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Abstract

In this evidence-based practice paper, we present our experiences with different scaffolding
techniques to improve student engagement in active learning classes. Scaffolding of course
content enables learners to achieve the expected course learning outcomes smoothly from lower
to higher challenge levels. Also, in active learning classes with an emphasis on group activities,
the activities can be scaffolded in different ways to promote a higher level of engagement and
provide more diversity in students’ learning process. Since students in large activity-based active
learning classes (ABAL) complete the assigned activities at different times and in different places,
the collaborative work may not become as effective anymore. This phenomenon of falling behind
in collaborative learning and team-based activities are observable through late and missing
submissions, in which, both are consequential to student performance. In this paper, we present
our Introductory Computer Science (CS1) course model, particularly highlighting the process of
group work and collaborative learning. Next, we introduce a novel multidimensional scaffolding
methodology focused on the following dimensions: (1) chunking by difficulty, (2) chunking by
time, (3) chunking by focus, and (4) chunking by collaboration. This approach focuses on refining
instructor-to-student mediums through diversifying activities, balancing the challenge levels,
including pre-class and post-class assignments, and chunking instruction time. Our approach
rethinks scaffolding by incorporating the teaching strategy of think-pair-share as a scaffolding
technique to guide learners through student-to-student learning mediums as well. To assess the
effectiveness of our approach, we report on various student engagement metrics, including
on-time, late, and missing submissions. Our multi-semester findings indicate a significant increase
in student on-time submissions and a substantial decrease in overall missing submissions.

1 Introduction

The use of active learning methodologies has been growing considerably in recent times [1].
Active learning is a method of teaching and learning that strives to involve students more directly
in the learning process, as “students participate when they are doing something besides passively
listening” [2]. Active learning enables students to engage in different tasks such as reading,
writing, and discussing while performing “higher-order” thinking (e.g., evaluating, analyzing, and
synthesizing) [2], socializing, and reflecting on their problem-solving experiences in small
groups [3]. Prince overviewed some various active learning approaches, including problem-based



learning (PBL) and collaborative and cooperative learning, along with a study of the effectiveness
of such techniques [4]. In this work, the core of each of the above models is defined. Based on the
evidence reviewed, collaborative and cooperative learning are promoted with the emphasis on
individual accountability. In other words, it has been recommended to practice a mixture of
individual exercises and not only team-based ones in order to encourage students to be
responsible for their own learning as well. One major challenge in active learning courses is to
choose and design these activities in a way to enhance student understanding. An essential
component of this design process is to include scaffolding, as noted by Ge et al [5].

Scaffolding is the process of providing students with a smooth learning pathway towards intended
course goals through manageable steps [6]. Scaffolding is done by guiding learners through their
zone of proximal development defined by Lev Vygotsky, a Russian teacher and psychologist, as
“the distance between the actual developmental level as determined by independent problem
solving and the level of potential development as determined through problem-solving under
guidance, or in collaboration with more capable peers” [7].

This guidance can be done in various ways, hence a multidimensional aspect of scaffolding. By
multidimensional, we mean mix and matching diverse methods of activities and various
configurations of similar forms of activity. We call each one of these a dimension, which will be
explained in detail in later sections as our contribution. Students’ late work is, in a way, a
symptom of negative experiences. Therefore, we explore measures regarding late work to try to
show whether or not these scaffolding techniques are improving experiences.

In the next section, we review related work on (1) scaffolding in education, and (2) the effects of
late work on students’ learning experiences. In section 3, we then describe our course and define
some of the key types of activities. In section 4, we review the various dimensions of scaffolding
and how we implement each one in our course. In section 5, we assess the effectiveness of our
scaffolding methods over the course of three different semesters. Finally, in section 6, we
conclude with our overall experiences in scaffolding the CS1 active learning class, provide some
final recommendations, and also discuss some limitations.

2 Related Work

2.1 Scaffolding in Education

Scaffolding was first introduced by Wood [6] as the process of allowing a learner to achieve a
goal through guided efforts. According to Pol, while the concept of scaffolding has received
considerable attention in education research, there is no consensus about its definition [8].
However, the majority of researchers have agreed that scaffolding is about providing “dynamic
intervention finely tuned to the learner’s ongoing progress” and “construed as support” for
students “when performing a task that the student might otherwise not be able to
accomplish” [8].

Moreover, the amount and type of support need to be regulated as an individual learner assumes
more responsibility for learning. One of the critical characteristics of scaffolding is the process of
slowly shifting the learning responsibility to the students over time [8]. Referring to the difference
between what a student can and cannot do without support, the common objective of scaffolding



is to help students eventually become independent of assistance. This assistance is gradually
“faded” as responsibility for learning is transferred to the student at some point during the
learning process [8].

