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Abstract
While formative assessments (FAs) can facilitate learning within undergraduate STEM
courses, their impact likely depends on many factors, including how instructors implement
them, whether students buy-in to them, and how students utilize them. FAs have many
different implementation characteristics, including what kinds of questions are asked,
whether questions are asked before or after covering the material in class, how feedback
is provided, how students are graded, and other logistical considerations. We conducted 38
semi-structured interviews with students from eight undergraduate biology courses to
explore how various implementation characteristics of in-class and out-of-class FAs can
influence student perceptions and behaviors. We also interviewed course instructors to
provide context for understanding student experiences. Using thematic analysis, we outlined
various FA implementation characteristics, characterized the range of FA utilization behav-
iors reported by students, and identified emergent themes regarding the impact of certain
implementation characteristics on student buy-in and utilization. Furthermore, we found that
implementation characteristics have combined effects on student engagement and that
students will tolerate a degree of “acceptable discomfort”with implementation features that
contradict their learning preferences. These results can aid instructor reflection and guide
future research on the complex connections between activity implementation and student
engagement within STEM disciplines.
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Brief summary: Formative assessment activities have the potential to promote student learning, but their
impact can vary based on a variety of factors. Using a qualitative approach, we explore how activity
implementation characteristics influence undergraduate student buy-in toward and utilization of common
formative assessments.
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Introduction

Formative assessment (FA) has been heralded as one of the most effective ways to improve
student learning (Black & Wiliam, 1998), and the addition of in-class and out-of-class FA
activities to undergraduate courses can improve student performance and reduce failure rates
within STEM courses (Freeman et al., 2007, 2014). Many sources define FAs as tasks that
occur during the learning process with the intended purpose of improving learning (assess-
ment for learning) rather than assigning grades (assessment of learning; Angelo & Cross,
1993; Chappuis & Stiggins, 2002; Sadler, 1998). Despite their potential, there can be wide
variation in how instructors implement FA activities and how students interact with them,
which could explain the variation seen in resulting student learning in STEM courses
(Andrews et al., 2011; Freeman et al., 2014; Turpen & Finkelstein, 2010). For this reason,
recent FA meta-analyses have highlighted the need for research to define and understand
how task characteristics influence FA effectiveness (Dunn &Mulvenon, 2009; Kingston &
Nash, 2011). In the current study, we explore how different FA implementation character-
istics affect student perceptions and utilization behaviors as a starting point for understanding
how connections between instructor and student components shape FA learning outcomes.

Background Theory and Theoretical Framework

As a backdrop for investigating how instructor-based FA elements impact student engage-
ment, we highlight various theories that relate to how FA activities facilitate learning. FAs
build upon the proposition that growth stems from the creation of cognitive conflict in the
learner through realization of incorrect conceptions (Vygotsky, 1978). FAs allow instructors
to guide students in the zone of proximal development, where students can make develop-
mental advancements with the aid of instructional supports. FAs place a strong emphasis on
collaborative learning and social construction in which nascent ideas are encountered first in
a group context prior to incorporation by the individual (Slavin, 1996). Finally, FAs depend
on and cultivate metacognition and self-regulated learning, as the learner diagnoses their
understandings and refines their actions in service of their achievement goals (Boekaerts &
Corno, 2005; Hacker et al., 1998). In relation to these broader principles, FAs serve to create
“moments of contingency” in which the instructor and student can cultivate learning (Black
& Wiliam, 2009).

Building on these broader learning theories, Black and Wiliam (2009) proposed
the theory that FAs promote learning by achieving five objectives. (1) FAs help
clarify learning intentions and criteria for success by providing students with
sample tasks that communicate what students are expected to know and be able
to perform. (2) FAs elicit evidence of student understanding through their answers
to question prompts. (3) FAs provide feedback that moves learners forward by
helping them to correct and expand their understandings. (4) FAs activate students
as instructional resources for one another through peer discussion and group work.
(5) FAs enable students to take ownership of their learning by equipping them with
tools and processes that support growth.
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Black and Wiliam’s theory behind how FAs promote learning represents an
idealized form of the FA process. In reality, instructors design activities in ways
that support the five objectives to varying degrees, and students participate in the
activities in different ways, which together impact whether beneficial “moments of
contingency” occur. Thus, there remains a need to understand connections between
how instructors implement FA activities and how students respond to them. In other
words, we need to better characterize the intricate ways in which FA activity design
and implementation may or may not lead students to employ productive learning
behaviors.

Investigating FA implementation thus requires a theoretical framework that
situates the roles of instructors and students in the FA process. Prosser and
Trigwell (2014) outlined a broad model of teaching and learning showing the
complex relationships between instructor-level and student-level factors that
influence learning outcomes. Within this overarching model, the pathway where-
in teaching practices affect student perceptions, which influence how students
approach learning and the resulting learning outcomes, provides a useful lens for
understanding the effects of FA implementation. We adapted these components
to develop the theoretical framework for the current study. In our FA Engage-
ment Framework (Fig. 1), FA implementation characteristics affect student per-
ceptions about the activity (i.e., buy-in). During this process, students evaluate
aspects of the FA assignment to decide how the activity relates to their course
goals. These judgments then shape how the student behaves during and after the
activity (i.e., utilization), prompting them to leverage the activity in a way that
aligns with their goals. FA engagement (i.e., buy-in and utilization) then influ-
ences subsequent learning by determining the cognitive processes that students
employ. The following three sections present the conceptual framework guiding
our study.

Fig. 1 The FA Engagement Framework situates the roles of instructors and students in the FA process. On the
instructor side, implementation characteristics represent how the instructor designs and delivers an FA within a
course, which shapes student experiences (top arrow). On the student side, student buy-in regarding the value
of the activity influences the utilization behaviors they exhibit with respect to the activity. Ultimately, the
product of student buy-in and utilization (i.e., engagement) dictates resulting learning outcomes. In the longer
term, understanding how students engage with an FA assignment provides instructors with information they
can use to improve activity implementation (bottom arrow)
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Background Literature

FA Implementation Characteristics

Instructor implementation encompasses the many aspects of how the instructor designs
and delivers an FA within a course, including structural features and practical consid-
erations. Reviews of FA implementation have largely drawn from learning theories,
studies connected to learning gains, and instructor-reported best practices (Bangert-
Drowns et al., 1991; Black & Wiliam, 2009; Kluger & DeNisi, 1996; Nicol &
Macfarlane-Dick, 2006; Offerdahl et al., 2018; Shute, 2007) but to a lesser extent on
how students perceive and respond to implementation characteristics (Gibbs, 2010).
These reviews have identified several general recommendations, such as distributing
assessments throughout the term, targeting assessments toward clear and high criteria,
and providing specific feedback that promotes learning goal orientation. Research-
based recommendations applicable to STEM courses have emerged for in-class FAs,
such as Peer Instruction with clickers (Knight & Brame, 2018; Vickrey et al., 2015),
cooperative group work (Oakley et al., 2004; Tanner et al., 2003; Wilson et al., 2018),
and in-class active learning (Eddy, Brownell, et al., 2015a), but less attention has been
paid to out-of-class FAs for undergraduate STEM courses (Letterman, 2013). A prior
review on formative feedback called attention to the idea that FA features can have
combined effects, in which one characteristic influences the effect of other character-
istics (Shute, 2007). This has important consequences for instructors and researchers
because it elevates the need to consider FAs as complex entities, with each activity
consisting of an array of underlying characteristics.

