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Just like physical skills, cognitive skills grow rusty over time unless they are regularly used and practiced.
This means that school breaks can have quite negative consequences on student learning. The Keeping in
School Shape (KiSS) program is an engaging, innovative and cost-effective intervention that uses push
technology to help students maintain proficiency over breaks from school, while also promoting a growth
mindset. Theoretically, the KiSS program draws on the well-documented benefits of retrieval practice — the
notion that recalling previously material is a very effective way of maintaining cognitive performance. The
KiSS program embodies retrieval practice by sending students a multiple-choice mathematics question
daily via text messaging or email. A positive mindset regarding the benefits of effort is promoted through
feedback messages that encourage program resource use, such as choosing to view a hint and retry a
problem instead of giving up. This paper reports on a few aspects of the implementation of the KiSS
program at a large university during the summer break for students enrolled in an engineering introductory
calculus course sequence.
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INTRODUCTION

Many Science, Technology, Engineering, and Mathematics (STEM) topics require proficiency in
previously learned skills and concepts. Introductory STEM course sequences mimic this structure so that
foundation courses feed into subsequent closely-related courses. Students finish the foundation course with
skills and confidence that are critical to their success in the target course. However, this growth can erode
in the time between the courses, especially if there is a prolonged gap of academic engagement (e.g.,
summer slide) (Cooper et al. 1996), or if the way they absorbed the information wasn’t conducive to
retention (e.g., stress-induced intentional forgetting) (Ramirez et al., 2017). In order to address this loss of
proficiency, many faculty, departments, and institutions of higher education would like to see students
engage with course content outside of class and during academic breaks. Regrettably, this is not likely to
happen spontaneously, so the issue is how to reach students and prompt them, in a non-threatening way, to
stay connected with the things that they have learned and need to maintain for future learning. One way of
doing this is to post reminders or information in a location that students are unlikely to miss, namely on
their mobile phones, through an installed app or an external source. These unsolicited notifications are
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referred to as “pushes” because, given permission from the user, they are sent to and automatically appear
on a user’s phone or device.

Pushes are perhaps most commonly associated with mobile apps that are installed on a smartphone, and
there are numerous apps that use push technology in an effort to retain users (Huang et al., 2010). Research
on pushes connected to mobile apps shows that they can be a successful means of reaching and grabbing
the attention of users (Pham et al., 2016) and reminding students to access course materials on a regular
basis (Kallookaran & Robra-Bissantz, 1017). However, pushes can be employed outside of the context of
mobile apps; text messages can also be conceptualized as pushes that have the added benefit of being less
time-consuming and expensive to develop. Text messaging has been successfully used to push tips for
literacy skills to elementary school parents (Kraft & Monti-Nussbaum, 2017), motivational messages to
middle school students (Kraft & Dougherty, 2013), and even entire courses to high school and college
students (loffe, 2019). Because push-based tools have such great potential to get students’ attention and
prompt certain behavior, they are a promising method for implementing theories of learning. In particular,
push tools can be a way to engage students in retrieval practice outside of class by delivering opportunities
for students to check and see if they remember a particular skill or concept (Roediger & Butler, 2011).
Then, in the context of these knowledge checks, feedback messages can serve as valuable opportunities to
instill a positive mindset to meet the needs of all students (Dweck, 2007; 2008).

This paper presents an engaging, innovative and cost-effective program that uses push technology to
help students maintain proficiency over breaks from school, while also promoting a growth mindset.
Theoretically, the Keeping in School Shape (KiSS) program draws on the well-documented benefits of
retrieval practice — the notion that recalling previously material is a very effective way of maintaining
cognitive performance. The KiSS program embodies retrieval practice by sending students a multiple-
choice mathematics question daily via text messaging (or email). The problems are chosen specifically to
be skills that are requisite for success in the course following the break from school.

Retrieval practice delivered daily via push notifications is consistent with the growth mindset metaphor
of the brain as a muscle that grows stronger with exercise (Yeager et al., 2019). Many students approach
their studies convinced that intelligence is fixed, so those who have to put forth effort lack natural talent
and the ability to succeed (Dweck, 2006). This failure to believe that, through effort, the brain can grow
stronger negatively affects achievement (Boaler, 2013), especially for more underrepresented groups
(Aronson et al., 2002; Blackwell et al., 2007). When students engage in retrieval practice by testing
themselves regularly to see if they can perform a previously learned skill or concept using a program that
encourages them to fix their mistakes and challenge themselves, they are essentially flexing and toning their
“brain muscle” and keeping it from atrophying with disuse. The design of the KiSS program further
promotes a growth mindset by including features such as hints, the option to attempt more challenging
problems, and feedback messages that praise and encourage effort.

METHODOLOGY

This paper reports on select results from an implementation of the KiSS program at a large university
in the Southwest over summer break for students who were planning on taking the second course in an
Introductory Calculus Course sequence for engineers in the following fall semester. Collected data included
participation amounts and patterns, confidence ratings, accuracy, and use of program resources. In addition,
students who participated in the program provided feedback through a survey. In this paper, we report on
some select aspects of participation, accuracy, and resultant use of program resources, such as accessing a
hint, electing to do a more challenging problem, and viewing the solution.