2.1.1 Scaffolding Techniques

One of the pedagogic scaffolding systems in CS education, especially programming courses, is
achieved through well-timed prompts and feedback during students’ coding processes from a
peer, tutor, or an automated system. In one study, researchers suggest a system called “Test My
Code” (TMC) to collect data from students’ coding processes and to provide built-in scaffolding
messages during their work. These messages were designed to help students achieve the
programming goal, which was not easily attainable by themselves [9].

As an alternative for automated scaffolding tools, in another study, the researchers scaffold the
code tracing skills in novice programmers by using a sketching approach. In this study, they have
the student simulate the computer’s memory table by tracing code blocks line by line while
thinking aloud about the outcome and sketching them. The authors believe this method helps
novices to apply their learned syntactic and semantic knowledge through an external
representation of the memory. They theorize that this method can be considered as a scaffolding
approach because it reduces the load from students’ working memory by making the program
state visible. They ran the experiment on 21 students in the CS1 college level. Their study shows
that the students who did systematic code tracing by thinking aloud the sketching had a 15%
higher performance [10].

In a series of work by Fitzgerald, et al., the authors reported on various successful scaffolding
techniques to help diverse groups of students with a wide range of abilities and needs to learn. In
particular, they developed a framework known as scaffolded reading experiences (SRE) to support
English language learners with the complexities of reading in a new language in several essential
ways. The proposed framework slices up the learning goals into manageable tasks through a set
of pre, during, and post-reading activities (using diverse forms of reading materials) to break
down a complex reading task into smaller chunks. This framework also eases the cognitive
demands on the English language learner by structuring them in distinct stages [11].

Designing tasks into manageable chunks was also discussed by Wood, who first introduced the
term “scaffolding” [6]. It is the instructor’s goal to “control” the tasks that are beyond the
learner’s capacity so that the learner can concentrate on only the parts that are within their range
of competence. It may be worth mentioning that our course model [12] and activity/exam design
approach [13] promoted different models of scaffolding inline with the aforementioned reviewed
literature on scaffolding in education.

2.1.2 Scaffolding in the Social Learning Context

Scaffolding can also be highly relevant to collaborative learning, as it can be an instructor or peer
who guides the learner through the “Zone of Proximal Development” (ZPD) [14], or proper
challenge levels for the individual’s most effective learning. On top of this, Stone observed a
fascinating attribute of learning inspired by ZPD theory stating that learning first takes place on a
social level before an individual level [15]. This idea describes a paradigm shift in learning



theories over the past several decades. Less often are learners perceived as individuals who go
solitarily through the cognitive process [16]. Instead, there is a new emphasis on the social
experience that the individual learners acquire and apply.

The recent socio-cultural theory defines learning as a socially engaging experiment in a
community of practice [17]. This theory highlights the importance of collaboration in active
learning where we observe the learners as a group of students who interact, question, and assist
each other toward a common learning goal rather than a collection of single individuals [16]. The
socio-cultural theory of learning explains the concept of the Zone of Proximal Development
(ZPD), which differentiates the level of independent performance of the individual and the
performance level achieved after the instructional guidance (scaffolding) of experts or peers [16].
Dixon-Krauss also states that “from a Vygotskian perspective, the teacher’s role is mediating the
child’s learning activity as they share knowledge through social interaction” [18]. These theories
also support the idea of collaborative learning, further suggesting that by having groups with
diverse skillsets, members can help guide each other through their own ZPDs.

2.2 Effects of Late Work on Students’ Experiences

Despite multiple interventions, many educators are still facing the attrition and late submission
issues present in introductory programming courses [19]. Numerous studies have been conducted
relating to students’ late submissions in programming courses [19, 20].

Fenwick et al. findings show that students who start working later on the assignments have lower
scores compared to their peers who start earlier [21]. A possible reason for this could be that the
students who start work earlier on the assignments have more time to seek help from other
resources [19]. In another study [22], researchers studied the submission behavior of 1,900
students. The result of their research shows that student’s performance at the end of the course is
linked to their submission patterns earlier in the semester. Moreover, the findings show that
students who submit their first assignment late are more likely to develop a late submission
pattern in the following years [20]. This highlights the importance of helping students develop
time management skills in introductory CS courses to prevent low performance in future years.
Edwards et al. further emphasize the importance of assisting students in developing these skills
and investigating various interventions aimed at helping students end procrastination [23].

