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ABSTRACT
An important challenge for the geoscience community is developing engaging, accessible, and 
effective experiences within introductory courses, which are often gateways to geoscience majors. 
This study evaluates low-barrier-to-entry and flexible assignments focused on a pedagogical 
innovation: faculty replaced one of their usual course components (research paper, lab, etc.) with a 
Student-Produced Audio Narrative (SPAN) assignment. SPAN assignments require students to engage 
with geoscience content by telling a scientific story using simple audio-recording and production 
techniques. The hypothesis is that SPAN assignments will increase students’ personal connection to 
geoscience course content. The pilot study included 8 faculty and 693 students across a range of 
institution types, course structures, class sizes, and content topics during the control and 
implementation semesters. The study evaluated student responses to SPAN assignments both 
quantitatively, using a pre/post survey, and qualitatively, using semi-structured interviews. Survey 
results show that students experienced positive changes in the categories of personal relevance, 
sense of curricular innovation, and future intentions to study science. Interview results indicate that 
much of the increased senses of innovation and personal relevance came from the creativity and 
choice the students experienced during the SPAN assignment. Taken together, these results indicate 
that SPAN assignments are innovative to students and effective pedagogical tools that can positively 
change students’ perceptions of their learning environment and attitudes toward science.

Purpose

Introductory geoscience courses play a key role in building 
a more diverse and larger geoscience workforce as well as a 
science-literate public. Exit surveys reveal that nearly one-third 
of geoscience majors choose their major as a result of an 
early experience, such as an introductory course, in either 
community college or the first undergraduate year (Wilson, 
2016). These students enroll in an introductory geoscience 
course for reasons other than a major, such as general edu-
cation requirements, but then leave on a path to the geosci-
ences. Introductory courses serving non-STEM majors are 
valuable recruitment opportunities for increasing the number 
and diversity of geoscience majors. However, there is a large 
and well-documented disparity between the number of stu-
dents enrolled in introductory courses and the small percent-
age who become geoscience majors (Martinez & Baker, 2006). 
Therefore, introductory courses must employ new and dif-
ferent pedagogical techniques to help close this gap.

Reaching introductory students is critical but difficult 
(e.g., Egger, 2019a). Geoscience faculty teaching introductory 

courses, particularly at two-year colleges (2YCs), face chal-
lenges such as: difficulty providing research, field, and lab-
oratory experiences; discipline isolation; and students’ limited 
exposure to geoscience careers and opportunities (Wilson, 
2014). Experiences and activities focused on introductory 
teaching have been the focus of many research studies, 
programs, and discipline-wide efforts (such as SERC’s “The 
Starting Point,” “On the Cutting Edge,” etc.). Yet field 
courses, place-based experiences and undergraduate research, 
while effective, can be difficult to implement in many gen-
eral education, introductory-level courses (National 
Academies of Sciences, Engineering, and Medicine, 2015, 
2017). The reality is that most general education, introduc-
tory courses involve large lecture halls, few or no teaching 
assistants and little teaching budget. Students are often jug-
gling multiple jobs, are first-time college students, and/or 
are taking care of a family (Holm Adamec & Asher, 2013). 
Weekend-long field trips and after-hours undergraduate 
research are not feasible options for a large number of these 
students. However, given the established importance of early 
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experiences and courses for students who might choose a 
geoscience major and career, it is important to reach these 
students (Egger, 2019a).

Learning goal

The research presented here addresses designing and eval-
uating student experiences within these critical introductory 
courses. We evaluated a flexible, adaptable assignment 
approach called Student-Produced Audio Narrative (SPAN) 
for instructors to use in introductory level geoscience 
courses. For the purposes of this study, we define geosci-
ences according to the AGI Workforce Report, which 
includes geology, hydrology, planetary science, marine sci-
ence/oceanography, atmospheric and space sciences, climate 
science, geochemistry, petrology, paleontology, environmental 
sciences and related fields (Wilson, 2016). In SPAN assign-
ments, students engage with the geosciences by telling a 
scientific story using simple audio recording and production 
techniques. Using qualitative and quantitative methods, we 
examined the impact of SPAN assignments in terms of stu-
dents’ attitudes toward science and their perceptions of the 
classroom learning environment.

This research was inspired by the experiences of authors 
Epstein, Guertin, and Kraal, who found that including 
audio-production projects in introductory-level classes 
engaged students in new and powerful ways, and reached 
students who might otherwise never see the relevance and 
importance of the subject matter (Epstein et  al., 2010; 
Guertin, 2012; Kraal & Regensburger, 2013). These obser-
vations led to an NSF-IUSE pilot grant to formally explore 
educational outcomes of the SPAN approach.

Literature context

To address the challenges of teaching introductory courses, 
we must establish inclusive, adaptable pedagogies that work 
specifically within the structures of general education courses. 
SPAN assignments achieve this through several approaches.

Inclusive pedagogy

Addressing equitable instruction involves incorporating 
inclusive pedagogical approaches. One approach is construc-
tivism, in which students have opportunities to make sense 
of the world in relation to their emerging knowledge, thus 
emphasizing the personal relevance of the content (Dorman 
& Adams, 2004). This is particularly important in science 
classrooms where, all too often, science is taught as a col-
lection of facts and patterns, devoid of any connectedness 
to students (Emdin, 2010; Keat & Urry, 1982). SPAN assign-
ments provide opportunities for students to link new ideas 
to familiar ideas, enabling them to internally construct 
understanding. Further, SPAN creates an inclusive learning 
environment that acknowledges, values, and utilizes students’ 
unique and diverse cultural resources as tools to learn sci-
ence, resulting in a shift away from traditional notions of 

assessment and learning. Student narratives may have a role 
in intersectionality exploration, in which students select a 
topic that is socially relevant to themselves and their lived 
identities (Nuñez, Rivera, & Hallmark, 2020).

This study examines scientific storytelling through an 
audio-narrative approach, rather than through written essays 
or video production. Audio is viewed as an inclusive ped-
agogy for student learning (see Kleege & Wallin, 2015; 
Schmidt, 2013). Students who are challenged with long com-
mutes to campus, who spend time exercising, or who engage 
in a variety of other activities may have the opportunity to 
listen to audio for academic or nonacademic purposes. 
Audio creation provides students ownership of the audio 
design and format, the methods of expression and commu-
nication, all within the assignment guidelines (see the 
National Center on Universal Design for Learning, http://
udlguidelines.cast.org/).

Accessible audio

Audio has a number of unique qualities that make it 
well-suited in introductory courses. First, there is a low 
barrier to entry in terms of cost and training. Basic audio 
can be recorded using only mobile phones. Free software 
for audio editing is widely available and accessible on com-
mon platforms. Second, audio files are small enough to be 
transferred and manipulated easily. These considerations 
are particularly relevant where interaction often occurs 
through online course management systems. Third, audio 
assignments are novel to students. The majority of assess-
ment in geoscience courses is from exams (Egger, 2019b). 
While most students have produced papers, written labo-
ratory reports, given presentations, or created websites, 
very few of them may have engaged in audio storytelling, 
so they are not bound by prior experience and expecta-
tions. Finally, today’s students surround themselves with 
audio experiences. As of 2019, nearly 51% of Americans 
older than 12 had listened to an audio podcast within the 
past month, and that number increases annually (Pew 
Research Center, 2019).

