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ABSTRACT

Maximizing student retention of, and ability to apply, technical

material in introductory information technology courses is a com-

plex task, especially with respect to the general student population.

This population struggles with the application of programming

concepts in the time-constrained testing environment. Our study

considers the implementation of daily quizzes in a core-curriculum

information technology and programming course as a means to

improve student concept retention and application. Between the

first and second exams, the instructors implemented a series of

high-frequency, no-risk quizzes. Of the four sections of the course

that each instructor taught, two sections each were provided with

the quizzes as the experimental group and two remained with the

standard curriculum as the control. The results demonstrate the

benefits of frequent, effortful recall on student performance in a

core-curriculum information technology and programming course.
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1 INTRODUCTION

Recent literature demonstrates the necessity for the introduction of

information technology (IT) curriculum earlier in the formative edu-

cational years of a student’s development. Our institution mandates

all graduates pass an introduction to computing and information

technology course, defined as a Computer Science 0 (CS0) course

This paper is authored by an employee(s) of the United States Government and is in
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source.
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in [1]. In addition, students not enrolled in IT-related programs are

required to take a Data Science 0 (DS0) course; the previous version

is described in [11]. These requirements ensure all graduates un-

derstand basic IT and DS theory and applications. The CS0 course

is taken in the first year and the DS0 course in the third year of a

four year program. The DS0 course focuses on data science core

principles while the CS0 course covers a more traditional set of

IT topics, such as: programming, networking, cybersecurity, and

cyber ethics [19].

In 2018, the Institute for Electrical and Electronics Engineers

(IEEE) Spectrum designated Python the top programming language

[5]. Our CS0 course utilized Jython Environment for Students (JES),

a simplified version of Python, as its programming language [10].

Many of our students are exposed to programming for the first time

in CS0 and have difficulty designing, implementing, and testing

a programming solution on midterm and final exams. This neces-

sitates an additional concept reinforcement technique to increase

student performance on significant graded events and maximize

long-term retention and skill.

This paper proposes and assesses the impact of high-frequency,

no-risk quizzes on graded event performance in our CS0 course.

The course consists of 40 lessons, approximately half of which are

focused on introductory programming concepts and their applica-

tion. As the course progressed through the semester, these concepts

increased in complexity. In previous semesters of instruction, we

observed a significant decrease in student performance from the

first programming exam to the second programming exam. While

this is not unusual, we noticed students struggled to apply concepts

learned in the first block when combined with more advanced pro-

gramming topics from the second block. The decrease in overall

exam score prompted us to explore means to improve retention

and integration of programming topics from the first block into

subsequent concepts taught later in the course. The goal was to

increase student retention and ultimate performance on the second

and third exams.

Because of the nature of our CS0 course, we were required to

stay within the bounds of the schedule and graded event template.

We therefore assigned a short, ungraded quiz at the beginning

of each lesson. Following each quiz, students were required to

justify and explain their answers to a partner. This allowed each

student to receive immediate, peer-led feedback. We conducted

multiple statistical tests to assess whether our approach reduced

the historical drop in performance between the first and second

exams. We provided these additional ungraded quizzes to half of

the observed sections to establish a control and an experimental
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subset of students. While the results do not provide a clear effect of

the quizzes across the entire experimental group, there is a clear

effect for certain subsets of students. The number of students who

performed much worse (defined later in Table 3) on the second

exam relative to the first exam decreased by just over 50% for those

belonging to the experimental group. On the other hand, students

who performed much better increased by 100%. We can therefore

claim that we found łaž method to improve the fluid intelligence of

students in a core, introductory information technology course.

The remainder of this paper is organized as follows: Section 2

discusses key definitions and related work, Section 3 describes our

approach, Section 4 and Section 5 documents how we evaluated

and assessed our results, and Section 6 concludes the study and

provides a direction for future work.

2 DEFINITIONS AND RELATEDWORK

Much of the research and experiments related to retrieval-based

learning and effortful recall is naturally in the context of Psychol-

ogy courses. While we found a few loosely related experiments

in technical subjects, the vast majority came from educators in

Psychology related topics. They are still relevant to our work as

the mechanics and objectives are largely identical.