Student Buy-In Toward FAs

Most previous research on student perceptions of FAs has targeted in-class activities,
such as clicker questions and cooperative group work. Some studies from STEM
disciplines report overall positive reactions to these techniques (Ernst & Colthorpe,
2007; Vickrey et al., 2015; Winstone & Millward, 2012), while studies from a broader
array of disciplines find more negative reactions, particularly toward cooperative group
tasks and discussions, compared with attitudes toward traditional lecture (Lake, 2001;
Machemer & Crawford, 2007; Phipps et al., 2001; Struyven et al., 2008). Additional
research in STEM contexts indicates positive undergraduate student perceptions of out-
of-class FAs, such as Just-in-Time Teaching and other homework assignments
(Freasier et al., 2003; Jensen et al., 2015; Novak, 2011; Parker & Loudon, 2013).
Importantly, many studies of student perceptions focus on general measures of satis-
faction or helpfulness and do not directly examine how students perceive the FA to
influence their learning or what implementation characteristics students find most
useful.

In contrast, our prior survey-based studies in biology examined a range of in-class
and out-of-class FAs and focused on student buy-in, defined as the extent to which a
student recognizes and values how a method helps their learning. We found that many
undergraduate biology students perceive FAs to improve their learning by achieving
one or more of the five FA objectives (Brazeal et al., 2016). In addition, we found that
higher buy-in toward FAs predicts higher exam and course performance, even after
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controlling for other student achievement and demographic characteristics (Brazeal &
Couch, 2017; Cavanagh et al., 2016). By connecting FA buy-in to the five objectives
and demonstrating that buy-in predicts relevant student outcomes, our prior work laid
the foundation for the current study to investigate how implementation characteristics
influence buy-in and utilization.

Student FA Utilization

While student behaviors likely play an important role in whether students learn from
FAs, we know little about how students utilize FAs. Much of the work on student
behaviors focuses on general study skills, such as the amount of time and scheduling of
studying and the types of behaviors used while studying for summative exams (Gurung
et al., 2010; Hartwig & Dunlosky, 2012; Holschuh, 2000; Nonis & Hudson, 2006;
Richardson et al., 2010; Rodriguez et al., 2018). The literature on deep and surface
approaches to learning represents another body of research in the area of general study
behaviors (Baeten et al., 2010; Struyven et al., 2005). Students using deep approaches
seek to gain conceptual understanding (Davidson, 2003; Elias, 2005), whereas students
using surface approaches give less effort, tend to resort to memorization, and exhibit a
lack of reflection (Baeten et al., 2010). Studies have observed connections among
instructors’ approaches to teaching, student perceptions, deep or surface approaches to
learning, and performance (Lizzio et al., 2002; Trigwell et al., 1999, 2012), but these
connections have not been examined in the FA context.

In contrast to work on general study skills, fewer studies have detailed undergrad-
uate student behaviors while utilizing specific FAs, and no studies have comprehen-
sively examined behaviors across a range of different FA types. Some studies in STEM
have examined undergraduate student behaviors during in-class FAs, such as discus-
sion participation, conversation domination, argument co-construction, and reasoning
exchange (Eddy, Converse, & Wenderoth, 2015b; Knight et al., 2013; Koretsky et al.,
2016; Kulatunga et al., 2013; Turpen & Finkelstein, 2010). For out-of-class assign-
ments, the majority of research on student behaviors has occurred at the K-12 level.
Studies of undergraduate student assignment behaviors, from across STEM and non-
STEM contexts, have measured assignment completion, use of the textbook, procras-
tination, help-seeking behavior, contribution to group projects, and use of feedback
(Aggarwal & O’Brien, 2008; Heiner et al., 2014; Hepplestone & Chikwa, 2014;
Letterman, 2013; Nonis & Hudson, 2006; Orr & Foster, 2013; Sabel et al., 2017).
Other studies have shown that certain FA behaviors are associated with improved
course performance, such as discussing coursework with peers outside of class, pre-
paring before class, using study guides or practice exams, and engaging with enhanced
answer keys or reflection questions (Benford & Gess-Newsome, 2006; Carini et al.,
2006; Gurung et al., 2010; Sabel et al., 2017).

Rationale for the Current Study

While the FA literature provides many insights on implementing FAs, several areas
remain for further investigation. First, many studies have focused on one FA type, and
we lack a comprehensive list of the numerous FA implementation characteristics that
instructors must consider across FA types. Second, research on student learning

333Journal for STEM Education Research (2021) 4:329–362



approaches has considered general study behaviors and exam preparation or focused
only on specific behaviors, and we have limited information regarding the range of
behaviors students exhibit when they complete FA activities. Third, while prior
literature has identified several implementation recommendations, these studies often
do not incorporate student perspectives, so it remains unclear how implementation
characteristics impact student engagement. Fourth, most studies have investigated an
individual implementation characteristic in isolation and have not considered combined
effects across implementation characteristics. Finally, many implementation recom-
mendations emerged from outside undergraduate course settings (e.g., K-12 or non-
course-based settings), and prior research has indicated that FAs can produce different
outcomes across content areas such as math, science, and language arts (Kingston &
Nash, 2011), so more work is needed to delineate how implementation impacts students
within specific undergraduate STEM contexts. The current study in biology aimed to
complement and expand the existing knowledge base by delineating and connecting
different components within the FA Engagement Framework. Specifically, we aimed to
describe the potential variation present within certain framework nodes and to under-
stand how instructional features impact student FA engagement by addressing three
broad research questions:

(1) What general behaviors do students describe with respect to their FA utilization?
(2) How do students perceive that specific implementation characteristics influence

their FA buy-in and utilization?
(3) What combined effects exist across different implementation characteristics?

Methods

Methodological Approach

FA implementation occurs within a complex educational environment in which student
perceptions and behaviors can be affected by a host of variables, such as student
characteristics, course norms, and institutional culture. Thus, we employed a qualitative
approach to delineate the various dimensions underlying FA engagement and identify
potential connections across framework components. We selected undergraduate biol-
ogy courses that used a variety of common FA types, which enabled us to develop a
more comprehensive sense of how different implementation characteristics might
influence student engagement. We took a broad and inclusive perspective on what
activities can be considered FAs to account for the diversity of practices used by
undergraduate instructors in authentic course settings (Brazeal et al., 2016; Hattie &
Timperley, 2007; Nicol & Macfarlane-Dick, 2006). By broadly characterizing connec-
tions between FA implementation and student engagement, we also sought to lay a
foundation for the development of instructional resources and quantitative instruments
that can apply to a variety of FA types.

Black and Wiliam’s (2009) five FA objectives relate to both the instructor and
student sides of the FA Engagement Framework. For each objective, the instructor may
take steps directly targeting that objective, and students take actions that determine if
that objective becomes realized. However, numerous implementation characteristics
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affect how students engage with an FA. Thus, the five objectives represent overarching
goals for the FA process, which consists of elements aligned with the objectives as well
as other practical aspects of the activity. Our research design and analysis accounted for
this relationship by incorporating questions and coding categories that explore the FA
objectives, while also capturing the many other implementation characteristics that
shape student responses.

Course Context

All eight of the focal courses were undergraduate biology courses at a large, research
university. Seven of these courses occurred in spring 2015 and one occurred in fall
2015. Three courses were introductory level with enrollments of 139–249, and the
other five courses ranged from sophomore to senior level with enrollments of 26–231.
The instructors used various FA types as part of their normal teaching practices,
meaning that the research team did not provide directions about what FAs to use or
how to use them. We focused on one in-class FA and one out-of-class FA from each
course. In-class FAs included clicker questions (CQ; six courses) and in-class group
activities (ICA; two courses). Out-of-class FAs included online textbook-associated
program (OTP) assignments (four courses), Just-in-Time Teaching (JiTT; two courses),
and other types of homework completed by students outside of class (two courses).
Most of the FAs occurred on a weekly basis, but instructors employing clicker
questions typically used them in every class session. K.R.B. interviewed all the course
instructors to provide background context. Supplementary Materials 1–3 provide
details of the instructor interviews and FA implementation.