Student produced

The majority of studies on pedagogy and audio produc-
tion focus on the dissemination of content to students, 
not the creation of content by students (e.g., Drew 2017). 
Few studies, like the results presented in this paper, focus 
on the outcomes of audio creation by students. Note, 
some studies use the terminology of “podcast” to denote 
what in this study we term an “audio piece.” Technically, 
the term “podcast” refers to a particular mode of distri-
bution, which is not part of the SPAN assignments. 
Therefore, we use “audio piece,” “audio assignment,” or 
“audio narrative” to denote students modeling this assign-
ment with the intent of student learning versus profes-
sional media products. For example, in Lee et  al. (2008), 
investigators found that “learner generated” audio stories 
facilitated collaborative knowledge building and 
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disciplinary knowledge in an introductory-level informa-
tion technology course. Pegrum et  al. (2015) used a con-
trolled study implementing “creative podcasts” created by 
students in an introductory chemistry class. Among their 
results were that the creation of audio assignments by 
students was more influential than listening to audio cre-
ated by others, and that this technique shows promise for 
large, introductory classes. Some other research has sim-
ilar results, that student-created audio production is an 
excellent medium for establishing connections in isolated 
college populations (Lee & Chan, 2007), and audio pro-
duction can inspire students from many backgrounds to 
engage in their education (Campbell, 2005).

Further, the argument for instructional practices that use 
multimodal representations of content has been well estab-
lished (Dhingra, 2008; Lundby, 2008; O’Neill & 
Calabrese-Barton, 2005; Robin, 2006, 2008). These studies 
assert that student-produced digital media cultivates a sense 
of ownership over the content learned, resulting in increased 
engagement with the learning environment. Audio assign-
ments, such as SPAN assignments, may have the capacity 
to encourage students’ critical thinking and discourse as 
society moves to new media and communication technol-
ogies (Deal, 2007).

Narrative

The audio pieces created by students in SPAN assignments 
have another important component: the focus on narrative, 
or storytelling. Dahlstrom (2014) described science narrative 
or storytelling in this way: Narratives follow a particular 
structure that describes the cause-and-effect relationships 
between events that take place over a particular time period 
that impact particular characters…[the] triumvirate of cau-
sality, temporality, and character represents a fairly standard 
definition of narrative communication.

The role of cause-and-effect (time and impact) and rela-
tionships are important. Narratives contrast with other types 
of communications, such as lists, descriptions, or definitions. 
Ultimately, the key to developing a narrative is establishing 
connections between events and information. Scientific sto-
ries have been examined from a pedagogical standpoint, 
where scientific narratives were developed as instructional 
tools for delivering STEM content (e.g., Clough, 2011; 
Klassen, 2009). Others have shown that narrative can help 
scientists connect and communicate with the public (e.g., 
Dahlstrom, 2014; Gardiner, 2018).

The connections involved in narrative or storytelling may 
be especially critical, given that researchers have recently 
found that personal interest is the main reason students 
select a geoscience major (Sexton et  al., 2018). Developing 
a scientific narrative or story requires students to move 
beyond a repetition of facts and to look for connections. 
These connections could be personal (such as a childhood 
experience or an event in their community) and/or across 
disciplines (such as linking to political or economic con-
siderations). SPAN assignments take authentic root in the 
students’ interests and enthusiasms. Through these 

assignments, introductory-level students can develop and 
explore their interest in (geo)science and, therefore, they 
serve as valuable mechanisms in building interest among 
prospective geoscience-majoring students.

Study population and setting

The purpose of this pilot study was to examine the student 
response to completing a SPAN assignment as a part of 
their introductory geoscience course, with faculty teaching 
in diverse settings who had not previously used this 
approach. This pilot study took place over 4 academic 
semesters starting in Fall 2017 and concluding in Spring 
2019. It included one semester of training pilot faculty (Fall 
2017) and three implementation semesters (Spring 2018, 
Fall 2018, Spring 2019). Two of the NSF PI team (coauthors 
Kraal and Guertin) also continued to implemented SPAN 
in their courses with data collected from their students. 
Although these instructors were not part of the participant 
faculty group, these data were included to increase the sam-
ple size.

Participant faculty

The pilot program trained a cohort of six faculty within a 
regional area, all teaching at least one introductory geosci-
ence course. Faculty were drawn from both traditional geo-
science programs and multidisciplinary programs such as 
environmental science. The faculty represented a wide range 
of public and private institutions including urban, suburban, 
and rural; community colleges, R1 university, and regional 
state universities. Faculty classifications included temporary 
part-time and full-time as well as pre- and post-tenure. All 
courses were taught face-to-face, though all the faculty did 
use course management systems to facilitate delivery of the 
SPAN assignment. One goal for the pilot study was to 
observe SPAN implementation in a variety of course situa-
tions that corresponded to typical introductory courses; see 
Table 1.

In the fall and winter of the 2017–18 academic year, the 
participant faculty received three days of training to intro-
duce the SPAN approach and to assist faculty in developing 
their own SPAN assignments for use in their specific 
courses. Each faculty member created or modified an assign-
ment within a course to include the characteristics of a 
SPAN assignment (described above). Following the face-to-
face training period, the faculty were supported with online, 
virtual meetings about once a month during the semester 
with more continuous mentoring from the PI team. During 
the course of the study, faculty were free to modify their 
SPAN assignments.

Student information
There were a total of 693 student participants in the study. 
Of this total, 146 students were part of the control group 
(Fall 2017). The remaining 547 students were part of the 
implementation phase of the study. Over the course of the 
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three academic semesters of implementation, 547 students 
in 25 different courses completed post-surveys that included 
demographic information giving insights into aspects of 
the student population. Table 2 summarizes student 
characteristics.

Materials and implementation

SPAN assignments

SPAN assignments utilize audio storytelling to bring together 
compelling, student-centered, active pedagogical components 
that can be implemented in a variety of introductory courses. 
These components are grounded in previous research out-
lined above and combined here in a unique, inclusive, and 
flexible pedagogy. For the purpose of this study, a SPAN 
assignment must:

–	 be narrative in nature, focused on storytelling rather 
than reporting or listing information

–	 demonstrate students’ understanding of scientific con-
cepts in the course as appropriate to the assignment 
and course objectives

–	 ultimately be submitted as an audio file in which 
a student or group of students has recorded and 
edited audio sounds, such as their own voices, per-
haps ambient sound, etc.

The focus of a SPAN assignment is defined by the 
instructor and can be broadly interpreted (e.g., anything 
that interests students about the geosciences) or 
content-focused (e.g., about students’ interaction with the 
water cycle); see Table 1. Assignments were not designed 
or evaluated based on audio quality—for example, produc-
tion of “broadcast-quality” pieces. The focus in this study 
was on the process of student audio-narrative creation not 
the final product.