In another study, the researchers claim that, since it is a challenge to get access to logs of all data
related to students, especially in large classes, there is a need to have a metric that helps in
identifying poor-performing students in earlier stages of the course [22]. They identified a
measure of at-risk students based on their timeliness in earlier submissions in the course [22].
Their study on submission patterns of over 220,000 records determines that students’ submission
patterns in earlier stages are a reliable measure to identify at-risk students. In introductory-level
CS courses, it is highly essential to identify and help at-risk students earlier in the semester before
it leads to drop out and failure issues. The problem of late submission behavior calls for methods
to help students overcome this challenge and to apply interventions that improve students’ time
management skills and their performance as a result of that.

The other side of late submission problems could be task complexity. There should be a delicate
balance between the activity challenge level and the required time to submit the assignment. This



Table 1: Background Information

Fall Fall Fall
2016 2017 2018

Activity Pre-class 0 14 15
Breakdown In-class 20 36 48

Total Activities 20 50 63
Total Students 99 113 105

balance is especially important early on in courses when students are struggling to learn new
concepts. Scaffolding methods are a way to alleviate these problems. Educators have applied
diverse methods of scaffolding in CS to help students have a smooth progression through the
course. In the following, we describe what scaffolding is and how it is defined in a social context,
and present several scaffolding tools that researchers applied in introductory CS courses.

3 Introducing Our Course

The experiences described in this section are from our introductory programming course (CS1),
which follows the activity-based active learning model since the Fall 2016 semester, and has been
evolving since then [12, 24]. In the analysis section, we specifically use the semesters of Fall
2016, Fall 2017, and Fall 2018 as the majority of the class population were traditional
first-semester freshmen. As noted in Table 1, we had a total of 99 students in Fall 2016, 113
students in Fall 2017, and 105 students in Fall 2018. We also had 20 activities in Fall 2016 before
scaffolding, 50 activities in Fall 2017, and 63 Activities in Fall 2018.

Our CS1 collaborative active learning course model follows Kolb’s iterative learning style [25]
model. In the iterations, the students complete preparation work before attending the class, work
on activities in groups during the class, and then answer more advanced problems as individual
homework after class. In this class, all activities have due dates. If students submit the activity
within a few days after the due date, they would get a late penalty but can submit their work as a
late submission. After that time frame, students will not be able to submit their work and their
work will be considered as a missed submission.

Learning is a complex phenomenon, and there are many different psychological theories to
explain the mechanisms of learning. Lev Vygotsky proposed one of the very first learning
theories through socialization [14]. He argued that learning occurs through interactions and
communications with others, and further examined the impact of social environments in the
learning process. Consequently, he proposed that a learning environment needs to promote and
maximize collaboration, peer instruction, and social learning through discussion, collaboration,
and feedback. Furthermore, Bandura proposed a social learning theory arguing that people can
learn new information and behaviors through socializing [26]. This theory guides educators to
recognize how important it is to practice proper models of study skills and teamwork in the
classroom to construct self-efficacy of the learners.

Social learning can be implemented in different ways, however, the main notion of that is about
learning through interactions of the learners. The common model of instructor-learner social



learning is complemented by the learner(s)-learner(s) interactive learning which is promoted in
team-based activity-based active learning.

There are many methods and techniques in social learning which could be considered scaffolding
since they provide a step-wise approach toward engaging every member into constructive social
learning. One of these methods is known as the think-pair-share method [27, 28]. This method
scaffolds social learning into steps. First, it attempts to bring all group members into the same
level of awareness regarding a problem. This step is known as the think step, in which everyone
would ponder about the issue. During the pair step, the learners would discuss the
problem/solution in pairs, which is the smallest unit in social learning and is easy to form and
manage. For the next level, learners would discuss as a larger group to exchange ideas and
conceptualize the activity goal through socializing in a larger group. We observed that without
this scaffolding process, some students never engage themselves in larger group
discussions.

In this section, we discuss the different types of activities in our course including: (1) Active
Readings, (2) Video Quizzes, (3) In-Class Group Activities, (4) Personal Response System (PRS)
Quizzes, and (5) Scratch-off quizzes. Numbers of activities per semester are shown in table 1.
Active Readings and Video Quizzes are both types of pre-class work while the rest are in-class
work.

3.1 Active Readings

Prior to class, students are assigned Active Readings which consist of a series of questions
associated with a given reading. In our class, we used Canvas Quizzes to create these assignments
and specified the textbook’s page numbers to be read along with it.

3.2 Video Quizzes

Video quizzes are another type of pre-class work in which students are tasked with watching
several short videos (with a length of about eight minutes max) throughout the course. Every one
to two minutes, there is a stopping point to make sure students take a moment to think about the
critical concepts of what they just saw. At each of these stopping points, the students are given a
question related to a crucial topic or a concept the video had just demonstrated. If the answer is
incorrect, they need to repeat the video and answer the question again until they get the correct
response. Almost all essential topics in the course are touched on using these video quizzes,
especially areas that have been historically challenging for students (such as binary numbers and
conversions, methods, and arrays).

