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Chapter Summary

Research in the areas of information processing and cognitive science have shown
that the human brain has a limited capability to attend to multiple stimuli and to perform
simultaneous tasks (Chun et al., 2011; Foerde et al., 2006; Mayer & Moreno, 2003;
Rosen et al., 2013; Wood et al., 2012). Research on multitasking has shown that
participants who divide their attention between two or more concurrent tasks (“dual task
interference”) may take longer to complete tasks and may make more errors than when
the tasks are performed sequentially (Adler & Benbunan-Fich, 2012; Bailey & Konstan,
2006; Igbal & Horvitz, 2007; Ophir et al., 2009). Secondary or distractive tasks may
cause the primary task to go cognitively unattended due to a cognitive bottleneck. This
results in weaker encoding of primary task information into short-term memory, which
means that information will not be adequately transferred to long-term memory. Further,
when switching back attention from the distractive task to the uncompleted primary task,
additional cognitive resources and time are required to reorient the focus onto the primary
task. This additional cognitive load leads to increases in tasks errors and times as well as
annoyance and stress (Kraushaar & Novak, 2010).

Researchers have begun to examine how students multitask in the classroom and
how their multitasking affects their ability to learn and their overall educational outcomes
(Fried, 2008; Junco & Cotton, 2011; Kraushaar & Novak, 2010; Wood et al., 2012). Ina
classroom setting, students tend to switch back and forth between academic and non-
academic tasks. These non-academic tasks, which are generally performed on a laptop,
include engaging with social networks and playing games and can lead to poorer

academic performance (Junco, 2012a, 2012b; Junco & Cotton, 2012; Kirschner &
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Karpinski, 2010; Wood et al., 2012). Although recent studies have reported negative
impacts of computer-based multitasking on academic performance, to date, there is no
consensus on the effects of technology use on academic performance.

The literature presents a variety of activity-based metrics for measuring computer-
based multitasking behaviors (Benbunan-Fich et al., 2009, 2011; Czerwinski et al., 2004;
Kraushaar & Novak, 2010). This study operationalized and measured computer-based
multitasking by determining the frequency of distractive multitasking (MT Frequency)
through the mean value of active windows/tabs generated by a student during n lectures
for all the instances of distracted multitasking behavior identified in this study. This
activity-based metric combines two components (user and technology) of the three
identified by Burton-Jones and Straub (2006), and the methodology is discussed in detail

in the following chapter.
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Chapter 3

Methodology

Study Design

This study uses a correlational research design with the aim to examine the
relationship and potential causality between two variables, which classifies it as
exploratory research (Gay, Mills, & Airasian, 2011). The predictor variable is frequency
of distractive multitasking during class. Kraushaar and Novak (2010) defined distractive
multitasking during class as students engaging in a group of tasks or activities in which
cognitive resources are used to process information that is not directly related to the
course material. For the purpose of this study, frequency of distractive multitasking is the
average number of distractive windows as related to surfing and entertainment, email, PC
operations in general (e.g., Windows Explorer, system software), and academic activities
associated with other classes. The criterion variable is academic performance, as
measured by the midterm and final evaluation scores.

This study concerns the effects of distractive multitasking, via a single-information
technology platform (a computer device) and in a specific period of time, on learning
outcomes in a classroom setting. The research determined the relationship between
aspects of distractive multitasking and academic performance. Prior research has
indicated that laptop use in the classroom is associated with multitasking and distraction
(Fried, 2008; Kraushaar & Novak, 2010; Mokhtari et al., 2015). These, in turn, lead to
decreased understanding of course material, which has a negative impact on academic

performance. The research on the relationship between distractive multitasking, based on
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computer use in the classroom, and decrements in learning, however, comes primarily
from self-reports and online surveys. Therefore, this study used a monitoring system to
capture data that reflected actual multitasking behaviors from students who used
computers while attending real-time classroom lectures. This study extends Kraushaar
and Novak’s (2010) research on this relationship by quantifying the impact of computer-

based multitasking on learning.