Developing SPAN assignments

For readers interested in implementing SPAN assignments 
in their own classes, we briefly describe the process pilot 
faculty underwent as a part of the research program in 
developing their assignments, along with a summary of their 
assignments (Table 1).

Three day-long training workshops were distributed 
across a semester and combined with asynchronous activities 
during the semester. First we introduced the contemporary 
world of audio production and the wide range of possible 
audio approaches. Sharing multiple, varied examples of audio 
production (short documentaries, public-service announce-
ments, audio dramas, profiles, personal reflections, etc.), we 
encouraged participants to listen for particular elements and 
to reflect on the storytelling techniques embodied in these 
audio pieces. We also discussed the nature of narrative and 
how narrative/storytelling differs from simply reporting or 
recounting facts (Dahlstrom, 2014) by reflecting on the ways 
in which the pieces use narrative/storytelling.

Next we introduced pilot faculty to audio recording and 
editing, using their mobile phones as microphones and the 
free, cross-platform audio-editing software Audacity (https://
www.audacityteam.org/) for production. We provided some 
basic technical support to some pilot faculty. However, 
Audacity is a freeware program with many Audacity tutorials 
available online. We also encouraged faculty to tap into 
other freely-available software on campus for students to 
use, such as GarageBand and Adobe Audition (not generally 
free, but available via site license at some institutions), as 
local on-campus technical support should be able to address 
any site-specific issues.

Next, the pilot faculty selected an assignment they ordi-
narily give in their regular classes to transition to a SPAN 
assignment. An important part of this process involved 
thinking through the learning goals inherent in each 
assignment. Support for this type of analysis is found in 
curricular and pedagogical materials, such those linked 
on the SERC Site Guide for Designing Courses (https://
serc.carleton.edu/36759). Pilot faculty determined which 
learning objectives might best be accomplished using a 
SPAN assignment. They then filled out worksheets defin-
ing learning goals for the audio assignment, the scaffold-
ing support students would need (library, writing center, 
etc.), and other elements. We then worked with them to 
develop and refine SPAN assignments to distribute in their 
classes. Pilot faculty had the discretion to determine the 
scope of the assignment as appropriate for their course; 
assignments encompassed a range from an extended 
two-week lab assignment to a semester-long project. Some 
instructors used groups; others used individual projects. 
Table 1 summarizes assignments developed by pilot faculty 
in this study.

To provide concrete examples for those interested in 
developing their own SPAN assignments, two example full 
SPAN assignments authored by coauthor Guertin can be 
found in NAGT’s Teach the Earth portal, Rally Speeches 
for Coastal Optimism (https://serc.carleton.edu/240117) and 
FutureEarthCast (https://serc.carleton.edu/243300)

Table 2. D istribution of student population characteristics. Total number of 
completed student post-surveys (547) across three semesters. College credits 
was used as an approximation for year in college.

Category Distinction % of students

Major STEM Major 12.8
Non-STEM 87.2

Gender Female 44.6
Male 54.9
Other/Prefer not to identify 0.5

Race/Ethnicity Non-Hispanic white 58.1
Hispanic or Latino 14.5
Asian or Asian American 12.4
Black or African American 11.9
Mixed Race 1.4
American Indian, Alaskan 

Native, Hawaiian or other 
Pacific Islander, Middle 
Eastern, or n/a – each 
comprising less than 1%

1.7

College credits 0–30 (First year) 30.6
30–16 (Sophomore) 35.9
60–90 (Junior) 17.7

More than 90 (Senior) 15.0
n/a 0.7

https://www.audacityteam.org/
https://www.audacityteam.org/
https://serc.carleton.edu/36759
https://serc.carleton.edu/36759
https://serc.carleton.edu/240117
https://serc.carleton.edu/243300
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Before the pilot faculty implemented their first SPAN 
assignment, we discussed some possible items to be aware 
of. First, was the technology available to students on campus 
– e.g., does audio recording/editing software exist on campus 
laboratory computers? Is this something faculty can request 
to be downloaded/installed? We did have one faculty par-
ticipant at an institution where students were not allowed 
to plug in microphones to any campus computers, and we 
addressed the opportunities and apps available for recording 
on mobile devices such as cell phones. We also discussed 
working with students that may be deaf or hard-of-hearing, 
or may have a speech impediment. We again emphasized 
that a SPAN assignment emphasizes the process and not 
the final technical product, and a student could be respon-
sible for developing the script for an audio narrative but 
have someone else record it. For example, one faculty mem-
ber had a student with a stutter, and that student wrote the 
script, had another student read it, and then completed the 
final editing before submission. We emphasize that in all 
cases, ultimately the focus of the assignment was on the 
student process of creation, not the final product.

Research methods

Overall design

In this paper, we report results for one of our research ques-
tions, as part of a larger NSF-funded research study. 
Specifically, we sought to explore and understand the impact 
of SPAN assignments in terms of students’ attitudes toward 
science and their perceptions of the classroom learning envi-
ronment. In line with the research hypothesis noted above, 
this study did not evaluate SPAN assignments for content 
learning or for audio production quality. As recommended 
by Tobin and Fraser (1998), we chose to use a mixed-methods 
approach involving a questionnaire to collect quantitative 
data and semi-structured interviews to collect qualitative data.

Data sources & collection

Collecting quantitative and qualitative data increased the reli-
ability of our results (e.g., Fraser & Tobin, 1991) and provided 
us with a more holistic and robust understanding of the impact 
of SPAN assignments on students. We also wanted to accurately 
capture the impact of SPAN assignments on how students 
developed and/or changed specific attitudes toward science as 
well as their perceptions of key aspects of the learning envi-
ronment, particularly those that we preliminarily identified as 
important in science classrooms. Further, our recognition of 
the limitation of a single type of data source (i.e., a student 
questionnaire) as possibly containing too much error to be 
reliable by itself (Fraser & Tobin, 1991) prompted us to include 
semi-structured interviews as additional data.

Quantitative data collection

For this research study, we collected quantitative data using 
the Questionnaire Assessing Connections to Science 

(QuACS). Sirrakos and Fraser (2019) developed and 
field-tested the QuACS to “evaluate educational innovations 
that involve place-based learning, scientific storytelling or 
narratives” in terms of students’ perceptions of the classroom 
learning environment and their attitudes toward science. As 
part of the instrument’s development, Sirrakos and Fraser 
(2019) demonstrated the QuACS’ “sound factorial validity 
and internal consistency reliability.”

