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Abstract

This paper proposes the Active Learning for Clamsrdvlanagement Model as a method to struc-
ture active learning experiences. The model wagsddwand tested in an Introductory Computer
Programming course. Stages in the model are exqlaiith examples of classroom activities.
The model was evaluated twice in series of quagsegments and limited support was provided
for improved student performance through the ugbemMmodel.
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Introduction

Approximately three years ago, courses were deedldpr at-risk students in introductory com-
puter programming courses in a large college inatpdNew York. A suite of teaching tech-
niques, centered arouadtive learningwere chosen to combat the problem, resultinggraat
from The National Science Foundation (NSF) to supgod study this work. The main goals of
the grant were to show evidence of student learanthsatisfaction, develop discipline specific
active learning activities, and to provide workskiopuring the two years of evaluation and im-
plementation of the grant, the basic design ottheses emerged as a more general learning
model. In this paper we propose the Active LearfiargClassroom Management Model (AL-
CM) as a plausible account for the improvementulant learning and present evidence to sup-
port the model.

Background

Introductory Computer Programming, like many difficechnical subjects, faces a large number
of student failures and withdrawals. Some of thlenfes and withdrawals are due to the ways in
which these courses are commonly taught in moseusities using traditional teaching methods
of lecture, individual assignments and projectseseEhmethods themselves are not to blame, but
rather it is the overall combination of
these methods that produces a passive
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ing was chosen as the primary method for the actamieg classroom activities. This was pri-
marily due to its ability to create genuine comntigsi within classrooms, and deepen learning
via well-structured, sequenced assignments in sgnalips (Millis & Cotell, 1998). It also gives
students the opportunity to talk, listen, readteynieflect, and apply what they are learning
(Meyers & Jones, 1993). Cooperative learning segmnehising for younger students attending
college for the first time, who may be a little agpensive and unsure of their abilities.

One of the keys in the application of active leagnio the course design was the notion that por-
tions of a course should support each other taemeaignificant learning experience (Fink,
2003). Additionally, several classroom managemectiniques and activity designs were studied
and adopted from Millis & Cottell (1998).

It should be noted that the major motivator forsthneesign activities was to improve classroom
practice by achieving higher student achievememief failures, and higher student satisfaction.
The original intent wasotto develop a generalized classroom model. Howegeis typical in
grounded theory situations (Glaser & Strauss, 19 Wodel gradually emerged and solidified
itself through the process of data gathering aradyars.

Developing an Active Learning Model

Because the AL-CM is an emergent model, based cressful practice, it is appropriate to de-
scribe the process that led to the developmeriteoptoposed Active Learning for Classroom
Management (AL-CM) model.

Studio Model

The course, Introduction to Computer Programmisgt anitially existed, was atudio model
design in which the lab portion of the class haggemmediately after a short lecture, in the
same room, and with the same instructor. Lab digsvare generally short, simple applications of
the lecture material. This was a powerful way fatiuctors to receive immediate feedback on
the effectiveness of the lecture, and discoversangents’ lack of understanding. Despite this
seemingly active approach, students still workelividually, and the class time was dominated
by instructor lecture.

Building a Toolbox of Activities

As a pilot project, active learning activities wereated and used in a trial classroom as the need
arose. When a general lack of student understarmdiragparticular concept occurred, for exam-
ple, an activity was created to address this n@ederal times during the courses, students rated
the effectiveness of each activity and were engmddo make suggestions for improvement. The
activities were modified based on this feedbackus®t in subsequent versions of the courses.
This critical reflection by the students was parantdo the ultimate effectiveness of all the ac-
tivities. Brookfield (1995) discusses several pduwlervays to get students to critically reflect on
their learning and to inform the instructor’s pieet

A cooperative approach was used for the in-claggies where paired programming was em-
ployed for the in-class activities where two pragnaers work on one program. In a paired pro-
gramming activity, one student assumes the rothefdriver’ who writes the code while the
other programmer assumes the role the “navigatbd makes suggestions, and corrects coding
and logic errors as they occur (Astels, Miller, &wk, 2002; McDowell, Werner, Bullock, &
Fernald, 2002).
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Nurturing the Classroom Environment

A more concerted effort was made to make all phak#se learning environment more active
and learner-centered as advocated by Weimer (20Q0®).adaptation occurred with the paired-
programming exercise when it was observed thatrtieigating” students appeared to lose fo-
cus. Therefore, the in-class activities were regfe=si such that each step was numbered and the
students were required to switch roles for eagh. §this minor change had a dramatic effect at
keeping the pairs on task and generating a highl fistudent engagement.