3.3 In-Class Group Activities

During the class, students are assigned a variety of in-class activities. In these activities, students
work in small assigned groups on a variety of tasks including: Flowchart, code completion, code
snippet debugging, answering MCQs (Multiple Choice Questions), writing pseudocode, and/or
programming from scratch using Java.



3.4 Personal Response System (PRS)

Personal Response Systems, PRS for short, are increasingly being adopted within higher
education over the last six years [29]. One major benefit for PRS is that students have an
opportunity for continuous and formative feedback rather than periodic summative feedback in
the form of tests and assignments [29]. There are various implementations of PRS such as
Kahoot! which can be gamified to engage students through pre-made or impromptu quizzes,
discussions, and surveys [30]. In our course we use Kahoot! for formative assessment in class and
as a way to pace students in the class. These quizzes are composed of multiple-choice questions
and students are tasked with answering each of the questions within a selected timeframe
(20,30,60, or 90 seconds). The instructor often encourages students to discuss the questions prior
to answering them. Students submit their answers using their personal devices (mobile phone or
laptops).

3.5 Scratch-Off Quizzes

Scratch-Off quizzes are multiple-choice quizzes where students submit their answers on
scratch-off cards. Students complete the scratch-off quiz individually at first, and then discuss
their solutions with their groups to select a final answer. Lastly, students scratch off their chosen
answer. If it is correct, a star will appear on the card, providing students with immediate
feedback. Students get full points if they get the star from the first attempt. Students are also
allowed to attempt multiple times for 60%/40%/10% of the possible points accordingly.

4 Multidimensional Scaffolding in Action

In our systematic practice of active learning since 2016, we have experienced many challenges
with designing the course model and activities to promote the best possible learning experiences
for students. During this time, we were able to see how students were impacted differently based
on each of the various active learning techniques we experimented with. This process of
continuous development has led us to the course model for introductory programming which was
later expanded to undergraduate software engineering courses [12, 31].

Sustained student engagement was one major challenge in the active learning course design. As
we explained in our course model [12], we found that we could only achieve consistent
engagement with an aligned set of scaffolded activities. The final course model [12] provided
students the opportunity to engage with the course content in small chunks before, during, and
after the class.

Throughout our iterative design process we have made several observations regarding patterns in
student performance, the first being that of consistent late and missed submissions for various
students. Students who had a higher number of late and missed submissions, on average,
demonstrated lower performance in the course. Furthermore, we have also observed that students
were often concerned with high complexity, inconsistent challenge level of activities, and not
having enough time to complete the activities during the class. Some possible reasons for these
common problems are a lack of time management skills (such as procrastination), study skills, or
soft skills.



Figure 1: The various dimensions of scaffolding.

We argue that one goal of active learning, especially in introductory courses, should be helping
our students develop these proper skills. We hoped that our scaffolding methods would help to
accomplish this by ultimately enhancing students’ soft skills and decreasing the occurrences of
late and missed submissions. Therefore, we decided to use this indicator as our primary metric to
measure the improvement of our multidimensional scaffolding techniques.

We have broken down our scaffolding techniques into various dimensions as shown in Figure 1:
(1) balancing the challenge levels of activities (“chunking by difficult”), (2) breaking activities
down into manageable chunks (“chunking by time”), (3) providing a diverse array of activities
(“chunking by focus”), and (4) providing a more effective social learning environment (“chunking
by collaboration”). In this section, we will discuss these various dimensions of scaffolding in our
course model, along with examples of how we applied them.

4.1 Balancing the Challenge Level

As discussed, scaffolding is the process of assisting a learner to achieve a goal through guided
efforts. Through scaffolding, a learner is guided through their zone of proximal development,
which is a level that is challenging enough to push the learner forward, but not so difficult that
they cannot progress without the help of another (such as an instructor, tutor, or peer). In other
words, a very large part of scaffolding is to understand where the learner’s proper challenge levels
are and to design course activities with that in mind. This idea is illustrated in figure 2. As shown
the learner being guided through their zone of proximal development. It is through these
continuous steps where growth occurs.

To help progress students through proper challenge levels at each step of the way, we developed
an algorithm to assess challenge levels of the tests [13] and expanded that to apply to all the
activities of our course model. The challenge determination is done based on cognitive domain of



Figure 2: Learner’s growth via guided steps through own zone of proximal development

Bloom’s Taxonomy (BT) and modified Bloom’s Taxonomy for computer science [13]. Based on
our course model, the students (1) complete preparation work before attending the class (called
pre-labs or pre-work in general), (2) work on both group and individual activities during class
(called in-class work), and then (3) complete more advanced problems as individual homework
after class (called post-labs or post-work in general) [12].