2.1 Definitions

Effortful recall is used interchangeably with retrieval-based learn-

ing in much of the literature. The popular pedagogical book Make

It Stick notes effortful recall requires "that you ‘reload’ or recon-

struct the components of the skill or material anew from long-term

memory rather than mindlessly repeating them from short-term

memory [4]. Chapter two of the same text defines examples when

łno-riskž quizzes were used. The primary benefit was that student

stress was slightly reduced, potentially allowing for more mental

energy to be devoted to recall. Effortful recall is the foundation on

which most of the related work in the next section is based.

Fluid intelligence is one of two types of general intelligence first

defined by Raymond Cattell in the 1970s, the other being crystal-

lized intelligence [6]. Fluid intelligence is the ability to use logical

thinking to solve new and complex problems, regardless of domain

or previously acquired knowledge. Conversely, crystallized intel-

ligence is developed from experience in specific tasks leading to

domain knowledge. We sought to avoid relying on the crystallized

intelligence of students by interleaving question topics from differ-

ent lessons so as to not promote short-term memorization of each

lesson’s concepts.

Basic concepts include the most fundamental structures and

skills required to perform virtually any programming task, such as:

storing a value or a reference to an object in a variable, using print

statements, iteration (single for loop), selection (single if statement),

and defining a function, among others.

Advanced concepts include a more complex version of a basic

concept or an entirely new concept. Examples are: nested for loops,

nested if statements, while loops, and file input/output. The delin-

eation between the two groups aided us in quantifying how many

different concepts were covered in each quiz question.

2.2 Related Work

Many experimental studies related to retrieval-based learning have

been conducted on undergraduate courses. Jeffrey D. Karpicke and

Henry L. Roedieger III are two of the most prolific researchers in

this field and have both contributed a large body of work. The

pair described historical pedagogical views on testing along with a

comprehensive review on contemporary laboratory experiments

and classroom-focused studies related to retrieval-based learning

[23]. They found that free-recall tests as the primary reviewmethod

promoted increased long-term retention while rereading material

was more ideal for short-term retention [14, 22]. In another pair

of experiments, Karpicke and Roediger showed that interleaving

restudying with effortful recall-focused tests produced the greatest

performance results over testing only [15]. Additionally, repeated

recall produced the maximum retention results compared to study-

ing previous content alone or dropping previously tested content

from future tests.

Karpicke compared long-term retention rates between three dif-

ferent learning methods: studying alone, recall from a single test,

and repeated recall from multiples tests [12]. Repeated retrieval

produced the largest proportion of recalled ideas. Roediger noted

the importance of two of the main components of our study: 1)

mixed retrieval practice (covering a wide spectrum of subject mat-

ter) and 2) using low-stakes quizzes (worth very little or zero points)

[21]. In a Psychology course experiment, Blunt and Karpicke found

that both paragraph and content-mapping recall produced roughly

equivalent performance increases [3]. This refuted the common

notion that the act of writing is the primary reason for successful

retention, rather it is the act of retrieval in the various ways it can

occur.

Nevid et al. examined the effect of effortful recall for both open

and closed-book quizzes [17]. They demonstrated that open-book

quizzes resulted in short-term retention but failed in long-term

retention, the solution to which is repeated effortful recall through

intelligently-spaced quizzes. Glenn presented several anecdotal sto-

ries related to effortful recall [9]. His main concern was that quizzes

would steer students toward studying narrow, specific topics. How-

ever, he explained how it was a benefit as students had to recall

other concepts related to the quizzed content, which strengthened

the understanding of the targeted concept itself. Pyc and Rawson

found that a longer interval between episodes of effortful recall

increased exam performance [20]. McDaniel et al. examined three

different quiz scenarios: quiz questions were identical to exam ques-

tions, similar to exam questions, and the use of multiple choice

versus short answer questions [16]. Naturally, providing identical

quiz questions ensured the best results while providing quiz ques-

tions similar in subject to final exam questions produced łnominally

betterž exam performance than rereading material.

The following two papers provided amore theoretical, psycholog-

ical perspective of retrieval-based learning. Karpicke and Grimaldi

offered a thorough description of both direct and indirect learn-

ing benefits of retrieval-based learning, the latter of which assists

in identifying gaps or weaknesses in knowledge or understand-

ing, focusing students toward their weak areas [13]. Rowland also

provides a theoretical analysis of the mental mechanics in how

retrieval-based learning is an effective learning method in [24].
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(a) Nested if statements quiz (b) HTML part 2 w/ file I/O quiz

Figure 1: Two of the seven total quizzes. Both contain a mix of syntactical and conceptual questions.