The other addition to the classroom was the addiforhink-Pair-Share (TPS) into the lectures.
TPS requires that when the instructor poses aiguesihe students think about the question, pair-
up with another student, and share their answdés bEnefits of this is to give students time to
think about their answers, engages them by disogigke topic, lets them learn from each other,
raises their self-confidence by having their knalgie verified, and possibly feeling better that
they weren’t the only ones who didn't know the aes{Bonwell & Eison, 1991; Sutherland &
Bonwell, 1996).

Putting the Pieces Together

In the process of trying to show evidence of sta¢Earning, developing discipline specific ac-
tivities, and assessing student learning and emgege a learning model started to emerge. It
became apparent that actively engaging studentd beudone in a systematic way. The follow-
ing model attempts to capture the process thatmags the effectiveness of infusing active
learning into the classroom.

Learning Questions

We propose a four-phased approach for the AL-CMpdrticular, we believe that each phase of
the model must address specific learning questimatsare relevant to students at different times.
Figure 1 shows the four major components of trasnimg model:

A N

4) Why 1) What

3) Where 2) How

-~ 7

Figure 1: Learning Questions

During the first activity phase, it is importantsbow the studentshat to do. Students need ori-
entation and direction to get started efficientlge second phase helps them to ldsow to do

it. That is, they learn the mechanics and procedimeaccomplishing small tasks and basic im-
plementations of the ideas. The third phase hbkg® to combine their new knowledge with
existing knowledge to seehere the pieces fit together conceptually. The finahgd helps the
student to knowvhy they are learning the current material and th@@se behind it.

Figure 2 shows the AL-CM learning questions mappei a classroom implementation and the
following sections provide a description of the lerpentation of each phase of the model.
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VS

4) Why: 1) What:

(Group Reflective Activity) (Lecture)
3) Where: 2) How:
(Homework) (In-class Activity)

=

Figure 2: Active Learning Model for Classroom Management

Phase 1 — What: Lecture

Although this is an active learning model, it does advocate the exclusion of lecturing. Lectur-
ing is still a very efficient way explain new comtg and constructs; a great lecturer can still cap-
tivate an audience. However, lecturing is mostatiffe in transmitting information (Bligh, 2000).
A one-way transmission was found to be useful &tirsy the stage for students, for providing an
overview of material and for providing general ditens and modeling.

Phase 2 — How: In-class Activity

The purpose of an in-class activity is to give shedents immediate practice with the recently
covered material by solving simple problems. lba#iows the students to ask questions while
the lecture is fresh in their minds and the ingbuts still in the room. It enables students work
with the procedural and technical aspects of the centent in a complex, local environment
such as a laboratory or virtual space.

The techniques of paired programming were impleggkfdr this part of the learning model.
Paired programming is an effective way to keep mgners active in developing programs at
both the conceptual level (navigator) and the djmral level (driver). Interestingly, after several
sessions, student pairs consulted with other paiigre asking the instructor for help. It may be
the case that students who figure out procedurghémselves have a perspective on the subject
matter that resonates with other beginners anefihver are effective in explaining ideas to each
other. Nonetheless, when students did ask thaugistra question, it was typically well thought
out and discussed with at least two people.