Scaffolds require the teachers “controlling those elements of the task that are initially beyond the
learner’s capability, thus permitting him to concentrate upon and complete only those elements
that are within his range of competence” [6]. Therefore, we make sure that each step, the pre-,
in-class, and post-work, builds off of each other in terms of material and difficulty. The pre-work
is necessary to provide students the foundational knowledge of the topic so that groups can work
efficiently for the in-class work and ask the instructor, teaching assistants, or other peers questions
about any confusion from the pre-work. Some examples of the pre-work given include:

• Active Readings, where we ask students to read specific sections of the textbook and answer
questions (mostly multiple choice or fill in the blank);

• Video Quizzes, where students watch a video describing a given concept with questions
included throughout the video; and

• Pre Labs, where students are given very basic programming exercises in preparation for
their lab.

Most of these exercises focus on the remember and understand levels of Bloom’s Taxonomy. Pre
Labs may also reach the apply level, but this usually occurs after at least one iteration of lecture
(including the other types of pre work).



Not only do we implement this balancing of levels throughout the overall course model by having
these iterations from easier to harder difficulties (pre work being the easiest, and post work being
the most challenging), but we must also pay attention to the challenge levels within each step. For
example, within the in-class work, the activities themselves must be scaffolded as well. We may
have the following activities in one class session:

1. Kahoot!, where we ask students questions relating to their pre-work and falling within the
remember and understand levels of BT, allowing them to also consult with their group
members; then

2. A group activity, where teams of four students work together on answering questions (e.g.,
filling in snippets of code, explaining an algorithm from the reading, or developing a
flowchart for a given problem) that may fall more within the understand, apply, and analyze
levels of BT; and finally

3. A scratch-off quiz, where students must first work on their own on a wider range of
questions relating to the material covered in the pre-work and in-class work leading up to
this point, and then review again in their groups.

Once again, attention must be paid to the challenge levels of the activities and the individual
problems within each activity.

It is also noted that with scaffolding, the amount of support given for a particular subject is slowly
reduced as it becomes unnecessary [6]. This is seen in the above example where by the end of
class, students are practicing what they have learned individually. This idea is also applied in the
post-work, as it is another individual assignment to both provide the students with more practice,
challenge them to solve similar problems without the aid of peers, and to assess their
understanding before moving on to the next module.

4.2 Breaking Activities Down into Manageable Chunks

Another one of the guidelines for scaffolding instruction discussed by Silver was to “break a task
into small, more manageable tasks with opportunities for intermittent feedback” [32]. As
mentioned previously, we had observed many students feeling overwhelmed with the amount of
course material and being unable to finish in-class activities on time. We believed that by
breaking tasks down into smaller chunks, we could decrease that overwhelming feeling and also
help students build their time management skills. By having smaller, more specific goals, it is
easier to identify and focus on what needs to be done next. Studies have also shown a direct
correlation between goal specificity and level of performance, further showing the effectiveness
of this approach [33]. This can be included in numerous ways, as discussed in the following
subsections.

4.2.1 Pre-, In-Class, and Post-Work

The pre-, in-class, and post-work described in the above section is one such method to help break
tasks down into smaller pieces. Not only does this help prepare students for the next section, but it
provides instructors and TA’s to provide feedback before moving on to the next activity or
topic.



Figure 3: This is an example of a checkpoint provided within one of the lab documents.

4.2.2 Checkpoints within Activities

In the next step, we broke down the long class activities into smaller parts by adding checkpoints.
For example, in lab documents, we added a specific checkpoint image with the estimated time it
would take to get to this next point, as shown in figure 3.

We hoped that by adding checkpoints: (1) students could use these to pace themselves throughout
the entire class, and (2) the instructors would have stopping points to check the students’ progress
and pause the class, if needed, for additional instruction (e.g., answering questions or giving
demos of a solution). By presenting students with these checkpoints, we thought we could help
raise their awareness of the time and their progress throughout the activity, once again, to help
them pace themselves. Another goal of these checkpoints, especially in our active learning
classroom, was to help keep the whole class on the same track. Having the time limit associated
per section allows us to enforce the timely completion of different types of activities so that it is
possible to switch effectively. Furthermore, by giving the instructor these openings to check on
the whole class, they are then able to adapt to the students’ needs and hopefully keep everyone on
the same page. When designing these checkpoints, it is extremely important to take the students’
current knowledge into account to create proper and realistic time limits. This is something we
have evolved over time based on testing and timing the activities ourselves, observing the students
in the class, and listening to their feedback.