Although most studies on effortful recall primarily use Psychol-

ogy and related courses, we found several related to introductory

CS and other STEM-related courses.

Dobson et al. studied effortful retrieval in the context of a physi-

cal anatomy course and confirmed that distributed, retrieval-based

strategies outperformed massed, restudy-focused strategies [8].

Norris employed a pre- and post-quizzing scheme where a pre-

quiz was designed to prepare students for class discussion while

post-quizzes were given after class discussion [18]. She observed an

8% increase in pass rate in her CS1 course and a 10% increase in her

CS2 course. Another study crowd-sourced retrieval-based learning

tests where more than 100 teachers compared a blocked practice ap-

proach (all questions on the same topic) to an interleaved approach

(questions on different topics) [25]. The authors found that the in-

terleaved approach produced a range of 5-30% better performance

than the blocked approach. Cicirello instituted a pop quiz exper-

iment in a CS1 course over 3 years and 9 semesters where some

sections were randomly given pop quizzes and others were not

[7]. Juniors were the best performing class (of those in the quizzed

sections), scoring higher on exams as well as programming assign-

ments. The primary benefit to students in this scenario was the

more frequently received indirect feedback on their understanding

of course material.

Zingaro et al. used the peer instruction technique to encour-

age students to explain and defend their individual answers to

peers, reach a consensus, and produce a group-wide answer for

broader discussion (in a remedial CS1 course) [26]. The class used

the łCž programming language; the authors found completing read-

ing quizzes correlated positively with course performance. Bangert-

Drowns et al. performed a large experiment through a mix of high

school and college STEM courses where 83% of classes showed a

positive effect of frequent testing on final exam performance [2].

The number of quizzes correlated with grades and students gave

higher feedback marks in the classes when queried.

Although most quiz experiments were conducted within Psy-

chology and related courses due to its nature, we were unable to

find any effortful recall-focused quiz experiments for the general

student population in an introductory IT course. This lack of liter-

ature is likely due to the rather unique curriculum requirements

imposed upon students at this institution.

3 METHODOLOGY

As mentioned in Section 1, the overall goal was to minimize the

degradation in student performance from the first to the second

midterm exam by maximizing fluid intelligence, the ability to apply

general logic and common sense to solve problems. We achieved

this goal through effortful recall utilizing daily no-risk quizzes. We

sought to accomplish two general objectives within the bounds of

the course structure:
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(1) Strengthen and reinforce student understanding and applica-

tion of multiple łbasicž programming concepts learned prior

to the first midterm exam.

(2) Repetitively integrate recently learned ładvancedž program-

ming topics to strengthen long-term recall.

We designed quiz questions such that students had to perform

effortful recall. Students did not receive prompts or hints such as

those given in multiple choice questions where they simply must

choose the correct answer. The following subsections document

our rationale behind decisions pertaining to question content and

type. The strategy in selecting question content was the primary

driver in improving fluid intelligence while choosing the appropri-

ate question type had the most impact on how we ensured effortful

recall by the students.

3.1 Question Content

We sought to avoid only quizzing students on the exact concept

taught in the previous lesson to minimize the exclusive reinforce-

ment of crystallized intelligence. We instead integrated basic and

advanced concepts learned in multiple prior lessons. Thus, quizzes

not only covered material from the previous lesson, but also in-

cluded concepts from the cumulative body of content up to that

point in the course.

Table 1 shows lesson numbers and the primary subject covered

on the quiz. For example, the Lesson 14 quiz, shown in Figure

1a, primarily covered nested if statements - taught in Lesson 13 -

along with potentially all previous material thus far presented in

the course. The subject areas listed are a combination of common

introductory programming tasks, language-specific themes of the

course (copying pictures into a canvas), and Hypertext Markup

Language (HTML) - the language by which webpage content is

presented.

Table 1: Quiz Subject by Lesson

Lesson Subject

14 nested if statements

15 if statements w/ elif, else

16 nested for loops

17 copying pictures into a canvas

18 while loops

19 HTML Part 1

20 HTML part 2, file I/O

Each quiz consisted of three or four questions depending on

difficulty. Students were given five minutes to complete the entire

quiz. Every question integrated either a basic concept, advanced

concept, or a combination of both into a single question. For exam-

ple, question one in Figure 1a tests a student’s ability to recognize

variable types for x, y, width, and height and what they represent

(a basic concept). In addition, it demonstrates a students ability

to apply variables properly in an advanced concept like nested if

statements.

