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Abstract: Many instructors strive to make students more active participants in their own learning. Yet

recommended methods for this purpose, such as project-based learning or providing personalized

feedback, are impractical in larger classes or virtual classrooms. To overcome these barriers, we

designed a series of collaborative data projects to engage students even in large, online classes.

Our goal is to describe and evaluate the efficacy of these projects. The projects offer two major

benefits. First, the collective nature of the projects helps students to see how their individual efforts

contribute to a larger outcome. Second, the instructor can aggregate the student input and provide

personalized feedback using free software, thus, reducing the grading and contact burden while

simultaneously building rapport. We examine survey data from about 120 students from four

classes during Spring and Fall 2021. The students report that they tend to learn more and find

these collaborative assignments more enjoyable compared to a typical college assignment. They

also report that receiving individualized feedback increases their interest in the material and makes

them feel like the instructor is invested in their learning. We include assignment examples and

programming recommendations to help instructors adapt this collaborative engagement method for

their own courses.

Keywords: active learning; student engagement; collaborative project; rapport building; feedback

1. Introduction

Most instructors—whether in online classes, large lectures, or facing students increas-
ingly distracted by electronic devices—are interested in better engaging their students
in order to help them learn. Keeping students engaged was the number one challenge
instructors faced while teaching during the global pandemic, according to a 2020 national
survey of college faculties [1].

Yet engaging students can be difficult. Years of academic research have demonstrated
that engaging students results in learning gains and improved academic success [2,3], but
recommendations for how to engage students are often resource intensive. We know that
increased personal contact from faculty members can make a big difference for students, e.g.,
as described in [4,5], but, with class sizes growing [6,7], more faculties than ever holding
contingent status [8], and increasing demands for research and service [9,10], faculty
members often feel stretched thin. Trying to follow recommended practices for personal
connection, detailed feedback, and rapport building, among other recommendations in the
literature, can seem impossible under such circumstances.

To address these challenges, the goal of this study is to describe and evaluate the
effectiveness of a series of collaborative assignments. We designed these assignments
to engage students and foster rapport between the students and the instructor even in
large classes. We evaluate the efficacy of these assignments using student feedback in
four different college courses. These assignments sought to engage students as active
participants in data-centric research projects that were bigger than just their contributions.
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As they contributed to a larger project, they received an individualized report on their
input, providing substantive feedback, as well as a signal of each student’s value and
importance. These assignments were intended to engage students in their own learning, to
give them personal feedback, and to build high-rapport relationships with them. Survey
evidence from the courses where the assignments were used demonstrated that students
reported that they learned more and found the assignments more enjoyable compared
to a typical college assignment. The students also reported that receiving individualized
feedback about their contributions made them more interested in the material and made
them feel like the instructor was more invested in their learning. These results indicate that
the assignments succeeded at both engaging students and at building rapport.

We used R [11], a statistical software program, to aggregate the students’ data and
produce the personalized student reports, but other software applications with a merge
feature could accomplish the same goal. Different instructors will likely want to use
different software depending on their personal preference and as the most appropriate
software applications change over time. The assignment specifics and the software we used
are included in the Supporting Information (SI) so that interested instructors can borrow
what they may find useful and adapt our assignments for their own courses.

2. How to Engage Students?

The literature on engaging students in learning is incredibly extensive; for one helpful
synthesis, see [12]. For decades, instructors have known that simply lecturing at passive
students is not the best way to facilitate learning [3,13,14]. Teaching and learning journals
are filled with creative ideas for getting students to actively participate in their own learning,
many with evidence that doing so leads to better outcomes [15–17]. For instance, research
on flipped classrooms shows that students self-report improvements in learning and tend
to enjoy classroom activities over lectures [18–20]. Scholars who advocate for project-based
learning argue that it engages students’ senses in multiple ways [21], improving active
learning and even the amount of time students spend studying [22].

Others suggest that students need interactive tools to best engage during class. Some-
times these tools come in the form of response pads, clickers, or smartphones to provide
real-time feedback during the class [23,24]. However, students tend to be skeptical of these
tools because of their additional cost [25], and limited questions may mean the engagement
is somewhat superficial.

Enjoyment and engagement are often linked in literature—the more students enjoy an
assignment or learning activity, the more engaged they become [26]. Gamification literature
helps instructors think through ways to turn assignments, activities, and even discussions
into games where students earn points, compete against each other, and identify winners,
thus, increasing their enjoyment and engagement [27]. The more students enjoy classes,
the more likely they are to retain information and learn [28].