The QuACS consists of 47 items across six scales  
(Table 3). Four of these scales are dedicated to assessing 
students’ attitudes toward science: Future Intentions to Study 
Science, Science Self-Efficacy, Scientific Storytelling, and 
Place-based Learning. The remaining two scales assess stu-
dents’ perceptions of specific dimensions of their learning 
environment, namely Personal Relevance and Innovation. 
Each of the 47 items was scored using a Likert scale of 1, 
2, 3, 4, and 5 respectively, for the response choices of 
Strongly Disagree, Disagree, Neutral, Agree, and Strongly 
Agree. Table 3 provides an overview of each QuACS scale 
including its name, a scale description, a sample item, and 
the number of items associated with the scale (see Sirrakos 
& Fraser, 2019 for the full questionaire).

QuACS was administered as a pretest and posttest to 
students during the academic semesters Fall 2017, Spring 
2018, Fall 2018, and Spring 2019. The course instructor 
was responsible for administering the QuACS. The 
research team provided each instructor with a list of 
directions and a script to read to students. The instructor 
informed students that their questionnaire responses 
would remain confidential and not affect their course 
grade. This information, along with additional directions 
and a statement of consent, was printed on the cover 
sheet of each questionnaire. Students completed the pre-
test at the beginning of the semester, prior to any dis-
cussion relating to or any experience with a SPAN 
assignment. Students completed the posttest at the end 
of the semester, after having completed their SPAN assign-
ment. This was true for all semesters except Fall 2017, 
whose students served as a control group, and thus no 
SPAN assignments were given. Our analyses required us 
to match pretests and posttests, thus anonymous ques-
tionnaires were not possible. Instead, they remained con-
fidential. Due to the pilot study size, all data in all courses 
were binned for analysis. Survey data for individual course 
or student or instructor were not analyzed, and faculty 
did not receive any individualized or grouped course 
information. Response rate was 55% for matched pre-post 
surveys. As our data analyses required matched pretests 
and posttests, there was some level of attrition, for 
instance, where a student completed a pretest, but not a 
posttest, or vice versa. These students were not included 
in our analyses. The research team was not informed by 
pilot faculty of students refusing to participate.

Qualitative data collection

Semi-structured key informant interviews of students were 
used to further investigate students’ attitudes toward science 
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and perceptions of the learning environment in response to 
SPAN assignments. By utilizing key informants, we had the 
opportunity to understand the personal perspectives of a 
small sample of individual students regarding the impact of 
SPAN assignments that might not necessarily have to come 
to light through the QuACS alone (Rubin & Rubin, 2005). 
As suggested by Morgan (1997), the semi-structured format 
provided the research team with the needed flexibility to 
begin with a small number of pre-established questions and 
then ask follow-up questions that made sense in terms of 
the particular context of the interview and the themes that 
emerged in real time.

Toward the end of each implementation semester (Spring 
2018, Fall 2018, and Spring 2019), faculty participants were 
asked to identify three students, or key informants, who 
might be willing to participate in an interview. Each of the 
identified key informants in each class had a different expe-
rience with SPAN: one was identified as enjoying SPAN, 
another was identified as seemingly apathetic toward SPAN, 
and another was identified as someone who did not enjoy 
SPAN. In an attempt to minimize bias during our analyses, 
the research team intentionally did not monitor which group 
(i.e., students who enjoyed SPAN versus students who did 
not seem to enjoy SPAN) individual students interviewed 
represented. Not every student who was identified by a 
faculty participant participated in an interview. Over the 
course of the three implementation semesters, 54 students 
were identified and nine agreed to participate. The nine 
interviewees represent a participation rate of approxi-
mately 17%.

In line with the semi-structured format, the interviewer 
used the following set of questions as starting points for 
each interview:

•	 How did the SPAN assignment differ from other types 
of assignments completed in your other courses?

•	 Did you enjoy completing the SPAN assignment? 
Why? Why not? Was there a particular aspect of the 
assignment that you liked best? Least?

•	 Did you feel that the SPAN assignment made the 
course more engaging? Why? Why not?

•	 What did you perceive as the advantages and lim-
itations of using the SPAN assignment as a tool to 
learn science content?

•	 When completing the SPAN assignment, how did you 
attempt to make the science content more engaging 
and relevant for the listener?

•	 How would you describe the SPAN assignment to 
a student who could register for the course next 
semester?

To ensure that interviews were conducted effectively and 
consistently, a set of interview protocols was developed as 
described by Anderson (1998). The approximately 30-minute 
interviews were conducted generally within two weeks of 
the course ending and completed using video conferencing 
software, which also made recording each interview easier. 
With the capacity to record, the interviewer did not have 
to take notes during the interview and, instead, could listen 
intently and ask follow-up questions as appropriate.

To ensure the trustworthiness of our qualitative data, at 
the conclusion of each interview, the interviewer provided 
the participant with an oral synopsis of key points shared 
during the interview to ensure accuracy. Additionally, the 
transcribed interview data were initially reviewed separately 
and then analyzed jointly by two members of the 
research team.

Validity and reliability

Measuring an instrument’s validity ensures that what we are 
measuring appropriately reflects what we expect to measure. 
Establishing an instrument’s reliability ensures that each of 
the items making up a unique scale reflect a common con-
struct and that there is consistency among the associated 
items. These types of analyses are important when working 
with a questionnaire, because they add credibility to the 

Table 3. S tructure of the questionnaire assessing connections to science (QuACS).

Scale Description Sample item
Number of 

items

Personal relevance The extent to which school science connects 
with students’ out-of-school experiences

This course provides me with a better 
understanding of the world outside 
school.

7

Innovation The extent to which the instructor utilizes a 
variety of new activities, teaching 
techniques and assignments.

New and different ways of teaching are 
used in this class.

7

Future intentions to study science The extent to which students indicate their 
intentions to study science in the future or 
pursue a science-related career

I intend to study science in the future. 7

Science self-efficacy The extent to which students believe that they 
can be successful in science and scientific 
communication

I am confident I can do well in this 
science course.

14

Scientific storytelling The extent to which students believe that 
scientific storytelling assists them in making 
connections to science

Combining scientific information from 
several sources into a story is an 
interesting way to learn science.

7

Place-based learning The extent to which students believe that the 
local community is a good source of science 
learning

The local community is a useful resource 
for learning science. 

5
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results and conclusions made based on data obtained using 
this instrument.

For this study, factor analysis of the QuACS was carried 
out using principal axis factoring with Oblimin rotation and 
Kaiser normalization to check the structure of the 47-item, 
six-scale questionnaire. Oblimin rotation was suitable as we 
anticipated the scales being related, rather than independent. 
Kaiser normalization facilitated obtaining stable factor solu-
tions across different samples. In contrast to the preliminary 
validity testing of the instrument (Sirrakos & Fraser, 2019) 
for which one factor analysis was conducted for the two 
learning-environment scales and a second factor analysis 
was conducted for the four attitude scales, all subsequent 
analyses involved a single factor analysis that included all 
six QuACS scales. Pretest and posttest analyses were con-
ducted separately for the sample in each of the four semes-
ters (Fall 2017, N = 146; Spring 2018, N = 141; Fall 2018, 
N = 204; and Spring 2019, N = 202), as well as for the com-
bined sample (N = 693 including the control and N = 547 for 
study semesters). For each of these factor analyses, the factor 
solution closely aligned with our instrument’s six-scale struc-
ture, thus further supporting the instrument’s validity. Factor 
analysis results for the combined sample displayed patterns 
similar to those for the specific data set each semester.