We decided not to quiz students within the JES Integrated De-

velopment Environment (IDE), where the students performed their

daily homework assignments. The purpose of this decision was to

introduce variance in recall methods to avoid similarity between

homework and quiz questions. Finally, once complete, students

exchanged quizzes and briefly discussed correct answers with a

partner. The instructors led students in peer feedback, where confi-

dent students explained their answers to the rest of the section. The

instructor usually only discussed a question in depth if there was a

challenging question that much of the class answered incorrectly.

3.2 Question Type

The two primary question types we used requiring effortful re-

call were: short answer (conceptual) and code completion (syntax).

Learning both programming concepts and respective language syn-

tax in parallel is critical to mastering the fundamental outcomes of

our CS0 course. Thus, we designed quiz questions that would test

student retention of the cumulative body of conceptual topics as

well as their application of syntax.

Short answer questions require the student to truly understand

how a concept is applied in an example scenario or the nature of its

relationship to other concepts to solve a problem. Question two in

Figure 1b is an example of a conceptual question based on content

from a previous lesson. As previously stated, these questions come

from any prior lesson for the purpose of enhancing a student’s

ability to apply learned concepts on demand.

Code completion concepts consist of completing a single line

or multiple lines of code with proper syntax. These questions con-

tain various scenarios that require the student to initially decipher

learned concepts and understand the objective of the code snippet.

The student can then judge what the most appropriate statement or

expression is needed to accomplish the objective of the code snip-

pet. Question one in Figure 1a is an example of a code completion

problem where the student must provide the missing code to make

the code block functional.

Both question types ensured that students were not able to rely

on prompts to refresh their memory. Instead, given the general

context of the question, they had to recall specific conceptual and

syntactical information from the cumulative body of course content.

4 EXPERIMENT

The two instructors employed an experimental design to assess

the effects of the high-frequency, no-impact quizzes on student

performance. The previous observation, a decline in scores be-

tween the first and second exams, made the second programming

block the most appropriate for the experiment. The experimental

design includes the selection of groups and minimization of non-

experimental factors in addition to the selection of the appropriate

statistical tests to identify and measure any present effects.

To systematically assess the impact of the experiment, we chose

the following research question: What effect does group member-

ship, experimental versus control, have on the difference in student

performance on the first exam versus the second exam. This research

question led to the following null hypothesis: H0 Group membership

has no effect on student performance. The alternate hypothesis is

given based on the purpose of the research, focusing on improving

performance: HA Experimental group membership has a statistically

significant, positive impact on student performance.
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4.1 Design

The instructors, each teaching four sections of 16 to 18 students,

first identified instructor variance as a potential non-experimental

factor. To minimize the potential variance, the instructors each

selected two sections as experimental (EXP) and two sections as

control (CTL) as seen in Table 2. To mitigate the possibility of class

days and sectioning differences, the instructors also varied which

sections they chose as control versus experimental.

Table 2: Instructor Sections

Section A B C D

Instructor 1 EXP EXP CTL CTL

Instructor 2 CTL CTL EXP EXP

The second identified factor was GPA. To limit experimental

complexity, the approachmitigated the effects of student GPA rather

than including it as a factor. We recognized the inexorable fact that

students perform differently as a potential source of noise in our

results. To limit the influence of individual performance variance,

the study focused on the difference in performance between the

first and second exams rather than the cardinal scores.

Lastly, the instructors had access to the population results. This

access allowed a comparison between the population results and

both categories of the sample results to ensure the sample did

not have performance anomalies that would render the results

inconclusive or invalid.

4.2 Tests

The selection of tests focused on answering the research question,

making determinations on the hypotheses, and implementing the

aforementioned mitigations. We selected a one-tailed, two-sample

t-test for the first test to address both hypotheses. Although the

t-test is highly applicable, we envisioned a situation where highly

variant individual performance of a few members had dispropor-

tionate effects on the means, possibly rendering the results invalid.

The second test, logistic regression, provided the means to categor-

ically assign performance, reducing the impact of those potential

anomalies.

The chosen categories, depicted in Table 3, relate to the relatively

normal distribution of the exam results. The results are in terms of

the difference (DIF) in performance between the first and second

exams. The neutral category (=) contains the results within one-half

of a standard deviation (SD) of the average (AVG). The slight im-

provement category (+) contains those results with improvements

between one-half standard deviation and one standard deviation,

whereas much better (+ +) contains all improvements one standard

deviation above the average. The worse (ś) and much worse (ś ś)

categories are the inverse.