Student Interviews

We recruited students by asking them on a course survey to indicate their interest in
being interviewed and emailing a subset based on random selection and available times.
We analyzed a total of 38 student interviews, determining that we had reached saturation
when new themes stopped emerging. Table 1 shows demographic characteristics
represented by these students. Participants received a $20 gift card. K.R.B. conducted
these interviews during the second half of the semester to ensure that students were
familiar with the FAs. We used a semi-structured interview protocol consisting of core
questions and follow up prompts. We asked each student questions pertaining to one in-
class FA and one out-of-class FA, alternating the order across interviews.

The interview questions addressed different aspects of the FA Engagement Frame-
work. Supplementary Material 4 lists the full set of interview questions. In brief, we
began the interview by asking general questions about how the FA is being implement-
ed, why they think the FA is being used, what makes them think it is being used for that
purpose, and how the FA influences their learning. While studies have found mixed
results about the validity of self-reported learning measures (Pike, 2011; Porter, 2013),
we asked about perceived learning since it reflects student buy-in. We then asked a
series of questions about how the student utilizes the FA (e.g., their level of effort and
their behaviors while completing the FA). Students admitting to undesired behaviors,
such as giving low effort and copying answers from the internet, gave some indication
that the interview context enabled students to share without fear of retribution.
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We also aimed to understand student perceptions about how implementation
characteristics impact their buy-in and utilization. General questions early in the
interview provided students an opportunity to identify helpful aspects, and later
questions probed more specifically how they perceive particular implementation
aspects to influence their learning. We asked questions related to the five FA
objectives (e.g., how is learning affected by feedback methods, instructor use of
the FA to change their teaching, and peer discussion structure) as well as other FA
features that might influence engagement (e.g., how does the grading policy and
timing of the FA affect learning). Finally, we asked how the FA could be changed to
improve their learning.

Table 1 Demographics of students interviewed

Demographic categories n %

Gender

Male 13 34.2

Female 25 65.8

Class rank

First-year 7 18.4

Sophomore 7 18.4

Junior 7 18.4

Senior 17 44.7

Course level

Introductory (100) 14 36.8

Mid-level (200-300) 14 36.8

Senior level (400) 10 26.3

Major

Life Sciences 32 84.2

Non-Life Sciences 6 15.8

Letter gradea

A 12 31.6

B 16 42.1

C 7 18.4

D 3 7.9

FA typeb

Clicker questions (CQ) 8 | 18

In-class group activities (ICA) 6 | 6

Online textbook-associated program (OTP) 7 | 12

Just-in-Time Teaching (JiTT) 4 | 6

Homework assignments (HW/Q) 3 | 6

a Student self-reported letter grade in the course at the time of the interview
b Each student answered regarding one in-class and one out-of-class FA type. The first number represents the
number of interviews included in the initial reading stage (14 interviews, each addressing 2 FAs = 28 total).
The second number represents the number of interviews included in the second coding stage (24 interviews,
each addressing 2 FAs = 48 total)
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Coding and Analysis

All three authors were involved in iterative thematic analysis of the transcripts (Boyatzis,
1998; Saldaña, 2015). Coding was informed by some a priori ideas from the literature,
such as the five FA objectives and known implementation characteristics, and we were
also able to discover and code emergent ideas. Supplementary Material 5 provides an
overview of our analysis process. Given the comprehensive scope of the study and the
nature of our sample, we did not parse our findings by demographic groups.

Before addressing the research questions, we developed a list of potential FA
implementation characteristics. To create this list, we each separately read 4–7 student
interview transcripts and noted all the implementation characteristics that students
discussed (i.e., descriptive coding in which topics are identified before analyzing the
effects of those topics; Saldaña, 2015). In total, we read 14 of the 38 transcripts during
this stage with 1–3 interviews from each focal course. We then worked collaboratively
to create a complete list of FA implementation characteristics from our notes. We
continued to add to the list during later student and instructor interview analyses when
we came across new characteristics. We organized our list of implementation charac-
teristics into eight categories. To further expand and revise this list, we also solicited
feedback from four instructors experienced with FAs, which led to minor modifications
within the existing categories. Supplementary Material 6 provides the full list of 72
implementation characteristics, and Table 2 provides descriptions for the eight
categories.

To address the three research questions, K.R.B. read through the remaining 24
interviews (three interviews per focal course) and used Dedoose software to tag
excerpts (i.e., passages) with structural codes (Saldaña, 2015). The interview protocol
included questions touching on student approaches, resource use, and peer discussion,
and students often described their own actions when answering other questions. In
these cases, the structural code “utilization” was applied to excerpts in which students
discussed behaviors before, during, or after the FA (Research Question 1). When
students discussed an FA implementation category, these sections were marked with
structural codes corresponding to that category (Research Question 2). Each excerpt of
one to several sentences could be tagged with one or multiple categories (i.e., simul-
taneous coding). Supplementary Material 7 provides a detailed quantification of the
excerpts that emerged from this process.

This structural coding process enabled us to group related excerpts and consider
responses from diverse contexts (Boyatzis, 1998; Saldaña, 2015). For each structural
code, all three authors independently read the tagged excerpts and generated overarch-
ing themes. We then discussed and came to consensus on a master list of themes and
repeated this process for each structural code. We also kept notes on combined effects
across implementation categories and other themes that emerged, and we synthesized
these notes through discussion after analyzing all the implementation categories (Re-
search Question 3).

To address validity concerns throughout our analyses, we involved all three authors,
alternated between independent and joint interactions with the data, and tasked one
author with considering negative evidence for any finding. We conducted member
checks with instructors to resolve unclear aspects. We triangulated our findings be-
tween instructor and student interview sources while also taking into account prior
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Table 2 Categories of FA implementation characteristics

Category Definition: characteristics of the FA
related to…

Example student quotes

Timing relative to
content coverage in
lecture

Whether the FA prompts are posed to
students before or after the
information needed to answer them
is presented in the course

“Usually [the clicker questions are] either
stuff related to the homework that she
had us do prior to the class or like
what we’ve just been talking about
during the class period.” (33)

“The [homework] material is about stuff
that we covered in class, 1 to 2 class
periods before when the assignment’s
actually due.” (26)

Scheduling logistics When and how frequently the FA is
administered as well as the length of
the activity

“It really depends, sometimes we
don’t--we have none, sometimes we
have one, and like, and just like April
Fool’s day, he gave us like nine
clicker questions.” (21)

“So basically there’s one [OTP]
assignment due every week.
It’s online. And then, I don’t know, it
could be anywhere from 11 pages to
25, 30 pages.” (2)

Activity messaging Instructor talk about the rationale for
why the FA is being used in the
course

“At the very first class of the semester,
he talked about the fact that he always
uses clicker questions, that they’re not
graded, but that they’re just kind of to
make sure we’re understanding, and to
give him feedback.” (26)

“Sometimes she’ll be—in emails, she’ll
send out, ‘Oh, I just posted all the
[JiTT questions]. It’ll introduce you to
stuff,’ if I remember right.
And she also references in class,
‘You’ll be going over this sort of stuff
on your JiTTs.’” (34)

Content The alignment, cognitive elements,
and format of the FA prompts

“Yeah, some of [the ICAs] are really
interesting and like, and very hands on
because you have to make your own
graphs and predict stuff.” (6)

“I think that the questions on the [OTP]
are more conceptual to what we need
to know, like vocab and applying it to
definitions and relating things
together, whereas the test questions
are completely different.” (15)

Feedback provided to
students

How FA answers and explanations are
provided to students, how students
access feedback, and how the
instructor uses the FA results to
change their teaching

“Oh yeah, [the OTP] has [helped my
learning], because it has the video
parts and the explanation, and some
like activities, and if you don’t know
the question sometimes they provide a
hint.” (20)

"Well, he'll post like the PowerPoint with
the [clicker] questions, but not with
the answers. So you have to like write
down the answer." (25)
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published student survey results (Brazeal et al., 2016; Brazeal & Couch, 2017). This
study was classified as exempt from review for human subjects research, protocol
#14314.