Table 4 presents factor loadings for the QuACS for the 
pretest and posttest for the entire sample. We used two 
criteria when making decisions whether or not to retain 
an item. In order to retain an item in the QuACS, it had 
to have a factor loading of (1) at least 0.40 on its own 
scale and (2) less than 0.40 on all other scales (Tabachnick 
& Fidell, 2013). Factor analysis of pretest data revealed 
that all 47 items satisfactorily loaded on the correct scale 
and not on other scales. Factor analysis of posttest data 
revealed similar findings, but with some minor discrep-
ancies. For the posttest data, factor analysis results for 
five of the six scales were consistent with the pretest data. 
The items associated with Place-based Learning did not 
load on their own scale, but rather loaded with Personal 
Relevance. This factor loading issue only appeared for the 
posttest for the entire sample, but did not appear during 
preliminary analyses of the sample for each semester. 
Additionally, three items on the Science Self-Efficacy scale 
did not adequately load on their own scale, but this is 
inconsequential because of the large number of items asso-
ciated with that factor/scale.

Further, as part of assessing the instrument’s validity and 
factor strength, we calculated eigenvalues and percentages 
of variance for each scale (see bottom of Table 4). The 
percentages of variance for the QuACS pretest for the total 
sample ranged between 2.87% to 37.58% and the eigenvalues 
ranged between 1.35 and 17.66 for different scales. The total 
proportion of variance accounted for by these 47 items in 
six scales was 64.54%. Percentages of variance for the 
posttest for the total sample ranged between 2.65% to 
50.16% and the eigenvalues ranged between 1.25 and 23.58 
for different scales. The total proportion of variance 
accounted for by these 44 posttest items in five scales was 
70.16%. Overall, these factor-analysis results support the 
structure and validity of the QuACS.

To determine each scale’s internal consistency reliability, 
we calculated the Cronbach alpha coefficient. Because the 
alpha coefficient has an upper bound of 1, an alpha coef-
ficient for a particular scale approaching 1 provides greater 
confidence that the items indeed reflect a common construct 
(Boslaugh & Watters, 2008). According to Cortina (1993), 
reliability values over 0.70 are desirable. Cronbach alpha 
coefficients across the six scales for the whole sample ranged 
from 0.86 to 0.95 for the pretest and from 0.94 to 0.97 for 
the posttest. (For individual Cronbach alpha values see bot-
tom Table 4). These results support the QuACS’ strong 
internal consistency reliability.

Quantitative data analysis

For the pretest and posttest QuACS data collected in each 
semester (Fall 2017, Spring 2018, Fall 2018, and Spring 
2019), Table 5 provides the mean and standard deviation 
for each QuACS scale for each semester. Fall 2017 data 
(shown in italics in Table 5 to facilitate comparison) involve 
a student control group who did not complete a SPAN 
assignment. The other three semesters involved experimental 
groups of students who each completed a SPAN assignment.

In each semester, students’ matched pretest-posttest scores 
for each of the six QuACS scales were analyzed to investi-
gate changes over time. First, a repeated-measures ANOVA 
was calculated for each semester for each QuACS scale to 
ascertain the statistical significance of changes between pre-
test and posttest. Additionally, an effect size (d) was calcu-
lated to indicate the magnitude, or educational importance, 
of the pretest–posttest difference for each scale without 
being burdened by the limitation of sample size (Cohen, 
1992). Calculating effect sizes is important because the pres-
ence of a statistically-significant difference between two 
means, which might be primarily a function of sample size, 
does not in itself indicate whether the difference is import-
ant. Therefore, combining traditional significance testing 
(ANOVA) with a calculation of effect size provides richer 
insights. According to Cohen (1992), an effect size of 0.2 
is considered “small,” of 0.5 is “medium,” and of 0.8 and 
above is “large.”

Finally, ANCOVA (F) was used to compare the control 
group with each of the three experimental groups on 
posttest scores on each QuACS scale while controlling 
statistically for corresponding pretest scores. Using the 
pretest as covariate in ANCOVA is a more sophisticated 
statistical test than directly comparing pretest-posttest 
changes for two groups because of the potential unreli-
ability of change scores. ANCOVA results are in the last 
column of Table 5.

Qualitative data analysis

Analysis of semi-structured student interviews elaborated 
on several findings from the QuACS and revealed additional 
student perspectives regarding the impact of SPAN assign-
ments. Each interview was transcribed and then reviewed 
by two members of the research team to identify common 
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Table 4. F actor analysis results for QuACS for pretest and posttest for combined sample.

Factor loadings

Personal relevance Innovation
Future intentions to study 

science Self-efficacy
Scientific 

storytelling
Place-based 

learning

Item Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post

PR1 0.43 0.45
PR8 0.52 0.65
PR14 0.50 0.50
PR21 0.40 0.58
PR28 0.40 0.54
PR34 0.48 0.57
PR41 0.44 0.46

INN2 0.70 0.79
INN9 0.82 0.81
INN15 0.74 0.74
INN22 0.71 0.86
INN29 0.78 0.86
INN35 0.61 0.63
INN42 0.84 0.94

INTEN3 0.85 0.84
INTEN10 0.58 0.70
INTEN16 0.86 0.79
INTEN23 0.73 0.73
INTEN30 0.83 0.78
INTEN36 0.91 0.88
INTEN43 0.75 0.81

EFF4 0.63 –
EFF5 0.70 0.60
EFF11 0.71 0.78
EFF12 0.77 0.88
EFF17 0.74 –
EFF18 0.72 0.76
EFF24 0.58 0.63
EFF25 0.77 0.89
EFF31 0.75 0.60
EFF32 0.75 0.83
EFF37 0.73 –
EFF38 0.71 0.78
EFF44 0.63 0.54
EFF45 0.72 0.72

STORY6 0.60 0.56
STORY13 0.61 0.61
STORY19 0.66 0.62
STORY26 0.71 0.77
STORY33 0.91 0.81
STORY39 0.73 0.74
STORY46 0.75 0.65

PLACE7 – 0.60 0.63 –
PLACE20 – 0.55 0.76 –
PLACE27 – 0.45 0.71 –
PLACE40 – 0.55 0.62 –
PLACE47 – 0.55 0.61 –
% Variance 3.95 50.16 4.77 8.69 5.01 4.68 37.58 3.98 10.36 2.65 2.87 –
Eigenvalue 1.86 23.58 2.24 4.08 2.36 2.20 17.66 1.87 4.87 1.25 1.35 –
Alpha Rel. 0.87 0.97 0.94 0.94 0.94 0.94 0.95 0.96 0.86 0.94 0.86 –
Principal axis factoring with Oblimin rotation and Kaiser normalization.
N = 693.
Factor loadings smaller than 0.4 omitted from table.