Another large body of literature examines the value of building rapport in the class-
room, which has many benefits for students, including increased engagement [29,30]. The
community of inquiry model [31], for instance, emphasizes the importance of instructor
and student presence in creating a community in the classroom. Research by Jaggars and
Xu [32] found that, when professors build rapport with their students by demonstrating
that they care about their success, students put more effort into their work for the class and
end up doing better academically (p. 280). Glazier [30] quotes a student who said, “the
professor was so involved and he made the subject fun . . . because he cared, I cared” (p. 71).
Increased engagement is just one of the benefits of high-rapport relationships between
faculty and students [33]. When students are in high-rapport classes, they are more likely
to stay enrolled, earn higher grades, and graduate [32,34].

Related to the rapport-building literature is research that specifically focuses on the
value of providing students with personalized feedback. Providing students with useful
and relevant assignment feedback improves retention and success, helps students to gauge
their standing and needed effort in the class, and can engage students more deeply in the
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material [35]. Plus, students really appreciate getting specific and helpful feedback from
professors [36–39]; they especially value feedback that is clear, personal, and positive [40].
Only about 6% of students say that receiving just the grade on an assignment is good
enough—the vast majority want more detailed feedback [41]. Most students do access the
feedback their professors’ provide [40], including electronic feedback [42], although they
do not access feedback as often when it is provided through a learning management system
(LMS) [43]. However, providing personalized feedback is often resource intensive and cost
prohibitive, especially in large classes [44].

3. A Resource-Effective Method for Engaging Students and Building Rapport

The decision of which method to pursue to engage students in learning partly comes
down to personal preference. Some instructors may be more comfortable with recording
videos and flipping their classrooms. Others may have experience with problem-based
learning and decide to stick with that. However, this decision depends not only on prefer-
ences, but also resources—both time and expertise. Giving students detailed feedback on
their essays, building personal relationships with every student in a large lecture, or writing
interactive simulations specific to the content of each course take a major investment of
time. Indeed, most of the studies on techniques that improve student engagement, such
as simulations and undergraduate research, are carried out on classes with 40 students
or fewer (Ishiyama 2013). Here, we propose a resource-effective and scalable method for
engaging students, with the added benefit of also building rapport with them. We provide
both the assignment details and software coding information in the Supporting Information
to reduce the start-up costs of implementing this method. The software code makes it
possible to provide personalized feedback to students, making them feel seen and valued in
the class. Though creating the assignment takes considerable time, once it is ready, it takes
no more time to provide a personalized report to one student than to provide personalized
reports to hundreds of students. In other words, the assignments are scalable, allowing an
instructor to provide individualized feedback to every student—even in the largest classes.
Moreover, after a project has been created, it generates timely course material each semester
automatically. Of course, instructors should reflect each semester to determine whether
any revisions could improve the assignment for future classes.

In the following sections, we describe the broad structure of the collaborative data-
based projects and provide three specific assignment examples. We then describe the data
collected from the students in four classes and present evidence of the effectiveness of the
method for improving students’ self-reported learning, enjoyment, interest, and view of
the instructor.

4. Description of the Data Projects

The possibilities for collaborative data projects are nearly endless, limited only by the
instructor’s creativity and the course content. The data projects we describe here were
used in three different courses: Media & Politics, Research Methods, and Social Influence
in Political Behavior. Although these are courses in the social sciences (political science,
specifically), collaborative data projects could be a good fit for courses in any number
of disciplines.

Since the most useful software and programs for gathering data for the projects and
generating feedback for students vary by instructor expertise and preference, and will
undoubtedly change in the future, we focus here on the general structure of the projects
rather than the resources we used to create them. For those who are interested, we discuss
the resources we find most helpful in our own workflow in SI-3.