Phase 3 — Where: Homework

Homework assignments should be a more difficulliapfion of the current topic to allow stu-
dents to put together all the pieces of the neveepts and create something on their own, which
supports deep learning (Zull, 2002). This is al$exe the students integrate their new knowledge
with their existing knowledge; essentially they c&e where new ideas fit with existing ideas.
This can be an even richer learning experience wlnegurrent homework expands on the previ-
ous homework. As students experience successsiapiplication, it provides an incentive to

learn the next topic. The suggestion is that stigdgimould do these assignments on their own,
although getting help from other students and urstrrs is generally accepted.
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Phase 4 — Why: Reflective Activity

This is the critical phase of this learning modadl avhere students reflect on their current knowl-
edge to deepen their understanding and expandetkisting conceptual models (Zull, 2002).
This phase should use cooperative learning a&évitihere small groups solve a problem or an-
swer questions that are too difficult for most i to solve alone. However, the activities
shouldn’t be so difficult that the groups give ugao easy where they think it's a waste of time.
Examples of specific activities used in these cegiere elsewhere described in detail (Whitting-
ton, 2004).

One of the problems with cooperative learning eisexcis the amount of time they take (Meyers
& Jones, 2003), which is why these activities areedin the final phase. In order to maximize the
effectiveness in a minimal amount of time, it iggested to implement these types of activities
after the students have a greater level of expegi@nth the topic. Students can begin to build a
larger context for why the material they are leagris valuable; these activities can be an effec-
tive bridge leading into the need for the next¢opi

Implementation of the Model

This model does not require that each part is patjormed once as the diagram may imply.
Each phase can be done several times. For instidwecillowing order could effectively be im-
plemented for a particular topic: lecture, in-cldssture, in-class, homework, lecture, in-class,
reflective activity. The crucial points here arartolude all phases for each topic or concept, have
each part support and build on each other, anahaiély lead into the next topic.

A circular and cyclical model could actually beginany of the phases, but we suggest starting by
providing orientation and direction as suggesteithén*How” Phase 1. A study investigating
learner preferences (Yacci, 1994) showed sevenatifinal learning patterns that commonly

arise if students are given choices of learningyitiets. The AL-CM model and its flexibility is
congruent with these learning patterns.

Support for the Model

As stated earlier, the original intent of all oé#e activities was not to create a general purpose
design model, but rather to enhance learning jpeaific classroom setting. Data on student
achievement, however, provides limited supportlicg design model.

The Active Learning for Classroom Management meded tested against the traditional studio
model in a quasi-experiment (Cook & Campbell, 19¥8hg two existing Introduction to Com-
puter Programming classrooms and a conveniencelsaip4 total students. Students were ini-
tially self-selected in thActive Learning N=22) orControl classrooms (N=12). The Active
Learning treatment group received the instructiesighed according to the AL-CM model while
the Control group received traditional studio alassn methods. The study occurred over a two
week period and both groups were relatively isdldtem each other.

Student achievement (pre-test and post-test) wasuned on a seven-item paper-based exam,
that required each student to analyze sectionsrapater code and to explain what was happen-
ing. This is a commonly-used examination methodssessing student learning in computer pro-
gramming courses. A unit of instruction was selédtat had a clear starting and stopping point,
with no carryover from past courses. A two group-{@st / post-test study was conducted to de-
termine if there were differences in achievementhat unit. The same instrument was used as
both the pre-test and post-test with minor modiftcaas noted below.

Each group received the same pre-test at theadtart instructional unit. Both groups then re-
ceived the identical number of classroom meetitigssame total instructional time, and classes
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were held in the same computer lab-based facilitiae major difference between the two groups
was the inclusion of the AL-CM activities. The cattgroup instructor was told to teach the

class as he normally would, using his best teacimethods. At the completion of the unit, after
approximately two weeks, both groups received #mespost-test. The questions on both pre-test
and post-test covered the same concepts and pescipith slight variation in wording and ex-
amples.

Random assignment is commonly used to create dgqaivaeatment groups in experiments. Be-
cause there was no random assignment in this exget;j the pre-test was used to show that the
two groups did not differ in programming ability é®y began the unit. Pre-test scores between
the Active Learning and Control group were compargidg an independent sample t-Test. Due
to the fact that the standard deviations of bottugs were similar, the pooled variance was used
(pooled SD = 1.5954). Additionally, note that peigants were occasionally absent during the
administration of the pre-test or post-tests, heti@evarying numbers within each group.

