of value across 
the whole population (an average of 75 across Q1-9), 
expectancy (66), and self-reported motivation (73), com-
pared to that of costs (56), one could reasonably predict 
that most of the Fellows from this group would intend to 
continue adopting and adapting the 3DL framework in 
their courses moving forward.

The seven individuals sorted into the third group of 
Fellows (Fig.  3C and F) were striking because of their 
notable deviations from average responses for all eight 
subconstructs. Except for opportunity cost (which is 
a poor predictor of value, expectancy, and motivation; 
see Supporting Information 4), this cluster’s collapsed 
profile is more than 10 units away from the average for 
every EVT category, and always in the direction that 
would suggest stronger predicted motivation based on 
the M = E(V − C) model. In other words, these seven 
Fellows had relatively high value, expectancy, and self-
reported motivation, along with comparatively low 
perceived costs associated with 3DL. At a minimum, 
their responses suggest that their externally presented 

values and attitudes toward 3DL would not be a barrier 
to adoption.

Cluster distributions
The key question we aimed to address with the survey 
data is whether the first cohort of Fellows (from which 
comprised the entire population of interview partici-
pants in this study was drawn) was representative of later 
groups or unique in its motivational profile composition. 
The distribution of individual response profiles based 
on cluster type and disaggregated by cohort number is 
shown in Table 2. A few points are worth noting regard-
ing the way cluster types were associated with various 
descriptive features of the instructors.

Cohort 1 did not stand out in terms of its cluster com-
position: response types from each cluster were included 
and represented at a rate consistent with the overall 
population. Cohort 4 did not include any representatives 
from Cluster C (higher motivation). Cluster A responses 
(lower motivation) were spread across all four cohorts 
also in a way roughly proportional to the size of each 
cohort. Overall, based on cluster counts, it appears that 
Cohort 1 is a reasonable proxy for later cohorts and the 
distribution of the more extreme clusters (A and C) does 
not vary strongly across cohorts (Fisher-Freeman-Halton 
Exact Test p = 0.90).

Additionally, the three cluster profiles were observed 
as roughly proportional to the group size when disag-
gregated by discipline (biology, chemistry, mathemat-
ics/statistics, and physics), tenure status (tenure stream 
vs. non-tenure stream), and the instructors’ reported 
balance between research and teaching (Q23; research-
focused vs. teaching-focused). None of the Fisher-Free-
man-Halton Exact Tests designed to identify expectancy 
outliers resulted in p-values lower than 0.3, indicating 
that the prevalence of each cluster type does not depend 
on these more objective classifications (raw count tables 
not shown). It should be noted that our relatively small 
sample size precludes strong generalization of this essen-
tially negative result.

Table 2  Survey response cluster profile counts for four cohorts 
of Fellows

Cohort Cluster Total

A B C

1 1 4 1 6
2 2 5 3 10
3 2 6 3 11
4 1 5 0 6
Total 6 20 7 33
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Discussion
The principal findings from this study are the perceived 
values and costs we identified that impacted college 
instructors’ motivation to integrate 3DL in the courses 
that they teach. Some value sub-constructs, like the 
intrinsic value associated with using 3DL to help stu-
dents develop deeper disciplinary understanding, were 
reported to support ongoing motivation in both the 
interview and survey data. This finding is encourag-
ing, as intrinsic and autonomously regulated sources of 
motivation are more likely to lead to sustained behavioral 
change than those based on controlled sets of rewards, 
punishment, and compliance or the approval of others 
(Ryan & Deci, 2000). In fact, incorporating 3DL had little 
effect on more externally regulated potential sources of 
utility value such as teaching evaluations and promotion 
processes. While this incongruence might be a source of 
frustration for faculty development facilitators and those 
interested in pedagogical change more broadly, it could 
also be seen as a clear opportunity for administrators 
to better align reward systems with the values of effec-
tive and dedicated instructors (Aster et al., 2021; Sansom 
et  al., 2023). Tightening the alignment between institu-
tional instructor evaluation and a framework like 3DL 
is unlikely without evidence of efficacy and feasibility in 
relevant contexts; this study is part of a larger narrative 
aimed at laying such a foundation of evidence and rea-
soning as rationale for such a shift.

As with any significant behavioral change, negative 
trade-offs are likely to surface (in the form of costs in the 
language of EVT), and such emergent costs are ignored 
at a change agent’s peril. Our data suggest that the addi-
tional time requirements are more salient costs for 
potential adopters as compared to the effort required or 
difficulty of implementation. The perception of time scar-
city for changing teaching practices is a common (if not 
particularly surprising) barrier that has also been noted 
elsewhere (e.g.,Finelli et  al., 2014; McCourt et  al., 2017; 
Sansom et al., 2023). To minimize perceived opportunity 
costs, the Fellowship has evolved over time to empha-
size adaptation, growth, and “trying something” over 
rigid blanket adoption or an implication that every class 
activity and assessment question should be three-dimen-
sional. Anecdotally, but also in line with the interview 
data presented here, even Fellows with relatively tradi-
tional teaching philosophies found it useful to regularly 
refer to the scientific practices when designing assess-
ments. Because the Fellowship also emphasizes backward 
design (Fata-Hartley et al., 2023), this small and low-cost 
behavior has the potential to act as a nudge toward signif-
icant and meaningful changes in instruction and student 
learning.