Though the details vary, such projects generally proceed in three steps:

1. Gather Data: Students enter data, which may represent responses to survey questions,
attempted solutions to problems, or results from activities conducted outside of the
classroom. The students submit their data through an online form, such as a Google
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Form, or a website set up by the instructor. By collecting and entering data, the
students contribute to a broader project in which the entire class is participating;

2. Aggregate Results: The instructor analyzes and summarizes the data entered by the
students. These data then serve as the basis for a class discussion or video lecture.
The instructor can use the data to illustrate important course concepts and refer back
to the project throughout the class. Because the course material draws on students’
contributions, it is more likely to seem personally relevant to students [45], and the
students should feel more qualified to contribute to discussion, share their experiences,
and recognize sources of confusion;

3. Provide Personalized Reports: The instructor sends a personalized report to each
student, comparing an individual student’s data to class-wide summary statistics.
These reports help students to see how their own experiences align or diverge from
other students in the class. Since the reports are generated programmatically, they
can be easily personalized for each student. This personalization can be as simple as
addressing the student by their first name, which can build rapport and connection. It
matters to students that their professors know their names; it makes them feel valued
and seen when they do [46], and when students feel like the instructor knows and
cares about them, they are more likely to put more effort into their work for the class.
The personalization can also be more targeted or conditional. For instance, in classes
with objectively correct solutions to prompts, the reports can provide each student
with feedback about what they did well and where they need additional practice.

We typically grade these assignments on a pass/fail basis, giving full credit to all
students who follow the instructions. This grading scheme allows us to use the projects as
a low-stakes opportunity for students to engage with the material and receive feedback.
Alternatively, instructors can grade based on the amount of work performed or, for classes
with objectively correct answers, the accuracy of the data the students enter. Even when
grading on a pass/fail basis, we provide partial credit when students follow some, but not
all, of the instructions. For an example, see the instructions in SI 2.1.2.

5. Examples

This framework can provide students with first-hand experience across a wide range
of topics. We discuss four examples we used in our own classes. For more information
about each assignment, see the Supporting Information, which includes the full survey
batteries (SI-1) and instructions (SI-2) for each example.

5.1. Media & Politics

The Ads Project is designed to illuminate the assigned book, “In Defense of Negativity”
(Geer 2006), which examines the content of televised political campaign ads. For the project,
the three steps above feature the following details:

1. Gather Data: While reading the book, students use a modified version of Geer’s
codebook to analyze the content of political ads from recent campaigns. Geer argues
that negative ads (those attacking the opponent) are more useful for voters than
positive ads (those promoting the focal candidate) because they focus more on policy
and provide more evidence for their claims. In their analysis, students evaluate
these claims using advertisements drawn from a recent presidential election. In the
most recent version of the project, students are randomly assigned 15 advertisements
from the most recent presidential election (selected from those archived at http:
//www.livingroomcandidate.org, accessed on 16 November 2022). The random
assignment provides a large number of students with the opportunity to evaluate
each advertisement without overloading the students with too much repetitive work.
For each advertisement they examine, the students rate attention to policy, amount of
evidence provided, and other features of the ad;

2. Aggregate Results: After entering their data, the students and instructor spend a
class period discussing the results and comparing what the class found, on average,

http://www.livingroomcandidate.org
http://www.livingroomcandidate.org
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to what Geer found in his original analysis. The aggregated results act as a spring-
board to discuss the strengths and limitations of Geer’s study, how US politics has
changed since the book was released, and how Geer’s theory might be extended to
accommodate those changes;

3. Provide Personalized Reports: Each student receives a report comparing their ratings
to the rest of the class. Figure 1 shows an example of a plot included in one student’s
report. The plot allows the student to compare their average rating to the class’s
averages. Similar plots are included in the report, showing how enjoyable and
informative they rated the ads to be.

springboard to discuss the strengths and limitations of Geer’s study, how US politics 
has changed since the book was released, and how Geer’s theory might be extended 

student’s report. The plot allows the student to compare their average rating to the 
class’s averages. Similar p

 

. The bars represent the class’s 

(promoting the focal candidate). The dots represent the student’s personal average.

Figure 1. A plot included in a personalized report from the Ads Project. The bars represent the class’s
average rating of the advertisements attention to (A) personal characteristics and (B) policy. The
averages are broken down by whether the ads were negative (attacking the opponent) or positive
(promoting the focal candidate). The dots represent the student’s personal average.

In addition to the Ads Project, the Media & Politics students also conducted a similar
News Project.