4.2.3 Kahoot!

Kahoot! is a gamified Personal Response System [30] which we believed could serve a similar
purpose to the checkpoints in between activities. We incorporated these throughout the class to
help provide stopping points to assess students’ understandings of the completed activities, to
provide low-stake practice problems, and to measure the effectiveness of our activity and
checkpoint break-ups.

There was a significant performance gap between the lab tests, which were practical
programming exams, and the lecture tests, which were more theoretical and based on core



concepts. The averages were 77.46% for lab tests and 64.81% for lecture tests in the Spring 2017
semester. In hopes of reducing this performance gap, we designed a series of Kahoot! quizzes to
provide students with constant and consistent feedback and practice in between activities. With a
more consistent assessment of the learners’ knowledge and experiences, we are better able to
determine and meet the students’ learning needs.

4.3 Diversifying Activities

Through student surveys and class observations, the instruction team noted that students lost
focus over the semester due to the repetitive delivery method of course content. Furthermore, a
plateau in student learning was seen after a few weeks into the semester, given a lack of diverse
activities. In this case, scaffolding, through diversifying activities, helps to smoothen the flow of
learning by chunking attention spans on new and refreshing tasks. We refer to this scaffolding
process as chunking by focus.

Throughout the course, we expose students to a mixture of activities: (1) active reading
assignments, (2) in-class activities, (3) Kahoot! quizzes, and (4) scratch-off quizzes. Active
readings serve as pre-work, as mentioned in section 3, to prepare students for completing in-class
activities by enhancing their foundational knowledge, especially the remembering and
understanding levels of Bloom’s Taxonomy (BT) [34, 35] for relevant concepts. Next, we have a
range of in-class activities where students follow guided instructions and discuss with peers in
their small groups. During each of these in-class activities, students perform at least one of the
following tasks: code completion, code snippet debugging, answering multiple-choice questions,
writing pseudocode, and drawing flowcharts. Each of these tasks falls under different BT’s
categories, demands the use of different skills, and requires students to pay attention to new and
different concepts. By diversifying the in-class tasks, students are less likely to feel the work is
repetitive, enhancing their attention overall. Third, we include Kahoot! quizzes, as described in
section 3, where students discuss with their groups and answer questions individually. Kahoot!
quizzes serve as post-work (as mentioned in section 4.1) and for pacing the class (as mentioned in
section 4.2). Using Kahoot! quizzes in between in-class activity checkpoints helped students
switch their attention to a new task and also get quizzed on a fresh concept they just learned in the
activity. Lastly, we use scratch-off quizzes, where students complete a quiz individually at first
and then discuss final answers with their groups. After group discussions, students then submit
their answers on scratch-off cards. These quizzes were offered only one time before each test.
The scratch-off quizzes served as another method for test preparation and reduced Kahoot!
redundancy, enhancing overall student attention.

In this section, we explored the scaffolding technique of diversifying activities aiming to create
manageable student attention spans by providing a variety of learning experiences. We expose
students to over four different types of activities, each with various tasks, cognitive demands, and
learning outcomes. After using this diversification process in the class, the instruction team
observed that students were more prepared for the course, refreshed, focused, and lastly, students
were able to work, guide, and learn from each other, enhancing the environment for
collaboration.



4.4 Scaffolding Social Learning

Students in our classroom come from various cultures and backgrounds, have different skill sets,
and communicate differently. These factors play a part in creating differing levels of soft skills,
such as communication and teamwork, making it a challenge to construct an environment that
promotes collaboration. In our course, we do not want to simply assign students into groups and
expect them to learn and socialize in a productive manner. Instead, we believe in the importance
of creating an appropriate environment for disciplined collaboration through guidance and
chunking.

Scaffolding seems to focus on content delivery from instructors to students. We wanted to rethink
scaffolding and implement a way to guide learner-to-learner interactions as well. To do so, we
assign students into groups to promote social construction of knowledge while also focusing on
individual assessments of learning rather than assigning a group grade. In this case, we aim to use
scaffolding to smoothen the collaboration flow, chunk discussions and group sizes, and ensure
that students work together efficiently by teaching and learning from each other using the
think-pair-share model. We refer to this scaffolding process as chunking by collaboration.

To provide a more effective social learning environment, we arrange students into teams of 4 to 5
students. Students are guided through the in-class activities to perform think-pair-share. While
performing think-pair-share, students would individually read and complete a portion of the
activity, then pair up with another person in their group (if the group size is odd with another
two), then, the pairs are instructed to discuss with the bigger group. This way, we believe social
interactions are chunked into individually thinking about the content, sharing with one person to
practice communication, and then discussing in a larger group. Furthermore, students have more
resources to get help from their peers after undergoing the think-pair-share process [27, 28]. After
rethinking and implementing think-pair-share as a scaffolding methodology, the instruction team
observed decreased student help requests during the class period because students seemed to be
more independent and capable of resolving questions and issues within their groups. This
observation was compared to when the class arranged students into larger groups (groups of 8-10)
and did not use think-pair-share.