Table 2 (continued)

Category Definition: characteristics of the FA
related to…

Example student quotes

“Sometimes [after the clicker question]
we’ll go back and cover something
again or skip over something that we
obviously already understand.
I’d say it can change the pace or the
focus of a lecture.” (28)

Facilitation of peer
learning

How the instructor encourages
productive FA discussions

“Basically we have groups that are
preassigned [for the ICAs].
We switched groups once this
semester so now I’m working with
different people.” (8)

She’ll be like, “OK, discuss [the clicker
question] with your neighbor.
Say why you chose A versus C or
something.” (22)

"They encourage you to seek out other
students if you need help; they don’t
necessarily direct that towards [the
OTP] specifically, but they say,
'You should for any kind of
homework that you have.'” (7)

Grading policy How student responses to the FA
influence their course grade

“I think that [the clicker questions are] in
there for participation to make sure
you’re showing up to class and stuff,
but otherwise, whether you get it
wrong or right, you’re still going to
get the 1 point.” (34)

“[The JiTTs] are on [the course website]
and it’s like, a multiple choice
question obviously you get that right
or wrong, and then the short answers,
she goes through and reads and either
gives you full points or not full
points.” (36)

Technology/mechanism
of implementation

The mechanism by which students
participate in the FA and other
technological aspects

"[For the ICAs], we do like worksheets
out of a packet that are related to like
the lecture that day." (14)

"Well, [the homework's] online, and
basically there would be a video or
some sort [of] article online you’d
have to read. There was one that he
gave us information in an Excel
document and we were analyzing it
and then we filled out and then
answered questions." (24)

Full list of implementation characteristics is shown in S7 File. Student ID number (1–38) is shown after each
quote. OTP online textbook program, JiTT Just-in-Time Teaching, ICAs in-class activities
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Findings

RQ1: What General Behaviors Do Students Describe with Respect to FA
Completion?

To understand the types of behaviors that comprise the utilization node of the frame-
work, we identified four categories of behaviors from the interviews, each including
actions that may or may not support learning. Table 3 presents these utilization
behaviors along with representative quotes.

Approach

The approach category encompassed behaviors related to the degree of effort students
give to the FA, the amount of time students spend completing it, and their use of deep
and surface approaches. Behaviors within this category that may support learning
included giving high effort, working to figure out the answers, and spending enough
time to adequately complete the assignment. Conversely, some students admitted that
they gave lower effort, answered quickly just to finish the FA, or chose an answer
randomly. Students justified these types of behaviors with reasons including that they
were short on time and had other assignments (especially for out-of-class FAs), that
they knew the FA was low stakes, that they were not provided enough time, or that they
knew the instructor would provide the answer (especially for in-class FAs). Other
reasons for giving lower effort included not knowing the answer or just not feeling like
giving high effort. We also found that student-reported behaviors included both deep
and surface approaches (Baeten et al., 2010). An example of a deep behavior was trying
to think of the FA answer before consulting other resources or peers. Conversely, an
example of a surface approach was being more concerned about just getting the right
answer or getting the points, rather than learning the material.

Discussion

Students varied in whether they discussed the FA with peers. As we found in previous
work, peer discussion was more prevalent with in-class than out-of-class FAs (Brazeal
et al., 2016). For out-of-class FAs, some students preferred to work alone and only
consulted their peers if they could not figure out the answer via other means, while a
few preferred to work as part of a group. The quality of peer discussion also varied
(e.g., explaining reasoning for answers versus simply exchanging the correct answer).
In addition, students varied in whether they participated in whole-class discussions,
most commonly used for in-class FAs (e.g., when instructors solicited student expla-
nations for answers during an FA follow-up).

Resources

Students demonstrated a variety of ways they used resources to complete an FA,
including behaviors reflecting deep and surface approaches. Before the FA, some
students prepared by reading the relevant book sections or other provided materials.
Other students preferred to read at other times or did not read at all. Another component
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of student behavior was the appropriateness of the resources they used while complet-
ing the FA. Appropriate resources were those intended by the instructor (e.g., the book,
class notes, or other course materials). Many students used the Internet when complet-
ing out-of-class FAs. While some students used the Internet to learn more about the
topics covered in the FA, several students used online sites as an inappropriate or
unintended resource (i.e., searching for the exact questions and answers). This behavior
was particularly common with respect to online textbook-associated program (OTP)
assignments, since the questions and answers have typically been posted on the
Internet. Students commonly use online resources when completing coursework
(Hora & Oleson, 2017; Morgan et al., 2014), so it is important to understand how they
view their behaviors with respect to learning. Interestingly, several students who
reported that they found the exact FA prompts and answers on the internet stated that
they still thought the FA was helpful to their learning because it helped them determine
what to study for the exam. These students seemed to be strategically adjusting the
intended purpose of the FA: instead of using it to learn initially, they were completing it
quickly, and then they engaged more with the FA when studying for the exam. We also
found that students consulted resources in different orders. For example, some students
used the Internet to find the exact question prompt and answer as their first resource,
while others tried to think of the answer themselves and then checked the book or the
internet to confirm their answer.

Later Use

Finally, students varied in how they interacted with FAs after submission. These
behaviors included ensuring that they can later reference the FAs (e.g., writing down
in-class prompts or making notes to remind themselves to review certain topics) and
using the FA and related feedback (e.g., keys, rubrics, instructor explanations) to
relearn missed information as part of regular study or exam preparation. Students
varied in whether they completed each of these behaviors, and some behaviors could
be done in ways that may or may not have supported learning. For example, some
students used FA keys to self-quiz, returned to their book or notes to improve their
understanding of the topics they missed, and practiced FA prompts as part of their exam
study in ways that emphasized conceptual understanding (e.g., trying to determine the
depth of understanding that would be expected on exams). Despite self-testing being an
effective strategy, students often use less effective methods (Karpicke et al., 2009). For
example, we found that some students simply read through FA feedback with the goal
of memorizing answers and, when using FAs to prepare for exams, only re-read
prompts and assignments.

RQ2: How Do Students Perceive That Specific Implementation Characteristics
Influence Their FA Buy-In and Utilization?

To understand connections across different framework components, we identified
potential relationships between instructor implementation and student buy-in and
utilization. In the following sections, we highlight how certain aspects within each
implementation category can influence student engagement. The technology and
mechanism of implementation category did not have enough excerpts to generate valid
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conclusions. Table 4 summarizes our findings for each category to aid instructors as
they consider how their implementation choices may affect student engagement. For
each representative quote, we indicate a student identification number (1–38).

Timing of the FA

One implementation characteristic that students perceived to have a large impact on
their buy-in was the FA timing, which refers to when it is completed compared to when
the material asked about in the FA is “covered” by the instructor. Both in-class and out-
of-class FAs could be either pre-coverage or post-coverage. For example, clicker
questions could be posed to students before or after the relevant material has been
presented, and similarly out-of-class assignments could be due before or after that
content was covered in class. FA timing has not received attention in reviews of best
practices (Gibbs, 2010; Offerdahl et al., 2018; Shute, 2007), despite being a funda-
mental consideration instructors will have to make when implementing FAs.