Even though the overall set of Fellows is relatively 
small, we found value in categorizing them into differ-
ent motivational profiles based on their survey responses 
as an initial step in identifying categories of faculty that 
might benefit from different professional development 
experiences (Bae et al., 2020). Larger professional devel-
opment programs with more teachers or faculty may 
find such characterizations even more useful and per-
haps identify subcategories of the three profiles reported 
herein. Future research should also be designed to more 
directly determine whether any “pre-existing” instructor 
characteristics can reliably predict motivational profile 
types, and how the self-reported measures of the survey 
map on to actual implementation of 3DL assessment and 
instruction. It also remains an open question as to how 
these types of measures change over time, both within 
individuals and with respect to more precise timing of 
the data collection relative to Fellows’ participation in the 
program.

An important second-order finding of the current 
study is that the distribution of motivational profiles 
among the Fellows that were interviewed appears to gen-
eralize across the broader population of Fellows, provid-
ing an encouraging indication that the interview data 
might also reasonably speak to the experiences of the 
other cohorts. This was somewhat surprising, as many of 
the “early adopters” of the first cohort have since become 
integral members of the local 3DL research team, and 
one might have reasonably expected starker differences 
in the relative proportions of the different profiles. With 
the small sample size tempering the exuberance of our 
interpretation, the results are at least consistent with the 
idea that the “ingredients” of the Fellowship appear to be 
more important than the “cooks” of the first cohort. At 
the same time, we acknowledge the self-selected nature 
of all the Fellowship participants. In describing faculty 
motivation for implementing 3DL, we have only included 
the perspectives of faculty who were already ostensibly 
interested in 3DL, or at minimum willing and able to 
commit to a significant professional development expe-
rience. The specific values, costs, and expectancies for a 
more widely representative group of faculty may well be 
different and thus indicate different potential approaches 
to professional development.

Limitations
Additional limitations merit discussion. For example, the 
model used in calculating the overall patterns for motiva-
tion based on the survey data ascribes equal weight both 
for the items within a given construct (i.e., every value 
item has the same weight) and for the value, expectancy, 
and cost categories themselves. While this may be a 
typical approach for studies using EVT, whether Fellows 
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experience these constructs in equal proportion with 
respect to their motivation for implementing 3DL is an 
open question. Beyond this, Stolk et al. (2021) observed 
the motivation of college STEM students across almost 
a dozen institutions to change over the course of a term, 
and it is reasonable to assume that STEM faculty motiva-
tion might be similarly dynamic.

Additionally, throughout this article we have described 
“implementing 3DL” somewhat simplistically as though 
there is a binary characterization of courses as reflect-
ing 3DL or not. Certainly, the continuum of uptake and 
adoption is more complicated, shown even in our own 
work where we observed ranges from section to section 
in the proportion of exam points allocated to questions 
that have the potential to elicit evidence of 3DL (Matz 
et al., 2018a). The participants in the current study were 
each at unique points in their ongoing process of concep-
tualizing, adapting, and integrating 3DL in their courses. 
This was undoubtedly associated with varied levels of 
competence in transforming and aligning assessments 
and class activities with the normative criteria that are 
laid out and operationalized in our protocols. A clear 
direction for future work would be to compare objec-
tively measured 3DL uptake of individual instructors (via 
assessments and class observations) to their reported 
perceptions and intentions reflected in the interview and 
survey data.

Implications and conclusions
With an awareness that any change effort needs to 
“know” the local context (Lund & Stains, 2015; Shadle 
et al., 2017), the key implications of this study are general 
in the sense that they are likely to be relevant for a diverse 
population of college-level science instructors, and spe-
cific in that they are framed around the foundations of 
building expectancies for success and task value while 
reducing perceived costs of 3DL. Based on the emergent 
EVT-filtered interview themes and survey data, we rec-
ommend the following to improve faculty motivation for 
implementing 3DL: emphasizing the utility value of 3DL 
in effecting positive learning gains for students (based 
on Theme 1); drawing connections between the dimen-
sions of 3DL and faculty’s disciplinary identities (Theme 
2 and the attainment and intrinsic value survey items); 
highlighting scientific practices as a key leverage point 
for faculty ability beliefs (Theme 3); minimizing cognitive 
dissonance for faculty in understanding the similarities 
and differences between the three dimensions (Theme 
4); focusing on 3D assessment development as a keystone 
course transformation activity (Theme 5); and aligning 
local evaluation practices and promotion policies with 
the 3DL framework (utility value survey items).

Given that teacher motivation can positively influ-
ence student interest and achievement (Keller et  al., 
2017), supporting faculty motivation for engaging with 
3DL in their courses may well lead to gains in cogni-
tive and affective student outcomes in college-level sci-
ence courses (e.g., Ralph et  al., 2022a, b), and perhaps 
STEM courses more broadly. In parallel with attempts 
to understand individual instructors’ perceptions of 
3DL, it is also critical to consider the situated context 
of their roles within departments (Reinholz & Apkar-
ian, 2018) and institutions (Kezar & Eckel, 2002). It 
is only against the backdrop of this broader, layered 
landscape that students will ultimately have the poten-
tial opportunity to experience 3DL consistently across 
disciplines and over time. This study adds to the grow-
ing and convergent body of evidence pointing to 3DL 
as a powerful framework and language to support the 
development of meaningful knowledge-in-use, both in 
K-12 settings and now in higher education. What are 
institutions willing to commit to support and value the 
type of teaching and learning that we need to put this 
knowledge into use?
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