themes. We recognized a theme as an idea specifically 
repeated multiple times during an interview or across several 
interviews or something communicated with importance. 
Some of the identified themes aligned with scales on the 
QuACS, while other themes captured additional dimensions 
of the student experience not explicitly defined on the 
QuACS. Once the team identified preliminary themes, these 

were reviewed for frequency and organized hierarchically 
to examine the interconnectedness among themes and to 
determine primary and secondary themes. Direct quotes 
from student interviews were extracted and organized to 
support the thematic analysis. This process occurred at the 
end of each implementation semester and again at the 
study’s conclusion.
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Results

Quantitative data

For the control group (Fall 2017), pretest-posttest changes 
were fairly small, positive (except for Personal Relevance), 
and statistically significant for three scales (Innovation, 
Scientific Storytelling, and Place-Based Learning) at p < 0.05. 
Differences in QuACS scores between the pretest and 
posttest for the control group ranged from d = −0.03 stan-
dard deviations for Personal Relevance to 0.21 standard 
deviations for Innovation. For each of the three experimental 
groups, pretest-posttest changes were positive and relatively 
larger than for the control group for most QuACS scales. 
For the scales of Personal Relevance and Future Intentions 
to Study Science, pretest-posttest changes were statistically 
significant for each of the three experimental groups 
(p < 0.01). For the Innovation scale, pretest-posttest changes 
were significant for the Spring 2018 group (p < 0.05) and 
for the Fall 2018 and Spring 2019 groups (p < 0.01). For the 
Scientific Storytelling scale, a significant pretest-posttest dif-
ference (p < 0.05) emerged during Spring 2018 and Spring 
2019, but not Fall 2018. Finally, a significant difference 
(p < 0.05) emerged for the Place-Based Learning scale for 
Spring 2019 only. As previously mentioned, calculations of 
these differences were accompanied by calculations of effect 
size to truly understand their significance. Across the three 
experimental groups, differences in QuACS scores between 
the pretest and posttest ranged from 0.08 standard deviations 
for Science Self-Efficacy to 0.55 standard deviations for 

Innovation. These values represent a range of small to 
medium effect sizes. Pretest-Posttest differences that were 
nonsignificant were associated with effect sizes ranging from 
only 0.08 standard deviations for Science Self-Efficacy (Fall 
2018) to 0.13 standard deviations also for Science Self-Efficacy 
(Spring 2018), which represent negligible differences that 
are educationally unimportant.

A total of 18 ANCOVAs were used to compare the con-
trol group (Fall 2017) with each of the three experimental 
groups in terms of posttest scores on each of the six QuACS 
scales while controlling for pretest scores. The last column 
of Table 5 shows that ANCOVA results were nonsignificant 
for all of the 18 cases with the one exception of the 
Innovation scale for the Spring 2019 experimental group. 
That is, although significant pretest-posttest changes were 
found for numerous QuACS scales for each of the three 
experimental groups, the ANCOVA results generally suggest 
that pretest-posttest changes experienced by the experimental 
groups were not significantly larger than those experienced 
by the control group, with one exception. The one exception 
was that, according to ANCOVA, the Spring 2019 group’s 
posttest Innovation scores were significantly superior to the 
control group’s scores when pretest scores were controlled.

The faculty participants implementing SPAN assignments 
remained consistent across the semesters. Therefore, we 
anticipated that their levels of comfort, familiarity, and over-
all knowledge of implementation of SPAN assignments 
would increase over time. Given this, we hypothesized that 
the magnitude of pretest-posttest changes in QuACS scores 

Table 5.  Pretest–posttest changes (ANOVA results and effect size) and ANCOVA results for comparison of experimental and control groups on posttest while 
controlling for pretest for QuACS scales.

Mean SD Pre–post change ANCOVA

Area Scale Group Pre Post Pre Post F Cohen’s d F
Learning environment Personal relevance Fall 2017 Control 3.76 3.74 0.79 0.85 0.16 −0.03 –

Spring 2018 Exptl 3.53 3.69 0.77 0.91 7.62** 0.20 2.64
Fall 2018 Exptl 3.62 3.80 0.70 0.80 15.68** 0.24 2.81
Spring 2019 Exptl 3.62 3.81 0.75 0.83 14.67** 0.24 2.75

Innovation Fall 2017 Control 4.00 4.14 0.67 0.69 5.15* 0.21 –
Spring 2018 Exptl 3.56 3.74 0.77 1.04 6.55* 0.20 0.21
Fall 2018 Exptl 3.75 3.94 0.69 0.76 16.48** 0.26 1.23
Spring 2019 Exptl 3.76 4.05 0.65 0.79 29.38** 0.55 4.82*

Attitudes toward science Future intentions to 
study science

Fall 2017 Control 3.07 3.15 1.16 1.17 1.51 0.07 –
Spring 2018 Exptl 2.62 2.84 1.15 1.15 9.00** 0.20 1.34
Fall 2018 Exptl 2.96 3.11 1.14 1.13 7.29** 0.13 1.12
Spring 2019 Exptl 2.77 3.06 1.02 1.06 20.34** 0.27 2.55

Science self-efficacy Fall 2017 Control 3.82 3.87 0.73 0.79 1.08 0.06 –
Spring 2018 Exptl 3.55 3.66 0.77 0.87 3.80 0.13 1.97
Fall 2018 Exptl 3.70 3.76 0.75 0.83 2.16 0.08 0.22
Spring 2019 Exptl 3.66 3.72 0.69 0.77 1.54 0.11 1.31

Scientific storytelling Fall 2017 Control 3.96 4.09 0.70 0.73 4.80* 0.18 –
Spring 2018 Exptl 3.69 3.83 0.78 0.94 4.16* 0.16 0.27
Fall 2018 Exptl 3.87 3.95 0.63 0.77 3.03 0.11 1.38
Spring 2019 Exptl 3.94 4.07 0.67 0.81 6.10* 0.24 1.32

Place-based learning Fall 2017 Control 3.70 3.84 0.70 0.81 4.49* 0.19 –
Spring 2018 Exptl 3.53 3.63 0.76 0.88 2.16 0.12 1.74
Fall 2018 Exptl 3.66 3.73 0.69 0.77 1.74 0.10 1.14
Spring 2019 Exptl 3.72 3.86 0.67 0.75 6.66* 0.28 1.24

n = 146 (Fall 2017), 141 (Spring 2018), 204 (Fall 2018), 202 (Spring 2019) *p < 0.05, **p < 0.0.
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would increase gradually over time from Fall 2017 to Spring 
2019. The ANOVA results and effect sizes in Table 5 indicate 
that pretest-posttest changes for different QuACS scales for 
different groups:

•	 ranged from −0.03 to 0.21 standard deviations; sig-
nificant for 3 scales, for the Fall 2017 control group

•	 ranged from 0.12 to 0.20 standard deviations; signif-
icant for 4 scales, for the Spring 2018 experimental 
group

•	 ranged from 0.08 to 0.26 standard deviations; sig-
nificant for 3 scales, for the Fall 2018 experimental 
group

•	 ranged from 0.11 to 0.55 standard deviations; signif-
icant for 5 scales for the Spring 2019 experimental 
group.