The KiSS Program

For convenience and accessibility, KiSS daily review problems are pushed to students as links in text
messages. Figure 1 shows a diagram of what students enrolled in the KiSS program see. Clicking on the
link takes students directly to the daily question that is housed in Qualtrics, an online survey platform.
Before attempting the review problem, they first use a S5-point scale (ranging from “not at all” to “Super
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Duper”) to show how confident they are that they can answer it. Informal labels and emojis for the ratings
are designed to make this self-assessment less threatening.

After that, as shown in Figure 2, students respond to the question by selecting one of the answer options,
which opens up a sequence of possible choices that shape their daily interactive experience. Figure 3 depicts
the possibilities that stem from getting the daily problem incorrect (getting a hint and trying again — which
is encouraged, seeing the solution, or exiting). Students who get the daily problem correct have the option
of doing a related more challenging problem (encouraged), seeing the solution, or exiting.
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FIGURE 3
OPTIONS AFTER GETTING THE DAILY PROBLEM INCORRECT
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Participants and Data

Because of the pandemic, recruiting efforts were restricted to email notifications. Following the end of
the spring semester, students at a major university in the Southwest who were enrolled in the second course
in an Introductory Calculus Course sequence for engineers in the following fall semester were invited via
email to participate in the KiSS program over the summer. Students who responded by texting a self-
selected code name were enrolled in the program and received a daily (with the exception of national
holidays) problem for 82 days. Each day, the following data was logged for each participant: time and
duration of participation, confidence rating, answer choice, and options selected within the daily activity.

RESULTS

Participation

Because we do not know how many students saw the email invitation, we cannot calculate an exact
participation rate. However, 79% of the 155 students who responded with a self-selected code name
completed at least one problem in the program. Figure 4 shows the number of students who participated
each day. The shaded bands represent weeks, with Saturdays and Sundays at the right of each band. As
seen, participation was highest during the first week of the program and then decreased slightly over time.
Perhaps not surprisingly, participation on weekends, especially on Saturdays, was generally lower than on
other days of the week.

On average, students completed 41% of the total problems, with a median participation of 32%. Figure
5 shows the number of students who different amounts of the total problems. As can be seen, completion
of less than 15% and more than 76% of the problems were the most common amounts of participation. In
essence, students were either avid participants who answered many, if not all, of the problems, or tepid
participants who only tried a few of the problems.
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FIGURE 4
NUMBER OF PARTICIPANTS BY DAY
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FIGURE 5
PERCENTAGE OF PROBLEMS COMPLETED BY NUMBER OF STUDENTS
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Accuracy and Resource Use
Figure 6 shows the resources used by students after solving the daily problem. About half of the time,

when students got the problem correct, they elected to do a related more challenging problem. In addition,
many of the students who did not opt for the challenge viewed the solution which often contained references
to where the daily problem fit into the second course curriculum. However, approximately 25% of the time,
students exited the program for the day after getting the daily problem correct. The majority of students
who got the daily problem incorrect chose to view a hint and retry the problem. Almost all of those who
did not choose this option, chose to view the solution instead of simply exiting for the day. Thus, getting
the daily review problem incorrect prompted students to engage further with program, either by attempting
the problem a second time or by viewing the solution.
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FIGURE 6
PERCENTAGE OF STUDENTS AND RESOURCE OPTIONS
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CONCLUSIONS

This paper discusses only a very few facets of how push technology can be used to engage students in
maintaining proficiency over breaks from formal instruction. First, given that students would otherwise not
be testing themselves daily, the amount of participation is quite promising and could presumably be
increased with more sophisticated and targeted marketing efforts. Also, the KiSS program appeared to be
successful at supporting a growth mindset. Many students challenged themselves, instead of just playing it
safe after getting the initial problem of the day correct, and students who did not get the daily problem
correct made use of the hints and solutions, instead of just giving up. Since we did not measure mindset at
the onset of the program, we cannot say which students already had growth mindsets. However, student
activity was consistent with the prompts in the program favoring challenges and hints over alternative
options. Since this implementation, the KiSS program has been expanded substantially to include many
more features, such as hints for challenge problems, days on which additional similar problems are
available, and weekly trivia days on which students can answer a mathematics trivia question in addition
to, or instead of, the daily problem. Clearly, more research is needed to see how students engage with these
features and to explore the ways in which the KiSS Program can shift and strengthen students’ mindsets so
that they recognize how putting forth effort can improve their ability to succeed in calculus.

While push-based tools are an efficient and effective way of connecting with students, it is not known
how to design them to best meet the needs of all students. Reaching students, especially those that are
vulnerable, and helping them feel connected to their instructors and to their studies in a normal and
predictable fashion is especially critical in light of unexpected disruptions, such as the recent pandemic,
when students are overcome with feelings of alienation, uncertainty, and anxiety (Dziech, 2020). Therefore,
this line of research on the use of push technology to deliver regular review opportunities outside of class,
while simultaneously framing a positive mindset, is particularly timely and warrants further attention and
exploration.
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