Students held mixed opinions about pre-coverage FAs. Some students recognized
benefits, such as informing the instructor of student misconceptions, promoting student
accountability to prepare for class, and increased efficiency of class time. For example:

“It’s kind of challenging sometimes, because you obviously haven’t learned it
yet, so it’s kind of on you, but I think it’s a good thing, because you understand
the basics of it before you go into it, and then, like I said, [the instructors] add
detail and kind of explain it more.” (18)

However, other students expressed concerns about pre-coverage FAs, stating that they
worried they would learn the material incorrectly, that they believed this method was an
inefficient way of learning, or that they preferred to be introduced to topics through
lecture and then read and answer questions afterward. Resistance toward pre-coverage
FAs may stem from the fact that they shift the responsibility for learning more onto the
student (Akerlind & Trevitt, 1999). For example:

“You kind of have to teach yourself the topics in order to do [the pre-class
assignment], which is kind of weird because it’s the professor who are supposed
to, I guess, teach you. I mean you’re supposed to read the book and then
understand the things but it’s easier when your professor also clarifies things.
And then after he has clarified them you can go on ahead and do all the problems
that they ask you. And it’s not really helpful if you have to do them by yourself
when you don’t know what the topic is about.” (17)

In contrast, most students identified benefits of post-coverage FAs, including allowing
students to solidify their knowledge, obtain feedback, and practice for exams.

Student buy-in regarding FA timing translated into perceived influences on their
utilization behaviors in the categories of approach and resource use. Students in favor
of pre-coverage FAs reported that these FAs encouraged them to read before class and
improved their concentration in class. Conversely, students resistant toward pre-
coverage FAs reported that this timing would lead to poorer utilization behaviors, such
as giving lower effort, waiting for the instructor to explain the answer rather than trying
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to consider the questions (i.e., for pre-coverage in-class FAs), or looking up answers
online (i.e., for pre-coverage out-of-class FAs). For example, when asked how their
learning would be different if a post-class quiz were changed to a pre-class quiz, this
student responded:

Table 4 Considerations based on our research for how instructors can optimize FA buy-in and utilization

Categories Summary of themes from student interviews and insights for instructors

Timing of the FA •Pre-coverage FAs tend to yield more student resistance which can be associated with
utilization behaviors that undermine learning, such as lower effort and looking up
answers online

•To promote buy-in for pre-coverage FAs, instructors could frequently show students
how this timing is helping their learning and design other activity elements to best
complement it (e.g., more lenient grading, cognitive-level prompts that match student
knowledge at that stage, and explicit feedback during class)

Scheduling logistics •Students value consistency in FA logistics with respect to how activities are spread
across a class period and/or semester

•Consistency also helps improve student effort toward the FA

Activity messaging •Students often do not remember FA rationale provided only on the first day of class
•Students may be more responsive to rationale that is provided frequently throughout the

course and is related to performance-based student outcomes

Content •Students prefer higher-order, particularly real-world application prompts, that align
with exam questions

•These question characteristics encourage better utilization behaviors within all four
categories

Feedback •While students acknowledge self and peer forms of feedback, they highly value
instructor provided feedback that contains explanations

•Access to feedback for later studying is also valued and encourages students to revisit
FAs when studying

Facilitating peer
learning

•Students recognize and value instructor behaviors that promote discussion, such as
verbal encouragement, individual thinking time, instructor involvement,
and challenging prompts

•Students engage in more discussions about in-class FAs than they do about out-of-class
FAs, so out-of-class discussion requires explicit verbal and structural support during
class

Grading policy •Students value the accountability of having FAs count toward their course grade but
differ in whether they prefer participation or correctness grading

•Some students express concerns about stress and desires for leniency to acknowledge
that they are still learning, while completely lenient policies may elicit poor student
effort. When grading policy is misaligned with preferences, students report poorer
utilization

•Hybrid grading policies may best support productive student utilization by fostering
accountability while allowing leniency to reduce stress

Broader themes •Certain implementation characteristics have interacting effects on student buy-in.
For example, timing interacts with grading, content, and feedback. Instructor
facilitation of peer discussion interacts with content and feedback. Instructors should
consider how students will perceive the FA as a whole rather than considering each
characteristic in isolation

•While some FA implementation characteristics contradict some student learning
preferences, there were some students who were able to see their benefit and embrace
some degree of “acceptable discomfort”

346 Journal for STEM Education Research (2021) 4:329–362



“I don’t know. A lot of my classes do the pre-quizzes and I kind of dread them,
they’re annoying. [. . .] Usually it was, like they’re usually [online], like, timed
quizzes where you just go through your stuff and you have to find the material,
half the time I was just like, I would google questions and find exact answers
because they’re book questions or whatever, so I didn’t feel like I actually learned
very much from them, they were more of just an annoyance.” (30)

While pre-coverage timing contradicts the preferences of some students, these types of
activities align with constructivist learning theory and can promote learning (Marrs &
Novak, 2004). Thus, we propose that instructors will need to carefully attend to the
many other implementation characteristics to optimize student engagement with these
activities (several examples described below under Research Question 3).

Scheduling Logistics

Students expressed a wide variety of perceptions regarding ideal FA scheduling
logistics, such as FA frequency throughout the course, number of prompts asked per
class session or assignment, and amount of time allocated for completion. Despite
differing opinions, we found a common theme that consistency in FA delivery is
important for improving both buy-in and utilization. For example, this student
expressed reduced buy-in toward irregular clicker question use:

“Sometimes we’ll have clicker questions all three days or like two days, but then
we’ll go two weeks without having any. So it’s just like, I feel like they’re
actually not really useful at all in this class so far.” (13)

Students also reported that spreading in-class FAs throughout the lecture was helpful to
their learning while lumping them at the beginning or end of class harmed their
utilization by leading to decreased effort just to finish the questions. Similarly, students
expressed desire for consistency in out-of-class assignments, preferring dependable
weekly schedules rather than sporadic due dates. This student explained one benefit
from consistency:

“It was the fact that you, like, [the homework assignments] were consistent, like
we’re getting them on a regular basis and we like kind of knew what to expect
once you take them enough times.” (29)

In addition, some students cited inconsistent due dates as harmful to their utilization by
leading them to forget to complete assignments.

Activity Messaging

While previous work recommends that instructors combat student resistance by explic-
itly discussing their rationale for using FAs (Felder, 2007; Seidel & Tanner, 2013;
Silverthorn, 2006), little empirical evidence exists about how students respond to this
type of instructor talk (Seidel et al., 2015). Many students reported that they did not
remember whether the instructor had explained why they were using the FA, and only a
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few students mentioned instructor talk elsewhere in the interviews. The only other
study of student perceptions of instructor messaging also found that many students did
not remember that their instructor provided justification for active learning techniques
(Brigati et al., 2019).