The above results tentatively suggest that, although 
improvement over time was slow, the Spring 2019 group 
performed better than any earlier groups in terms of 
pretest-posttest changes on the QuACS (especially for the 
scale of Innovation).

Qualitative data results

Experiencing enjoyment
As interview data were analyzed, one of the primary themes 
to emerge was enjoyment. Across interviews, students con-
sistently shared about their active engagement with the 
SPAN assignment, largely due to their finding the assign-
ment enjoyable. One student said, “I put time and effort 
into it. I think I did a little more than others because it 
was a really fun assignment.” Another student said, “When 
teachers make things fun, which I think is really difficult 
when you are in college, you want to invest time into it.” 
Interview analyses also helped us determine the specific 
aspects of students’ experiences with SPAN assignments that 
made them enjoyable. Among several interviews, students 
indicated that their ability to have significant control and 
choice in completing the assignment was of great importance 
and related to their overall enjoyment of the assignment.

For example, students frequently reflected on their ability 
to choose an area of focus, decide the style of audio nar-
rative, and control the type of product they wished to create 
to fulfill the SPAN assignment expectations. This also relates 
to the ways that SPAN functions as a descriptive pedagogical 
innovation rather than the prescriptive implementation of 
an assignment within a course. One student said, “I think 
that is what students really want, the fact that you get to 
choose something [referring to topic and product] in a 
classroom and enjoy it and make the best out of it.” Another 
student commented, “…because I chose the topic, I enjoyed 
every part of it.” In addition to control and choice, most 
students expressed that their ability to engage with height-
ened forms of creativity was also key to their enjoyment. 
Students frequently commented on the importance of being 
able to express themselves, particularly in a science class, a 
category of classes that are usually highly structured and 

do not always welcome various forms of creativity. One 
student said, “It [SPAN] really let you be creative. I think 
that really promoted the students to want to invest their 
time into the assignment.” Another student commented that, 
“You would be able to add music to it, for example, and 
your own kind of flavor to the project to make it your 
own.” Beyond their own creativity, students also commented 
on the importance of being able to see how other forms of 
creativity emerged among their peers’ assignments. As a 
result, students felt more connected to one another and 
more comfortable within the classroom space.

Experiencing increased levels of personal relevance
Analysis of interview data yielded a second prominent 
theme of personal relevance. This is aligned with the quan-
titative data, which revealed significant pretest-posttest 
differences with small effect sizes for each of the experi-
mental groups of students. Throughout all the interviews, 
students reported that the SPAN assignment enabled them 
to make deeper connections between the assignment, the 
content, and their worlds outside of the classroom. One 
student described the experience saying, “I took a science 
class before and it was really boring and I really hated it. 
I didn’t see the relevance at all with what I wanted to do 
with my education, so I kind of strayed away. After taking 
this class, I saw that it could be so much more fun with 
so much more to read and learn about.” The theme of 
personal relevance is, naturally, also deeply personal. What 
one student might consider personally relevant might not 
be the same as the connections another student makes.

Our interview analyses helped to further uncover some 
of the dimensions of personal relevance that came to light 
as a result of students’ engagement with SPAN assignments. 
First, several students discussed the unique connections 
made between the content learned as part of the curriculum 
and its importance and application in a real-world context. 
One student said, “I feel as though being able to do an 
audio [SPAN] assignment project, I enjoyed my science class 
more than if I just took a bunch of tests and quizzes. I 
actually learned something.” Second, many students identi-
fied several transferrable skills that they developed and/or 
strengthened during the process of completing their SPAN 
assignment. For example, honing research skills, finding 
ways to communicate scientific information in compelling 
and creative ways, working with audio technology, engaging 
in a robust peer review process, and learning the funda-
mentals of conducting interviews were commonly discussed 
by students. Finally, students reported feeling exceptionally 
accomplished and proud of their progress and final SPAN 
product. This sense of pride was linked to the fact that 
students took the time to engage with their work, challenge 
themselves, make personal connections to science content, 
and learn new skills along the way.

SPAN as pedagogical innovation
Analyses of student interviews uncovered one final over-
arching theme, innovation. Similar to personal relevance, 
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the theme of innovation is supported by positive changes 
in the quantitative data. Data from interviews suggest that 
students viewed SPAN assignments as a different type of 
learning tool than those utilized in a traditional science 
classroom. Students further described SPAN as a pedagog-
ical innovation because it was unlike anything they had 
previously experienced or been asked to do in order to 
learn and connect with science content. One student 
emphatically stated, “Not in one science class have I ever 
had the ability to have as much creative opportunity.” 
Another student put it simply; “There is always a bit of 
inspiration when it comes to doing new things.” These 
“new things” are part of what students frequently discussed 
when describing SPAN as innovative. Specifically, learning 
new skills (as described earlier), breaking away from tra-
ditional forms of assessment typically associated with sci-
ence courses, building an understanding of the nature of 
science, and furthering their understanding of different 
modalities for communicating scientific information, with 
a particular emphasis on the power of narrative.

Students’ critiques of SPAN assignments
As part of our qualitative data collection, we also engaged 
students to hear their critiques and perceived limitations 
of SPAN assignments. Our analyses revealed two overar-
ching critiques, namely issues with technology and, to a 
much lesser extent, content limitations. The first of these 
critiques was clustered primarily during the first semester 
of implementation of SPAN assignments. For example, 
students reported needing significant assistance in learning 
and working with the software and associated technology. 
This seemed to cause some initial frustration among stu-
dents; however, students further reported persisting 
through this learning curve and ultimately enjoying the 
assignments.

Our analyses showed that critiques surrounding tech-
nology issues dwindled in frequency with each subsequent 
semester of implementation. This suggests that early in the 
study, faculty participants had not yet fully developed their 
own technical capacities and were still learning how to 
best teach those skills to their students. Further, the 
research team reacted to this early data and began to pro-
vide faculty with more targeted assistance related to trou-
bleshooting the technology. As the study progressed, 
students’ critiques shifted from technology toward content. 
(Separately, faculty reported an increased comfort in their 
teaching of the technical skills involved.) The scope of the 
critique was primarily rooted in struggling to ensure that 
content was being relayed accurately while maintaining an 
awareness of students’ creative freedoms in communicating 
the content, as well as trying to remain focused on the 
topic under examination in order to meet assignment 
expectations, rather than trying to fit all the information 
found during the research process. Although students pre-
sented these latter ideas as critiques, we posit that these 
aspects of SPAN assignments were simultaneously respon-
sible for students perceiving heightened levels of enjoyment, 
personal relevance, and innovation.