5.2. News Project

1. Gather Data: On four consecutive days, students read three articles from two different
news sites, entering information about the content of each article. Students select
their two sources from a pre-determined list of options to ensure that each source
receives enough students to provide useful source-level averages. Students choose
the three most prominent news articles at each source based on their own judgement.
For details, see the instructions in SI 2.1.2;

2. Aggregate Results: By combining many students together, we can compare the
average perception students had about articles at different news sources. For instance,
we can examine which sources students perceived to be the most informative or which
sources exhibited the greatest liberal bias and the greatest conservative bias. We can
also examine article-level relationships such as the correlation between article length
and perceived ideological bias;

3. Provide Personalized Reports: The personalized reports allow a student to compare
how they perceived a source to how other students in the class perceived the same
source. For example, Figure 2 shows a plot from one student’s personalized report.
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The student receiving the report can see that they tend to rate both NPR and Fox
News as more informative than did their peers. They may use this information to
reflect on whether they have different standards than their peers regarding how much
information an article should contain, or they may consider the possibility that students
examined different articles on different days, and, thus, the news cycle’s fluctuations
might account for the differences in perception. These and other possibilities can
then serve as fodder for subsequent class discussion. For students who choose to
disclose their partisan identity, the reports break down how the student compares to
other students who share their partisan identity and how they compare to students
who support the opposing party. This exercise provides students with first-hand
experience of course concepts, such as the hostile media effect, which reflects people’s
tendency to perceive the news media as biased against their own views [47]. By
comparing perceptions of bias for each outlet and each party, the reports offer an
objective evaluation of the class’s tendency to exhibit this effect and offer each student
the ability to examine their own biases.

source. For example, Figure 2 shows a plot from one student’s personalized report. 

the news cycle’s 

which reflects people’s tendency to perceive the news media as biased against their 

reports offer an objective evaluation of the class’s tendenc

student in the class. The student’s 

Figure 2. A plot included in a personalized report from the News Project. The plot shows the rating of
each news source, averaged over all articles examined by every student in the class. The student’s
own ratings are highlighted for comparison.

5.3. Social Influence

This class examines the interdependence of human behavior and, therefore, relies
heavily on terms from social network analysis. Since these terms are often new to students,
the Network Analysis Project is intended to help students see how the course concepts apply
to their daily lives:

1. Gather Data: Students enter data about who they interact with in different social
contexts. These contexts include the last people they spoke with, those they would
seek to borrow a large sum of money from, and those who they would seek for career
advice. See SI 1.2.5-8 for the full set of survey items;

2. Aggregate Results: The instructor combines the data to show the “typical” social
networks the students are embedded in. With these real-world networks, the instruc-
tor can provide relevant examples of network analysis concepts such as centrality,
transitivity, and community detection. As the semester progresses, the data can be
used to introduce new concepts;
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3. Provide Personalized Reports: The report shows how each member of the student’s
social network compares in terms of their network centrality (see Figure 3). Likewise,
the report shows how each student’s social network to the networks of the other
students in the class based on various network properties such as the tendency to
interact with others who are similar in age, education, political preferences, or other
traits. Thus, the student receiving the personalized report containing Figure 3 can
see not only data on their own networks, but also that their network is more racially
and ethnically diverse than anyone else’s in the class, while being significantly more
homogenous in terms of age than the networks of others in the class.

The instructor combines the data to show the “typical” social 

The report shows how each member of the student’s 

e report shows how each student’s social network to the networks of 

’s

 

While any single student’s sample mean may be far from the 
population mean, the average of the class’s sample means will be close to the true

—

Figure 3. A plot included in a personalized report from the Network Analysis Project. Each line
represents one student from the class. The thicker line represents the student who received the report.

5.4. Research Methods

Following Dyck and Gee [48], we used M&Ms to teach students about samples,
populations, and statistical inference:

1. Gather Data: Students obtain one or more bags of M&Ms, calculate a sample statistic,
such as the proportion of orange M&Ms, and calculate a confidence interval for each
sample statistic;

2. Aggregate Results: While any single student’s sample mean may be far from the
population mean, the average of the class’s sample means will be close to the true
population mean. Moreover, a plot of all sample means will increasingly resemble
the normal distribution as additional sample means are added. The aggregate results
(see Figure 4) give students first-hand experience with the central limit theorem—
a concept that is so abstract that students often struggle to understand it, yet so
important that virtually all of the subsequent class material depends on it. The
aggregated results provide a means to demonstrate the empirical rule, which suggests
that roughly 68% of all sample statistics should fall within one standard error of
the population parameter and 95% of all sample statistics should fall within two
standard errors. This demonstration helps students to understand why the formula
for a 95% confidence interval of the mean works and what it means to say we have
95% confidence about an estimate;

3. Provide Personalized Reports: In addition to showing where a student’s sample
statistics falls within the sampling distribution, the reports can also provide a check
on the student’s calculations. Using the data the student entered, the report describes
described each step required to calculate a confidence interval and highlights any
steps where the student’s own calculations went off track. The personalized report
containing Figure 4 not only allows the student to see their contribution to the broader
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class data project of calculating the proportion of orange M&Ms, but it also provides
them with a concrete example—that they contributed to—which will help them to
remember these important statistical concepts throughout the semester and beyond.