5 RESULTS

The eight sections, four control and four experiment, represent a

significant portion of the 30-section population. The sample con-

tained 142 students of the 521 enrolled in the course. Since the

instructors had access to the population results, the comparison

of total population and sample population occurred first. The raw

Table 3: Logistic Regression Categories

Category Description

++ DIF >= AVG + SD

+ AVG + SD > DIF > AVG + SD/2

= AVG + SD/2 >= DIF >= AVG - SD/2

ś AVG - SD/2 > DIF > AVG - SD

ś ś AVG - SD >= DIF

data is presented next, followed by the results of, and observations

garnered from, the planned statistical tests.

5.1 General

The aggregate sample results, including both experiment and con-

trol groups for both instructors, closely resembled the population

results. Although the aggregate of the sample groups had slightly

better performance, the averages on both exams, the average differ-

ences between exam performance, and the standard deviations were

all within one percent of those of the population. The previously

observed decline in performance, although only a couple percent,

was present in both the population and sample. A final observation

from the comparison of the sample and population performances

was that both were generally normal distributions.

Table 4: Control Results

Exam 1 Exam 2 DIF

AVG 86.34% 83.10% -3.24%

SD 11.73% 14.51% 10.42%

The control and experimental results, depicted in Tables 4 and 5,

elude to the effects of each group. Specifically, the reduced average

(AVG) difference (DIF) suggests that membership in the experimen-

tal group had a positive impact on performance.

Table 5: Experiment Results

Exam 1 Exam 2 DIF

AVG 84.06% 83.88% -0.18%

SD 13.06% 11.87% 10.76%

5.2 T-Test

The one-tailed, two-sample t-test confirmed the significance of the

performance improvement between the control and experimental

groups seen in Tables 4 and 5. It resulted in a p-value of 0.04356,

below the common threshold for significance of 0.05. This result led

to the rejection of the null hypothesis; the difference is statistically

significant. Furthermore, the difference being an improvement led

to the acceptance of the alternate hypothesis.

5.3 Logistic Regression

Although logistic regression did not yield statistically significant

results, Table 6 led to two interesting observations regarding the

likelihood of group membership. First, it is twice as likely that a
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randomly selected result found in the much better category (+ +)

belongs to the experimental group. Second, it is about half as likely

that a randomly selected result found in the much worse category

(ś ś) belongs to the experimental group.

Table 6: Logistic Regression Results

ś ś ś = + ++

CTL 13 5 36 10 6

EXP 7 8 36 9 12

Total 20 13 72 19 18

Given a larger sample, the logistic regression results may have

indicated statistical significance for the much better and much

worse categories, however, the middle categories of better, about

equal, and worse were similar to the degree that it is unlikely they

would provide any significant difference. Regardless, a decrease in

the number of students that perform much worse on the second

exam and an increase in those that performmuch better is a positive

result. To provide more concrete results in the future, similar work

should include as many sections as possible of a similarly-sized

course.

6 CONCLUSION

This paper demonstrated the application of the established pedagog-

ical practices of varied, frequent, and no-risk quizzes as a means to

elicit effortful recall, a catalyst to improved learning and retention

in the information technology core curriculum environment. This

also fostered the development of the students’ fluid intelligence,

their ability to identify patterns, and their use of fundamental logic

to solve complex and novel problems.

Our results aligned with the best practices and advice found

throughout the literature. The varied, effortful recall presented by

the no-risk quizzes had a positive, statistically significant impact on

student performance in the introductory IT course. Additionally, we

showed that therewas an approximately 50% reduction in likelihood

that a student in the experimental group performed much worse on

the second exam and a 100% increase in likelihood that a student

performed much better.

As part of the planned transition from 40 lessons of 55-minutes

to 30 lessons of 75-minutes, the CS0 course has been rewritten. The

course now includes daily quizzes, which focus on the subject to

be discussed in each respective lesson. The quizzes usually contain

at least one question randomly chosen from any previous lesson.

A direction for future work would include defining two separate

question pools for the daily quizzes (assigned to two separate groups

of students), one of which contained more cumulative questions

and one focused around the current lesson. This approach would

better quantify the effect on performance based on the distribution

of subjects from which quiz questions were generated, something

we did not explicitly and measure in this study.
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