Discussion

The data presented in this paper support our hypothesis that 
SPAN assignments would have a positive impact on students’ 
perceptions of the classroom learning environment and their 
attitudes toward science in introductory geoscience courses. 
Specifically, we saw consistent positive pretest-posttest changes 
in both learning environment scales, Personal Relevance and 
Innovation, and the attitude scale Future Intentions to Study 
Science. Effect sizes of these changes, indicating magnitude or 
educational importance, ranged from small to medium in size. 
Further, the magnitude of pretest-posttest changes in QuACS 
scores increased gradually over time from Fall 2017 to Spring 
2019. Our data suggest that, although improvement over time 
was slow, the Spring 2019 group showed greater increases than 
the earlier groups in terms of pretest-posttest changes on the 
QuACS. We believe the increase in the QuACS scales showing 
significant pretest-posttest differences as well as an increasing 
trend toward larger effect sizes later in the study demonstrates 
that as the pilot faculty improved their implementation, the 
SPAN assignments became more understandable, useful, and 
powerful. This resulted in increases in aspects of the students’ 
perceptions of the classroom learning environment and atti-
tudes toward science.

Leading up to the final semester of implementation, the 
SPAN assignments did not appear to have a significant 
influence on the Place-based Learning, Scientific Storytelling, 
and Science Self-Efficacy scales; this was to be expected. For 
example, SPAN assignments were not specifically designed 
to be used in place-based learning. Some instructors used 
placed-based assignments (e.g., “explore your local water-
shed”) while others did not. Within this study, we did not 
attempt to determine how students defined “their place” or 
“their community.” Regardless, some growth in this area 
may be expected as students found the material more per-
sonally relevant, and so there could be spillover into a sense 
of place or community. In the area of learning science 
through storytelling, the control and two of the implemen-
tation semesters are very similar, although the final semester 
of implementation did have a larger effect size. Scientific 
storytelling can be a component of any science course; 
instructors often tell stories in lecture and incorporate local 
examples, possibly causing similarities in how students inter-
preted this scale during the control semester and subsequent 
implementation semesters. In addition, SPAN assignments 
did not appear to significantly increase students’ sense of 
self-efficacy, or the extent to which students believe that 
they can be successful in science. This may be because 
students viewed the assignments as novel and “unexpected” 
in a science course, and so perhaps the connections and 
communication skills they developed seemed unrelated to 
the “work” of a scientist. This study shows that SPAN 
assignments, on their own, did not enhance these three areas.

Limitations

In pilot studies such as this the variability designed to 
explore the parameter space also creates some challenges in 
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analysis. For example in studies like this, control populations 
are extremely difficult to establish. We attempted to use the 
Fall 2017 semester to serve as a control. However, this 
approach had several challenges that make the comparison 
to other semesters difficult, and therefore impacted the rel-
evance of the ANCOVA F values. In Fall 2017, the QuACS 
survey evaluated the change in student perceptions at the 
beginning and end of courses that did not contain a SPAN 
assignment. Pilot faculty attempted to make these courses 
as similar as possible to those in which they would be 
implementing SPAN, but matching student population, spe-
cific courses, and experiences is nearly impossible. A more 
accurate control would be to have a large class, with the 
same instructor, course material, and student population, in 
which half of the students complete SPAN and half complete 
another type of assignment. This was not feasible given the 
objective to pilot the SPAN approach within a variety of 
environments, including smaller class sizes.

Variability between semesters is not just a factor of 
instructors increasing their confidence in implementing 
SPAN. Instructors often taught different courses in different 
semesters (for example, introduction to geology in the fall 
and oceanography in the spring). In this pilot study, we 
aimed to capture a diverse range of courses and implemen-
tation approaches. Our study supports widespread effective-
ness in SPAN assignments, helping students increase their 
senses of personal relevance, curricular innovation, and inten-
tions to study science in the future, but the consequence of 
these diverse environments is the corresponding increase in 
the number of variables. Therefore, we suggest that looking 
at the final two semesters together is a good average of the 
impact. In Spring 2018, the first implementation semester, 
faculty interviews and data show that pilot faculty were still 
working to establish SPAN into their courses, so the students 
likely received only partially developed assignments. By Fall 
2018 and Spring 2019, the faculty felt confident and made 
only minor adjustments to their assignments (based on 
expected variables such as changes in schedule, slightly dif-
ferent course content, variations in class size, etc.). Therefore, 
in the final two semesters, we believe that students received 
“fully developed” SPAN assignments, and the variability 
between the semesters captures the typical variability of a 
full academic year (variations in the types of courses taught 
and students enrolling in spring versus fall).

An additional limitation of this research is related to the 
low sample size of the semi-structured interviews. As noted 
earlier, we successfully conducted 9 interviews from an avail-
able sample of 54 students. Despite the small sample size, 
we assert that the data derived from the interviews is trust-
worthy, as it also aligns with and is supported by our results 
from the quantitative data analyses. For future research, we 
will strive to increase the percentage of semi-structured 
interviews completed.

Finally, a limitation is that these assignments occur within 
the context of a full course. Students are having other expe-
riences with the content and instructor. SPAN assignments, 
by design, are not curricular changes to courses. And courses, 
themselves, occur within the context of other educational 
experiences. Each course itself has some level of variability 

within a semester with regard to SPAN implementation. The 
nature of a SPAN assignment allowed each instructor control 
over their implementation of the SPAN framework. Thus, 
there was some variability in implementation. For example, 
some instructors devoted more or less time on the assign-
ment. Others provided more or less scaffolding for students. 
This variability may have some impact on the outcomes and 
subsequent effect sizes. The addition of qualitative interviews 
helps mitigate some of these limitations. In addition, the use 
of the same group of pilot faculty/institutions and course 
types helps control for some variability. We have proposed 
future work to address some of these limitations and better 
differentiate the impact of SPAN assignments.

Conclusions

Given the documented need for increased representation in 
the geosciences and the opportunities that introductory 
courses provide, it is important to make deliberate changes 
to introductory teaching with an awareness of the specific 
challenges. This requires a pedagogical shift in teaching, one 
that is flexible, in order to address the challenges, and inclu-
sive, in order to take advantage of the opportunities. We 
cannot reach new, larger, and more diverse student bodies 
with the same approaches. Collectively we must engage in 
pedagogical shifts to make deliberate change in teaching 
pedagogy. Taken in whole, SPAN assignments show great 
promise as a pedagogical tool that is low-barrier-to-entry 
and realistic for improving introductory students’ connections 
to geoscience content. Even today, many introductory-level 
courses use a lecture approach with a focus on presenting 
content and evaluating students’ ability to reorganize and 
replicate that content through tests and exams (Egger, 2019b). 
This pilot study documents that SPAN assignments can be 
successfully implemented in a wide variety of introductory 
level geoscience courses. They increase positive student per-
ceptions of their learning environment in the areas of per-
sonal relevance, curricular innovation, and future intentions 
to study science. Interviews indicate that this was related to 
the choice and creativity embedded in the design of a SPAN 
assignment. These findings stretched across a range of course 
types and institutions, indicating promise for wide-spread 
implementation in introductory-level geoscience courses.
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