In addition to showing where a student’s sample 

on the student’s calculations. Using the data the student entered, the report describes 

steps where the student’s own calculations went off track. The personalized report 

— —

 

’
the right, the student’s contributions to the sampling distribution are 

To evaluate students’ reactions to the data projects, we gathered data from the 2021 

Figure 4. A page from a Research Methods student’s report after the M&M project. In the plot on the
right, the student’s contributions to the sampling distribution are highlighted in yellow.

6. Materials and Methods

To evaluate students’ reactions to the data projects, we gathered data from the 2021
Spring and Fall semesters of the classes mentioned above. Since the Media & Politics
course was offered in both Spring and Fall, we have data from a total of four classes. All
classes were upper-division undergraduate political science classes taught at the same large
southern research university. The first two courses, Media & Politics and Social Influence in
Political Behavior, were both electives. The third course, Research Methods, was required
for all political science majors. The spring 2021 semester of the Media & Politics class
was taught in a flex format which included online asynchronous lectures and one weekly
in-person meeting. The fall 2021 semester of the course was taught as a standard, in-person
class with meetings twice a week. Likewise, the Social Influence class was also an in-person
upper-division class from Fall 2021. The Research Methods class came from Spring 2021. It
was entirely online, asynchronous, and co-taught with another instructor. The data were
drawn only from Pietryka’s section. Each class included the data projects described above.
In addition, the Research Methods course included four other data projects that followed a
similar structure but focused on other concepts.

We used two distinct datasets in our analysis. First, we gathered data while the Media
& Politics students completed their data projects, embedding questions at the end of the
surveys that students used to enter their data. Second, we added custom questions to the
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course evaluations that students completed at the end of the semester. We included these
custom questions for all classes except the spring semester of Media & Politics.

Each dataset offers distinct advantages. The first dataset is more immediate and offers
a higher response rate—virtually all students (n = 69) responded to these questions even
though they could opt out of these items with no penalty. Since they were gathered during
the data-entry stage of the assignments, however, these evaluations do not reflect students’
reactions to the subsequent discussions and personalized reports based on the aggregated
data. The end-of-semester evaluations are more holistic—reflecting all portions of the
assignments in relation to the rest of the course material. Yet, the response rates to the end-
of-semester evaluations tended to be lower, with roughly half of the students responding
in each class, some of whom opted out of sharing their evaluations with instructors. The
usable response rate to any item in the evaluations was 36% in the Media class (n = 14), 36%
in the Social Influence class (n = 14), and 40% in the Research Methods class (n = 37). In
terms of demographics, in the self-reported student evaluation data, 25% of the students
were seniors, 40% were juniors, 29% were sophomores, and 5% were first years. Students
tended to report high grade point averages (GPA), with 63% reporting a 3.5 average or
better on the standard 4-point scale; 22% reported a GPA from 3 to 3.49, and the rest
reported a GPA between 2 and 2.99.

7. Results

7.1. Analysis of Dataset 1: Collected from Students while Completing the Projects

In both semesters of the Media & Politics class, we included this prompt after both the
Ads Project and the News Project:

“Compared to other college assignments you have completed that take similar amounts
of time, how would you rate this assignment in terms of . . .

• how much you learned from the assignment;
• how much you enjoyed the assignment.”

Each of these items measured a different facet of student engagement. As Figure 5
shows, 72% of students reported that they learned more from the Ads Project than a typical
college assignment, and 84% reported that they enjoyed it more than a typical assignment.
We see a similar pattern for the News Project, with large majorities finding it both educational
and enjoyable. For each project, the rating of student enjoyment was greater on average than
the rating of student learning, although research suggests that the two are related—when
students enjoy a project or assignment, they are more likely to learn from it [49].