5 Analysis

In this section, we analyze various student engagement measurements before and after
implementing the scaffolding interventions mentioned in section 4. The data was collected from
the Canvas Learning Management System (LMS) for a CS1 course offered by the same instructor.
Next, the data is de-identified. This data was collected over Fall 2016 (before scaffolding), Fall
2017 (during scaffolding), and Fall 2018 (after fully implementing the scaffolding techniques
described). We compare engagement metric aggregates of time spent on the course page, page
views, on-time, late, and missed submission ratios (out of total possible submissions) using the
mean, median, and standard deviation across the semesters in table 2.

Furthermore, we illustrated the histograms of the three different submissions. The histograms
shown in figure 4 illustrate the ratio of on-time submissions before and after scaffolding. Fall
2016 denotes the term before scaffolding, and Fall 2018 denotes the term after scaffolding. In



Table 2: Descriptive Statistics of Student Engagement Metrics

Fall Fall Fall
2016 2017 2018

On-time Mean 0.67 0.86 0.84
submissions Median 0.71 0.9 0.9

STDEV 0.20 0.14 0.18
Late Mean 0.09 0.09 0.08

submissions Median 0.10 0.06 0.05
STDEV 0.07 0.08 0.06

Missed Mean 0.24 0.06 0.08
submissions Median 0.19 0.02 0.03

STDEV 0.22 0.11 0.14
Time Spent On Mean 28:08:48 51:06:38 48:05:51

Course Page Median 24:15:32 44:28:18 43:44:21
STDEV 23:26:34 27:44:37 22:51:28

LMS Course Mean 470.21 728.12 887.7
Page Views Median 457 660 796

STDEV 200.53 351.87 494.76

these histograms, the vertical axis shows the number of students, and the horizontal axis shows
the ratio of on-time submissions in figure 4 and missed submissions in figure 5 based on the total
number of submissions in each class. We notice a big shift towards the right, indicating increased
on-time submissions after scaffolding (Fall 2018) compared to before scaffolding (Fall 2016).
The histograms of missed submission rates of Fall 2016 and Fall 2018 are presented below in
figures 5a and 5b respectively.

(a) Before Scaffolding (b) After Scaffolding

Figure 4: Histogram of on-time submission ratios before and after scaffolding

When comparing the histograms in figure 5, the histogram shifts to the left, indicating a sharp
decrease in missing submissions after scaffolding. We also observe that over 70% of students had
missed less than 10% of all submissions after scaffolding (Fall 2018).

For in-depth analysis, we performed a test of the hypothesis (t-test) as well as Cohen’s effect size.



(a) Before Scaffolding (b) After Scaffolding

Figure 5: Histogram of missing submission ratios before and after scaffolding

As the first step, we conducted Levene’s Test on our dataset, and the requirements for
homogeneity were met. Later, we conducted a two-sample t-test to determine the change
significance before scaffolding (Fall 2016) and after scaffolding (Fall 2018), as demonstrated in
table 3. The null hypothesis is that there is no significant difference between the populations of
Fall 2016 and Fall 2018 in terms of the engagement metrics: time spent on the course page,
student course page views, on-time, late, and missed submissions. Next, we perform a one-tailed
test. We compute the t-test and p-value, and significance for each of these metrics. We report
statistically significant results amongst all engagement metrics and reject the null
hypothesis.

After applying multidimensional scaffolding in Fall 2018, students missed fewer submissions
overall even though the number of activities almost tripled from 20 to 63. It is also important to
note that this increase in activities is primarily due to the scaffolding techniques applied, such as
breaking activities down into smaller chunks. We also report significant increases in page views
and time spent on the course page. This increase can likely be attributed to the rise in activities
and required submissions for the class. For example, by breaking activities down into smaller
chunks, students may then need to access the course page more frequently. This frequency can be
seen as a benefit since students will have more repetition with the material. Lastly, on-time
submissions increased significantly, perhaps due to enforcing in-class checkpoints, as mentioned
in section 4.3. To measure performance significance, we measured normalized exam grades and
have found no significance and did not reject the null hypothesis.