All instructors reported that they provided rationale to students about their use of in-
class FAs, but a few did not for out-of-class FAs (Supplementary Material 3). Of those
instructors who did discuss FA rationale, most only did so at the beginning of the
course or on the syllabus. Thus, instructor talk may have influenced how students
initially engaged with FAs, but students often did not recall this effect during later
interviews. In cases where students remembered instructor rationale, some of these
students mentioned that the instructor reiterated their reasoning multiple times through-
out the semester. For example, this student described how instructors repeatedly
mentioned their reasoning for using in-class group activities:

“They say all the time in class that science is a group effort, so that’s what [the
instructors are] trying to reinforce in the class with the group effort.” (8)

While instructors reported rationalizing FAs to students in a variety of ways, we
observed that several student mentions of instructor talk pertained to the instructor
emphasizing how the FA provides valuable practice for the test. Based on these
observations, we propose that revisiting rationale regularly throughout the course and
framing FA rationale in terms of aspects that students may be primed to think about
(e.g., exams, grades) can help student buy-in. In addition, explicit instructor talk about
how students should utilize the FAs to prepare for exams could encourage good study
habits and help students use FAs to take ownership of their learning.

Content

Two aspects of FA content with consequences for student engagement were the
cognitive level of the prompts (Bloom et al., 1956) and the alignment of the FA
with exam questions. Students used the cognitive level of the FA to gauge its role in
the course. For example, some students who viewed the FA as padding grades
expressed that they felt this way because it consisted of mostly lower-order prompts
(e.g., knowledge, comprehension). Conversely, other students pointed to higher-
order FA prompts (e.g., application, analysis) as evidence that the FA functioned to
encourage critical thinking. This influence of the cognitive level of the FA on its
perceived purpose translated into effects on student buy-in. Higher-order, particu-
larly real-world application questions, were cited by students as being helpful to
their learning:

“I mean, I like the JiTT questions because I feel like in most classes you go to
class and you don’t understand where this applies. Like, why am I really learning
this? So I like the JiTT questions in that way, where I get to see the real-world
application, because I feel like most instructors are so driven by the material that
we need to learn that that always gets missed in most of my classes. So I like that,
because then I’m like ‘Oh’. Then when I see that connection with the outside,
then I can remember it for in class.” (23)
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In contrast, lower-order prompts were associated with memorization and regurgitation
of information and thus were viewed as less helpful. Some students also discussed the
learning benefits of challenging prompts and often equated difficulty with higher
cognitive level, which has also been observed with instructors (Lemons & Lemons,
2013). In addition to cognitive aspects, students expressed a preference for FA prompts
similar to exams (i.e., similar in either topic or depth) because they help students
prepare for the exam, while FAs unrelated to exam questions were seen as unhelpful or
a waste of time.

Students indicated that the cognitive level and alignment of the FA influenced their
behaviors within all four utilization categories. Higher-order prompts and high align-
ment with the exam encouraged students to give more effort, read before coming to
class, discuss with peers, return to the FA to review questions, and use the FA to study
for the exam. For example, this student explained how lack of alignment with the exam
influenced utilization:

“I think that it does need to be more reflective of the exam, because that’s what
we like, we like to be primed for the exam, like, ‘Oh, this is just like a [OTP]
question. Oh, this is just like a recitation question.’ So it’s just like more
motivation for us, but because we feel like—and I know there’s a lot of students
who feel like this—because we feel like the [OTP] questions are not applicable to
the exam or the recitation material, we feel like, ‘Well, what’s the point of us
doing that before class?’ And I think that leads the students [to] not reading early,
not focusing on the [OTP assignments].” (12)

Overall, students valued and engaged more deeply with FA prompts they perceived to
be higher-order, particularly real-world application, as well as prompts aligned with
exam questions. Interestingly, these results diverge from prior studies suggesting that
FA approaches may be more effective for familiar or less complex tasks (Kingston &
Nash, 2011).

Feedback

The way that feedback was provided to students varied widely among the FAs studied,
but there were a few broadly applicable conclusions about how students perceived
feedback. Given that feedback has been studied extensively (e.g., Shute, 2007), we
focus our attention on the aspects that students view as most salient to their buy-in and
utilization. While students acknowledged that they received feedback in discussion
with their peers and through self-assessment, they expressed that they also wanted to
receive a definitive correct answer along with an explanation for why that answer was
correct and others were incorrect (e.g., from the instructor or a key):

“Probably the part [of the clicker questions] where like we do go over the, like
why things are right and wrong is especially helpful.” (33)

Students also expressed a desire for the instructor to provide in-depth explanations for
FA questions that many students missed. Some felt an FA was not helpful to their
learning unless the instructor directly provided feedback:
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“If [the online homework] were discussed in class like the day after, they would
be better, because there’s no point in doing an assignment if you’re not going to
get feedback on what you did wrong or what the right answer was, and there
really isn’t any of that. It’s just an online assignment, so you go do it and then we
just continue with lecture like nothing happened.” (27)

Thus, an explanation from the instructor can help students see the benefit of an FA. The
accessibility of FA prompts and answers after the FA was completed also affected buy-
in, with some students expressing frustration when they did not have easy access to FA
feedback outside of class.

The amount and accessibility of FA feedback also influenced utilization behaviors,
particularly later use of the FA. For example, some students reported that when the
instructor spent class time explaining commonly missed FA questions, this encouraged
them to make a note to review those topics later, which they might not have thought to
review otherwise. In addition, students’ ability to access FA feedback influenced
whether they used the FA when studying for the exam. Students expressed preferences
for the instructor posting the FA prompts and answers on the course website. When the
only access to FA feedback was to record the answers themselves, students often
reported not doing so.

Facilitating Peer Learning

While student discussion of course material both during and outside of class has been
linked with measures of learning and performance (Benford & Gess-Newsome, 2006;
Carini et al., 2006; Hubbard & Couch, 2018; Smith et al., 2009), and peer discussion is
one of the five FA objectives (Black & Wiliam, 2009), less is known about how
students value and engage in peer discussion of FAs. We found differences between in-
class and out-of-class FAs; therefore, we present separate conclusions for these FA
types.

For in-class FAs, many students generally viewed some degree of peer discussion as
helpful for their learning, and some students that preferred less social interaction
recognized the benefits of discussion even though it was outside their comfort zone.
This student explained some of the benefits:

“I guess in group activities I like if someone understands something more than
the other person, it gives you the opportunity to teach them, and I think once you
understand a topic and you’re able to teach it to someone else that like proves that
you’ve mastered that skill or that topic, which helps you study more and then also
like helps the other student learn from–maybe like they didn’t understand it from
[the professor] and one of our group members was able to explain it in like a
better way for students to understand.” (4)

Students reported several ways in which instructors facilitated discussion of in-class
FAs. The most common way was through verbal encouragement, sometimes with
specific instructions (e.g., asking students to discuss with someone who answered
differently, telling students to share their thinking). Indeed, well-structured instructor
cues have been shown to improve the quality of student discussions (Knight et al.,
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2013). In addition to verbal cues, students reported other instructor behaviors that
helped them engage in productive discussions. These instructional behaviors included
giving time for individual thinking before discussion, not allowing students to blurt out
answers before everyone has had a chance to think, and preventing discussion time
from going too long. Circulation of instructors and learning assistants during discussion
helped students stay on task and prompted discussion in groups where it had stalled:

"If you were just kind of sitting there, she’ll make sure to–she doesn’t really call
you out, but she’ll come around and make sure like, 'Hey, are you guys talking
together, or what do you guys think?’ And then she’ll just make sure everyone’s
really engaged, so that’s kind of nice." (22)

Students also appreciated circulation because it allowed them to get help if they were
confused and ask questions they might have felt uncomfortable asking in front of the
whole class.

The use of formal student groups as a strategy for encouraging discussion yielded
mixed opinions from students. Buy-in toward formal groups often depended on
whether all group members engaged, and students commonly complained about their
group members not participating. This social loafing has also been previously noted as
a predictor of negative attitudes toward group projects (Aggarwal & O’Brien, 2008;
Pfaff & Huddleston, 2003).