7.2. Analysis of Dataset 2: End-of-Semester Evaluations

We next turn to our second dataset, which came from the end-of-semester evaluations.
In each class, we asked students to rank the data projects on two dimensions relative to the
other assessment methods in the class:

• “Which set of assessments in this class did you find most enjoyable to complete? For
this question, please focus only on how much you enjoyed completing the assessments,
not how much you learned from them”;

• “Which set of assessments in this class did you find most informative to complete?
For this question, please focus only on how much you learned from completing the
assessments, not how much you enjoyed them”.

These questions were intended to measure the same facets of engagement we examined
in the first dataset. In the Media & Politics class and the Social Influence class, students had
four options: the exams, quizzes, writing, or data projects. The Research Methods items
omitted the writing option since no writing assessments were required in that class.
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Figure 6 plots students’ responses to those questions. In the Media & Politics class, 

Figure 5. Comparing the data projects to assessments from other classes.

Figure 6 plots students’ responses to those questions. In the Media & Politics class,
79% found the data projects to be the most enjoyable assessments, and 21% found them
to be the most informative. Likewise, 73% of the Research Methods class found the data
projects to be the most enjoyable, and 35% found them the most informative. In the Social
Influence class, which included only one relevant assignment, only 47% found the data
project to be the most enjoyable, and none found it to be the most informative.
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For comparison’s sake, on average, students chose the exams as the most informative 

 

included an additional battery about students’ perceptions of the personalized reports 

Figure 6. Ranking the assessment methods in each class. Note: the Research Methods class did not
require writing assignments.

For comparison’s sake, on average, students chose the exams as the most informative
assessment in both the Media & Politics class and the Social Influence class. In both classes,
the exams required brief essays that encouraged the students to synthesize the material
from throughout the semester. Students were given opportunities to revise and resubmit.
Thus, the exams were intended not just as assessments, but also as incentives for students
to engage with the material on a deeper level than they otherwise would. In contrast,
the Research Methods exams were standardized across instructors and followed a more
traditional format that included mostly multiple-choice and short-answer questions. In all
three classes, the quizzes were also typically multiple-choice questions.
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Since the Research Methods class relied so heavily on collaborative data projects, we
included an additional battery about students’ perceptions of the personalized reports that
summarized their results and compared them to the rest of the class. The prompt asked:

“After most assignments, the instructor emailed you a report with personalized results
based on the data you entered. What did you think of these reports? (Check all that
apply): The reports made me feel more interested in the material; The reports made me feel
like the instructors were more invested in my learning; I did not notice the reports were
personalized to me; I did not find the reports useful.”

As shown in Figure 7, the personalized reports tended to make students feel like the
instructors were invested in their learning (85% agreement) and increased students’ interest
in the material (63% agreement). Thus, the reports seemed to build rapport between the
instructor and students and engage the students in the material. Only two students stated
that they did not find the reports useful, and only one did not notice that the reports
were personalized.

“

.”

and increased students’ 

 
Figure 7. Perceived effects of the personalized results from the data projects.

8. Discussion

To summarize the results from both datasets, most students found the data projects
more engaging than typical college assessments. The data projects were particularly useful
for helping students enjoy the material and feel connected to the instructor. Though many
students found the data projects informative, this benefit was less common than enjoyment
or connection. While completing the data projects in the Media & Politics class, students
found them to be more informative and more enjoyable than typical college assignments
(Figure 5). After the semester, most students in the Media & Politics class and Research
Methods class reported these projects to be more enjoyable than the other class assessments,
and about half did so in the Social Influence class (Figure 6). Though less than a majority,
many students also found these projects to be the most informative in the Media & Politics
class and Research Methods classes, though none did in the Social Influence class. The
Research Methods evaluations indicated that these assignments helped many students
engage with the material and feel more connected to the instructor (Figure 7). The literature
indicates that participating in research is a high-impact practice that can have long-lasting
positive implications for students (Ishiyama and Breuning 2003). Contributing to these
in-class data projects can introduce students to research in a supportive environment where
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research and math anxiety may be less likely to be triggered (Papanastasiou and Zembylas
2008, Leiter 2022).

The results support the efficacy of the data projects, but, before instructors implement
them in their own classrooms, they should consider the limitations of our data and several
common barriers that can impede their implementation. We address each below and offer
suggestions to ease implementation.

The data used in this analysis were limited in scope, because they came from a single
instructor during a single calendar year at a single university. Therefore, we could not
examine how the student responses might vary in other settings. Nonetheless, the classes
did vary considerably in size, format, and content, as discussed above. The effective number
of responses was also limited because, unlike a national survey, the observations were not
independent from one another—one student’s experience was likely to influence other
students in the class. Finally, the analysis relied on students’ self-reported learning rather
than objective measures of student learning. Yet self-reported learning is still an essential
element of students’ college experience, and our interests focus not only on learning, but
also student interest and student–instructor rapport—two outcomes for which self-reports
are intrinsically relevant.