In the analysis of our experiments, the hypothesis test of significance (and our case, the t-test)
may not always provide a generalizable (from sample to population) and interpretable,
quantitative description of the size of an effect. For this reason, the effect size is used in parallel
to the t-test. Studies have shown that effect size provides a more robust measure compared to
statistical significance in the analysis of experiments since it describes the size of the observed
effect independent of the possibly misleading influences of sample size [36]. To further showcase
the effect of our scaffolding intervention on the engagement metrics of on-time, late and missed
submissions, we calculated Cohen’s d effect size based on the following equation [37]:

d =
x̄1 − x̄2

s
, (1)



Table 3: Significance of Engagement

Metric Mean Dif t df Sig.
(1-tailed)

On-time
Submissions -0.175 -6.463 202 <.00001

Missed
Submissions 0.159 6.123 202 <.00001

Late
Submissions 0.018 1.895 202 0.03

Time Spent on
Course Page
(In Seconds)

-71823.3 -6.154 202 <.00001

LMS Course
Page Views -417.483 -7.812 202 <.00001

where d is the normalized distance between the means of the two populations [38]; x̄1 denotes the
mean value of late, missed or on-time ratios for all students of the control group; x̄2 denotes the
mean for the same engagement metrics for the treatment group; and s denotes the pooled standard
deviation for both groups. Cohen suggested that the d values of 0.8, 0.5, and 0.2 would represent
large, medium, and small effect sizes [37].

Table 4: Submission pattern effect size (d) by semester

Semester
On-Time
Submissions
Cohen’s D

Missed
Submissions
Cohen’s D

Late
Submissions
Cohen’s D

Fall 2016 vs Fall 2017
(Impact of 1st scaffolding) 1.39 1.0 0.08

Fall 2017 vs Fall 2018
(Impact of chunking
by collaboration)

0.4 0.2 0.15

Fall 2016 vs Fall 2018
(Impact of overall approach) 0.84 0.78 0.25

We calculated the effect sizes of the three parameters of late, missed, and on-time submissions for
Fall 2016, Fall 2017, and Fall 2018 in three different scenarios, as shown in table 4.

The first scenario is shown in the first row of table 4, where Fall 2016 represents the control group
and Fall 2017 as the treatment focusing on the impact of the first scaffolding attempt. Analysis of
these effect sizes reveals that the first level scaffolding has mostly impacted the on-time and
missed submission rates in such a way that we are observing more on-time and less missed
submissions in Fall 2017 compared to Fall 2016. However, the late submission rate does not
suggest significant change across the two semesters. The same result is also observed in the third
row of table 4, where overall scaffolding impacted mostly the on-time and missed submissions
and did not show a large effect on the late submissions. The analysis of the impact of “chunking



by collaboration” between Fall 2017 and Fall 2018 shows only a medium effect size for on-time
submissions.

6 Summary, Recommendations and Limitations

Scaffolding is a process that guides learners towards course goals through manageable chunks or
steps. In this paper, we introduced our multidimensional scaffolding methodology for a CS1
course through what we called “chunking”. By chunking, we strive to create a series of related
and manageable activities to give students a smooth learning experience. Our methodology
proposes four dimensions of scaffolding: (1) chunking by difficulty, (2) chunking by time, (3)
chunking by focus, and (4) chunking by collaboration. We determine the effectiveness of our
approach and assess whether it improves student engagement by measuring on-time, late, missing
submission ratios, time spent on the course, and course page views. We report on statistically
significant differences across all engagement measurements between a semester with no
scaffolding (Fall 2016) and a semester with the proposed scaffolding approach fully implemented
(Fall 2018). Based on our evidence-based practice in CS1, we recommend the following
scaffolding practices:

• balancing and scaling up the challenge level of activities and questions within activities
(chunking by difficulty),

• reducing activity size to take less than an hour; breaking down activities by using
checkpoints (chunking by time),

• using short PRS quizzes in between activity checkpoints to help with class pacing and
providing feedback,

• diversifying activity types in a session (chunking by focus), and

• using think-pair-share to guide learner individual and social learning through discussions
(chunking by collaboration).

6.1 Limitations

One significant limitation of this paper is the fact that all the data has been collected from only
one course and one instructor over several semesters. Therefore, these results may not be
generalizable to other situations and under different circumstances. For example, course page
views and time spent seem to be suitable engagement measures only for courses that heavily
utilize Learning Management Systems (LMS). On the other hand, the submission time is also
impacted by the way LMS is used in the course. It is also important to note that, for example, we
did use the LMS more in Fall 2017 and Fall 2018 compared to Fall 2016 because students had to
complete more activities on the LMS as opposed to outside of it (e.g., using an IDE, Google
Docs, etc.). Such variation in the utilization of LMS probably skewed the metrics of page views
and time spent on course between Fall 2016 and the other reported semesters. Also, these metrics
may include different situations, such as idle time, where students may have loaded the course
page and were inactive for a while.
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