Student buy-in regarding groups also depended on whether they were self-selected
or instructor-assigned. While some students approved of assigned groups, others
preferred self-selected groups because they felt more comfortable during discussion
and valued group members who placed similar importance on the course:

“When it’s like a huge lecture hall, I’m not a big fan of the group work, especially
when I get put in a group with people that I don’t really know, especially when
we’re not getting along that well. It’s really easy when you’re put with people you
can talk to continually and you know care about the class, I guess. Like I don’t
want to generalize people, but some people care more than others. And so, and
like smaller classes where I know more people in it and I have my friends in it,
it’s really easy to talk through the topics and converse about those things.” (31)

These findings contribute insights into why self-selected groups yield higher student
satisfaction compared with random group assignment (Chapman et al., 2006; Myers,
2012). Strategic group assignment based on GPA and interest may improve satisfaction
(Brickell et al., 1994), but studies find mixed results as to whether instructor-assigned
or self-selected groups have better learning outcomes (Brickell et al., 1994; Hilton &
Phillips, 2010; Swanson et al., 1998; van der Laan Smith & Spindle, 2007).

We found that instructor facilitation and student engagement in peer discussion was
less common for out-of-class FAs. Common reasons given by students for not
discussing out-of-class FAs included preferring to complete assignments alone or not
knowing anyone else in the class. Some students who did report discussing outside of
class expressed that they did so because the FA was challenging and the answers could
not readily be found on the Internet. These findings provide valuable new insights, as
little prior work exists on student discussion of out-of-class FAs in undergraduate
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courses. Future work could test whether instructor interventions such as repeated and
specific verbal reminders to discuss, improvements to FA content, use of online
discussion boards, and establishment of formal discussion groups during class to help
students find potential discussion partners. Alternatively, discussion may be better
supported by setting aside time during class for students to discuss out-of-class
assignments, as was the case for the two instructors who used JiTT.

Grading Policy

Student perceptions about the fairness of grading policies influence their attitudes,
motivation, and resistance (Chory-Assad, 2002; Chory-Assad & Paulsel, 2004). Our
first main finding regarding grading policy pertained to the inclusion of the FA in the
course grade. All of the FAs in this study were graded in some form, so we cannot draw
conclusions about ungraded FAs. However, students acknowledged that grading the
FA helped keep them accountable for completing it, compared to if it were optional. In
terms of utilization behaviors, grading the FA encouraged attendance or completion
and fostered higher effort toward the FA.

The second main theme concerned how the FAs were graded. Students discussed the
pros and cons of participation-based versus correctness-based grading schemes. Stu-
dents appreciated the freedom from being penalized while they were still learning
material, which fostered critical thinking and peer discussions focused on understand-
ing rather than just the correct answer. Some expressed the downside that participation
grading might also cause them to not perceive an activity as valuable and therefore give
less effort. Students with positive opinions of correctness grading said it encouraged
increased effort, preparation before class, and peer discussion. Conversely, other
students cited concerns that correctness grading created stress and pressure (particularly
for in-class FAs) or prompted them to engage in behaviors that undermined learning,
such as searching the internet to find the exact questions and answers (particularly for
out-of-class FAs). These connections between FA grading and student behaviors were
described by a student reflecting on how they would respond if an in-class activity was
changed to correctness grading:

“It’d be probably a lot more stressful trying to make sure I get the right answer
and I don’t know if I’d be trying to learn as much if I was just trying to get the
right answer or not actually, uh, concern myself with learning what the question’s
about. I’d probably be just like asking a neighbor or something what the right
answer [is], just so I get the points.” (2)

Our findings provide further support that correctness-based grading can lead to an
emphasis on the correct answer over sense-making (Turpen & Finkelstein, 2010) and
less collaborative discussions (James, 2006; James et al., 2008), while also showing
that some students value other benefits of correctness grading.

While some sources recommend participation grading for FAs (Angelo & Cross,
1993), given the balance of pros and cons of participation versus correctness grading,
hybrid grading schemes may offer a reasonable compromise. These policies require
correctness to achieve full credit, which can foster accountability, but also include built-
in factors that allow for leniency to reduce stress as students learn (e.g., offering partial
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credit for incorrect answers, providing multiple tries to answer, or dropping some of
each student’s lowest FA grades). Providing adequate leniency may be necessary to
discourage the negative outcomes associated with higher stakes, correctness grading
policies (James et al., 2008).

RQ3: What Combined Effects Exist Across Different Implementation Characteristics?

While previous studies have often focused on specific FAs in particular contexts,
considering several FAs together enables us to identify and describe relationships
between implementation characteristics as well as other themes that emerged in more
than one implementation category. These cross-cutting themes provide additional depth
in understanding how implementation characteristics affect other framework
components.

Implementation Characteristics Have Combined Effects on Student Engagement

FA timing affected several other implementation aspects. For example, whether the
FA was completed before or after the material was covered in the course impacted
student perceptions about the fairness of the grading policy. Students often
expressed that a correctness-based grading scheme was unfair for pre-coverage
FAs:

“I think some of the [JiTT] questions are way too hard, and I don’t think it’s fair,
as far as grading goes, to actually grade that, because we don’t know anything
about it. Obviously, we’re supposed to be reading and learning about it before-
hand, but I think it should be more of like a participation grade again, if it’s stuff
we haven’t even covered.” (38)

Conversely, students were more open toward correctness-based grading for post-
coverage FAs. Thus, instructors should consider more lenient grading policies for
pre-coverage FAs to help reduce resistance.

Similarly, FA timing shaped student perceptions about the cognitive level of the FA
content. While students appreciated higher-order FA prompts aligned with the exam,
some students complained that pre-coverage FAs were too difficult to attempt before
the content was covered in class. Unfortunately, this creates a dilemma for instructors
considering what type of content to include on pre-coverage FAs. It makes sense to
give students lower-level prompts as part of the pre-class assignments to prepare them
before class; however, this may be at odds with student preferences for having FAs
similar to exams, which may be higher order. Therefore, instructors may need to
prioritize the goals they have for the particular FA, while explaining their rationale to
students and providing opportunities through other FAs for students to practice higher-
order thinking.

FA timing also impacted feedback. We found that student perceptions about the
importance of the instructor spending time in class on frequently missed questions were
particularly beneficial for pre-coverage FAs. These results suggest that instructor use of
FAs to alter their teaching and give feedback will help alleviate student concerns about
learning material incorrectly on pre-class FAs.
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We also found that perceptions of peer discussion depended on other implemen-
tation categories. Some students expressed higher buy-in toward peer discussion if
they viewed FA content to be challenging and aligned with exams. In addition,
students were more open toward peer discussion in class if they knew they would be
getting feedback from the instructor after the discussion session. Thus, improved
content and feedback can encourage buy-in toward and utilization of peer
discussion.

The FA literature contains little investigation about how different FA implementa-
tion characteristics have combined effects. The examples provided here support the
idea that instructors should consider how students will perceive the FA as a whole—
with particular attention to FA timing—rather than only considering each characteristic
in isolation. While certain effects may have been less salient in student interviews, the
number and range of excerpts reflecting combined effects lends strong support to the
complexity of factors affecting student experiences.

Some Students Embrace a Degree of “Acceptable Discomfort” When FA
Implementation Contradicts Their Learning Preferences

While students often expressed learning preferences, some described how they could
tolerate certain approaches that contradicted their instincts if they saw the benefit
behind a different way of learning. For example, some students expressed a preference
for learning alone rather than learning with peers, such as during clicker questions:

“I’m more of an independent person, I guess. I would rather just work through
things on my own.” (1)

However, despite preferring to work alone, a few students expressed that they could see
and accept some benefit to peer discussion:

“I don’t really like working in groups, but I do think they help. It’s weird. I’d
rather do things. If it comes to like a project or something, I’d rather just do it
myself. I’d rather get it over with, but if it comes to like going over a question or
going over something, then it makes it helpful to hear somebody else’s insight.”
(37)

Thus, we found that some students could see the usefulness of learning strategies
outside of their comfort zone.