To attain the benefits we found in our analysis, instructors must also overcome several
common barriers. The largest barrier we encountered was the initial time the instructor
must take to design the survey, perform the initial analysis, and generate the reports.
Once these tasks are completed, they are easily repeatable, but, for a new project, signif-
icant time must be spent writing clear survey questions, carrying out data analysis, and
communicating the conclusions effectively.

To ease implementation, we recommend keeping the first project simple and refining
the materials each semester as needed. Since most of the work is finished during the
first semester the project is used, instructors will have more time to hone the materials
in subsequent semesters. For instance, the data-entry interface may be as simple as a
spreadsheet for the first semester. The next semester, the instructor can invest additional
time creating a web interface, which students tend to find more compelling—or less
intimidating—than a spreadsheet. A web interface can also discourage common errors
with automated validation checks. For example, in the Media & Politics News Project,
students had to examine articles on four different days so they could see the change and
continuity in news content. Yet, every semester, at least one student tried to collect all four
days’ worth of data on a single day. When aggregating the data, the R code automatically
identified these attempted submissions and emailed the student to request that they re-
submit the assignment after gathering data on four separate days.

For many projects, the surveys require no prior training, but some projects will also
benefit if students receive additional instruction before they enter data. In the Media
& Politics class, the aggregated results offered greater reliability and validity when stu-
dents received guided practice prior to their official data entry. This training required
additional time for preparation, but also offered students deeper involvement with the
research methods.

Though smaller classes can benefit from these methods, they often become more
informative in larger classes. In the Research Methods class, for example, the larger the class,
the more obviously the aggregated results reflected the central limit theorem. Likewise, in
smaller classes, instructors may need to make greater efforts to ensure the anonymity of each
student in the aggregated results and personalized reports. For instance, we did not provide
students with a partisan breakdown of the Media & Politics course in Spring 2021 because
only a handful of the 21 students self-identified as Republican. This challenge can be
overcome by combining the current class with data from previous semesters. The usefulness
of this approach for large classes is a real comparative advantage. Most engagement
and rapport-building measures require a significant investment of personal time by the
instructor and/or teaching assistants, making them difficult to apply to large classes (e.g.,
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Gordon et al. 2009). On the contrary, our approach works even better in larger classes, with
no additional effort on the part of the instructor.

9. Conclusions

Most instructors want to engage students more fully in learning course concepts. We
proposed collaborative data projects as one resource-effective way to engage students
while also building rapport. Our data showed that, by inviting students into a collabo-
rative project—where they can see their contribution as one part of a whole—and giving
them individualized feedback on that contribution, instructors found that students were
more engaged in the class, enjoyed the material more, and felt like their learning mat-
tered to the instructor. In such an environment, students are more likely to learn and be
successful [32,50].

Additionally, the process of facilitating student collaboration and providing personal-
ized feedback was simplified through using R, a software program that collects and merges
student data. Other programs will work for the same procedures, and, undoubtably, new
ones will emerge in the future. We include both the specific R packages and the details of the
procedures we used in the Supplemental Information. Furthermore, because the student
inputs and subsequent analyses are unique based on the data students gather, the kinds of
assignments we proposed make cheating less likely and reduce the administrative burden
that otherwise exists due to changing questions each semester to discourage cheating.

Although the collaborative data projects we discussed here were from the social sci-
ences, many fields could employ projects based on the same principles. Biology instructors
could assign students to collect data samples from trees, insects, or pond water outside
of class. English instructors could assign students to identify themes in a set of poems.
Business instructors could assign students to view marketing materials from different
companies and evaluate them based on criteria relevant to the course. The specific content
of the collaborative data project can vary depending on the learning goals of the course.
The key elements to the approach we suggest here are that: 1. the students are contributing
to a collaborative project; and 2. the students receive personalized feedback about their
contributions. The data we collected show that, with these two elements, students are more
interested and engaged in the material and have greater rapport with the instructor.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/educsci12120897/s1, Section S1.1: Items used in this analysis;
Section S1.2: Survey batteries for each assignment; Section S2: Instructions for students; Section S3:
Resources [11].
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