In all experiments, aalpha= .10 was selected as a common (Devore, 200£3), But not
overly rigorous threshold of statistical significan Triola (2006) alternatively suggests simply
reporting theP-value obtained and leaving the decision of statissignificance to the reader.
We have done both, in reporting the following résul

Table 1. Pre-Test for ActiveLearning vs. Control T-Test
N Mean StDev SE Mean
Active 22 2.45 1.68 0.36
Cont r ol 10 3.10 1.37 0.43
T-Value = -1.06 P-Value = 0.297 DF = 30

As shown in Table 1, using atpha= .10, the obtaineB = .297 is not significant, therefore a
null hypothesis of equal meang/{ = 1/,) cannot be rejected in based on this data. Wefier

retain the null hypothesis of equal means, notiag the logic of hypothesis testing does not
prove the null hypothesis, but rather fails to disg it. This statistic, however, suggests that the
two group means are not different on the pre-test.

A similar t-Test for independent means was condliieeompare post-test results. A null hy-
pothesis of equal means was tested. The assungfteual variances was again used in the
computing the two-tailed statistic. Note that, lagven in Table 2, there is one absence from the
active learning treatment group.

Table 2. Post-Test for Active Learning vs. Control T-Test
N  Mean StDev SE Mean
Active 21 6.905 0.889 0.19
Contr ol 12 6. 25 1.14 0.33

T-Value = 1.84 P-Value = 0.076 DF = 31

The Active Learning treatment group scored highantthe Control group. Using aipha= .10,
these data are statistically significant, witR-salue = .076.
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These results were replicated one year later imigas experiment with similar results. Again,
self-selected groups were compared, using the paen@nd post-tests. In the interests of preserv-
ing space, the details of this replication are lsimn all aspects to the original experiment, gtce
for the group size. The pre-test comparison isntegdn Table 3.

Table3. Pre-Test for ActiveLearning vs. Control T-Test
N Mean StDev SE Mean

Active 34 2.68 1.61 0.28

Cont r ol 17 2.41 1.46 0.35

T-Value = 0.57 P-Value = 0.571 DF = 49

Similar to the first experiment, we fail to rejeébe hypothesis of equal means, witR-salue =
.571. The entering skills of the replication groaps not significantly different.

The post-test comparisons are shown in Table 4.

Table 4. Post-Test for Active Learning vs Control T-Test
N Mean StDev SE Mean
Active 34 6.97 1.19 0.20

Contr ol 17 6.41 1.00 0.24

T-Value = 1.66 P-Value = 0.104 DF = 49

On the replicated post-test comparison,Rhalue = .104 is not significant at atpha=.10.
However, similar to the first experiment, the Aetitreatment group once again scored higher
than the Control treatment group. Salkind (2008)gests the termmarginally significanfor data
that approaches but slightly exceeds an alphaf€igwel, explaining that significance is not the
“end-all” of scientific research. In this situatian which data approach significance, as an aid to
interpretation we provide thie-value. The replication study again suggests tiexetis practical
potential in using the AL-CM model.

Conclusion

The results of these two studies provide limitepipsut on the claim that the Active Learning
Classroom Management Model is an effective meairgtease student achievement. The origi-
nal study shows statistical significance in post-sehievement scores; its replication provided
marginally significant differences in post-test i@element scores. Results might be due to the
length of the experimental conditions; a two-weekdew may not be enough time to fully and
cleanly separate the two treatment groups. We stifipet these differences could be increased if
the length of the treatment were longer. Notalm\haoth experiments, the Active Learning group
scored higher than the Control group. The replicaaf the study, and the consequent similarity
in results, leads us to continue to believe the@W-has potential for being a practical method
for improving classroom achievement and an effeatiethod to structure classroom activities.
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An additional report is forthcoming to provide soppfor the salience of the four distinct phases
in the model (Yacci & Whittington, 2008).
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