Another example of acceptable discomfort related to preferences regarding FA
timing. Some students expressed resistance toward pre-coverage FAs because this
timing contradicted their preferred order of learning tasks. However, some of these
students also expressed openness to a contradiction of their learning preference. This
student explained their dislike for pre-coverage FAs:

“It forces me to actually like learn stuff before I come to class. I mean that sounds
really bad but if I come into class I’d like to start off with a clean mind in the
morning and not having to like relearn stuff. Like I kind of want to put it off to the
end but that’s not feasible in this class.” (19)
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However, after a follow-up question about how the FA should be implemented with
respect to timing, this student responded:

“Probably the way that they’re doing it now. I mean, although I don’t like it, I
mean, it [. . .] helps cushion what we already know. It helps build up to that so
you can move on to the next [OTP] assignment and then kind of build to the
bigger picture again.”

Creating “acceptable discomfort” for students to step outside of a preferred learning
habit will likely need explicit guidance. We suggest that instructors use a combi-
nation of design elements and targeted messaging to help students buy-in to FA
methods that contradict their learning preferences. Important design elements may
make it easier for students to become more comfortable with new ways of learning.
For example, creating FA prompts that are challenging, higher-order, and aligned
with exam questions as well as giving students the opportunity for individual
thinking time prior to discussion may help students realize the value of engaging
in peer discussions. Similarly, to help ameliorate discomfort with pre-coverage
FAs, instructors can provide feedback after these activities (e.g., providing expla-
nations for commonly missed questions). Additionally, instructors can highlight the
rationale behind certain implementation characteristics throughout the course. For
example, instructors can explain why discussing with peers is helpful or point out
after an exam how specific FA questions were aligned to exam questions. Similarly,
during a class session in which students tackle a particularly difficult topic, instruc-
tors can emphasize that students could take on this particular problem because they
had previewed certain information before class.

Table 5 Road-map for instructorsa

Step Process Resources

1 Choose an FA type that you use or plan to use. Make a list of
instructional goals for the FA

2 Use the inventory of FA implementation characteristics as a means to
self-diagnose how you address each aspect within that FA

Table 2, Supplementary
Material 7

3 Examine findings about how each category of FA implementation
influences student buy-in and utilization and suggested ways for how
to improve these outcomes

Table 4

4 Ask whether current implementation aligns with your goals for the FA

5 Consider using the findings about student FA utilization to structure
explicit discussions or reflections with students about how they can
improve their learning

Table 3

6 Collect feedback from students on their engagement by giving an
informal or previously published survey. Adjust implementation
characteristics accordingly to foster student buy-in and utilization

Brazeal et al., 2016, Brazeal
& Couch, 2017

a This process can be followed by instructors alone or supported by a group of other instructors and support
professionals
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Conclusions

Drawing on Black and Wiliam’s (Black & Wiliam, 2009) five FA objectives and
guided by the FA Engagement Framework, this study sought to elaborate how students
within one STEM discipline perceived FA implementation to influence their buy-in,
utilization, and learning. We began by delineating the many implementation charac-
teristics involved with commonly used FAs. Outlining these aspects will enable future
work to test their importance and continue identifying best practices, especially for out-
of-class FAs for which few guidelines exist at the undergraduate level. We also
described a range of general behaviors students employ when utilizing these FAs.
While previous studies included some of these behaviors with respect to specific FAs,
the current study includes a more comprehensive and generalized outline of potential
student behaviors across many FA types. We have provided a more nuanced under-
standing of how students can employ a mixture of utilization behaviors, including those
that may or may not support learning. Future work can also take a more directed
approach to characterize specific aspects of utilization behaviors (e.g., dissecting
answering strategies or Internet use) and compare how students modulate their behav-
iors under different implementation conditions. This work will also help instructors
understand how students use FAs and lead discussions with students about how to best
use FAs to maximize their learning (e.g., by prompting students with metacognitive
exercises; Tanner, 2012).

Next, we provided nuanced insights into how specific implementation charac-
teristics influence student perceptions and behaviors and outlined ways that instruc-
tors might promote engagement. We found that for some of the implementation
categories, students value practices aligned with recommendations in the literature,
lending further credence to these practices and deepening our understanding of why
they foster student engagement and learning. For example, we found that student
buy-in and utilization can be improved by using higher-order prompts aligned with
exam questions (Gibbs, 2010; Offerdahl et al., 2018), providing feedback contain-
ing explanations (Shute, 2007), and using specific strategies to promote student
discussion (Fagen et al., 2002; Tanner, 2009). Conversely for other implementation
categories, little empirical work existed, particularly within undergraduate STEM
disciplines, and we found that student views did not align with certain recommen-
dations. For example, FA timing has received little prior attention, and while pre-
class timing is recommended as a way to improve student learning (Marrs & Novak,
2004), we found that many students reported resistance and poor utilization in
response to this timing. Thus, while students can see value in any of the FA types,
instructors will likely need to make concerted efforts to improve student engage-
ment with pre-class FAs. As another example, despite little empirical evidence,
teaching guides and workshops often emphasize the importance of instructor
messaging to improve buy-in. However, we did not find strong evidence in support
of this claim, either because messaging is not a highly effective method, because
instructors provided messaging that was unconvincing, or because students do not
recall early messaging as salient to their perceptions. Furthermore, few studies have
examined how students react to different grading schemes, and while other work
recommends participation grading (Angelo & Cross, 1993), we found that this may
not be sufficient to promote positive engagement for some students.
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This study examined broader themes across different implementation categories,
which highlights the trade-offs instructors must consider. Understanding the complex
interplay among task characteristics and instructional contexts represents an important
gap in the FA literature (Shute, 2007). Importantly, the inclusion of a range of FA types
in our sample enabled us to explore combined effects of different activity characteris-
tics. For example, students appear to react differently to grading schemes, prompt
cognitive levels, and feedback methods for pre-class FAs versus post-class FAs. These
results underscore that studies focusing on only one FA characteristic should not
assume that their findings apply across FA types, which have different activity char-
acteristics. Furthermore, this study improves understanding of student resistance, a
topic of much concern for STEM instructors but that has received little attention in
STEM education studies (Seidel & Tanner, 2013; Tharayil et al., 2018). We described
specific reasons why students may resist particular activities, thereby giving instructors
ways that they can help students optimize their interactions with FAs and find a level of
“acceptable discomfort” with practices they initially resist. Moreover, the finding that
students can tolerate some level of discomfort challenges the notion that student
resistance toward certain instructional practices is inflexible.

Altogether, our work lends credence and detail to the model expressed by Prosser
and Trigwell (2014) that variation in instructional approaches impacts student percep-
tions and behaviors. Furthermore, our study demonstrates how the interplay between
instructor and student actions can ultimately shape whether an FA produces learning
opportunities aligned with the five FA objectives (Black & Wiliam, 2009). While our
study focused on biology courses, we suspect that many of our findings would also
apply across other STEM courses, but more work is needed to explore potential
differences based on disciplinary norms and content. Table 5 provides a road-map
for instructors to reflect on their own activities. In the longer term, our efforts to
elaborate different dimensions of the FA Engagement Framework will provide a basis
for the development of resources and instruments to further examine the complex
connections between activity characteristics, FA engagement, and student learning on
a broad scale.
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