Participants and Setting

The projected 64 study participants were undergraduate Latin American students
enrolled in the Department of Computer Science in the School of Engineering at the
Instituto Tecnol6gico Auténomo de México (ITAM), a private university located in
Mexico City that is one of the nation’s leading institutions of higher education. The
participants were obtained through convenience sampling of the computer science
students registered in a freshman-level required course during the winter 2015 semester.
The course was titled Computational Tools and Algorithms (COM 16301). College
students were chosen as participants for this study due to their strong usage of social
technologies and their potential to multitask in the classroom (Kirschner & Karpinski,
2010).

In this course, the students had the opportunity to learn about and use computational
tools for modeling as a means to assess and solve problems in various areas of
engineering through structured reasoning, application of basic notion of mathematics,
analysis of information, and the use of computer systems. The coursework occurred in

the context of an innovative entrepreneurship project that used information and
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communication technologies. Due to the correlational nature of this study, all students
participated in the same activity, i.e., used computers to perform their academic activities
during the lecture, and were not divided into control and experimental groups. The use of
a control group would not contribute to the addressing of the hypothesis.

Students in the class used lab desktop computers provided by the School of
Engineering, connected via a wired network, which allowed them to work individually, in
groups of two to three to review the materials to be submitted to the instructor and to
develop tasks for a group project to be presented at the end of the semester. If they
wished, students also could bring their own laptops to class to be used instead of the ones
provided by the school. However, this was not encouraged.

Students participated in discussions with the instructor and learned to use various
software tools that allow them to solve engineering problems similar to the ones that they
will find in their professional careers. Students learned how to use computational tools,
such as the computer algebra system Maple, MS Excel/Solver/VBA-Macros, and
programming of algorithms using Visual Basic, to model and solve engineering
problems. The working method is based on the instructor’s posing interesting problems,
which are address through four key stages: (a) understanding the problem, (b) designing
the solution for the problem, (c) implementing the solution with the aid of the computer,
and (d) validating the solution and results.

Through the course’s inclusion of various computational tools for engineering tasks,
students learned to identify and apply basic concepts of modeling, simulation and
evaluation in various areas of engineering, including innovation and entrepreneurship,

simulation systems, project evaluation, project planning, control and management,
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market analysis, modeling of business processes and strategy definition. The course was
taught in a traditional lab style classroom that included a computer and projection system
connected to a large-screen display and met twice a week for an hour-and-a-half over an

18-week semester.

In the first part of the lecture, the instructor explained the theoretical concepts, and, to
demonstrate these concepts, directed the students to use the computational tools to access
procedural knowledge to complement the lecture. In the second part, the students worked
individually and in groups with their computers on specific tasks through examples,
exercises, and problems, which were presented to students as work to be performed
during the class and outside the class as homework. The students downloaded a file with
the instructions for the task, which they did on their computers during the class and later
at home. These instructions included, for example, references to video materials that
provided demonstrations of the software tools (e.g., MS Excel, Maple, Visual Basic);
samples of algorithms for modeling as a means to simulate, assess, and solve engineering
problems; and links to educational materials on the Web to support their individual and
group tasks. The task, which needed to be completed before the next lecture, involved
computational tools that enabled the students to apply the material learned during the
class.

Student performance data included a midterm and a final exam score. Both exams
were traditional in-class examinations that consisted of theoretical questions and
problems that needed to be resolved using the computational tools learned during the
semester. The researcher expected that these evaluation scores would be very much

affected by distractive multitasking in the classroom, based on the fact that both
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evaluations concerned activities performed in the classroom. The researcher did not take
into account any score that related to activities performed outside the classroom (e.g.,
homework, projects). The researcher correlated separately the midterm exam score and
the final exam score with the frequency of distractive multitasking measured during the

classes before each exam.

Research Question and Hypothesis

The following research question was addressed in this study: “Is there a correlation
between the frequency of distractive multitasking and academic performance (midterm
and final evaluation scores)?”

The frequency of multitasking (MTrrequency) Was measured by the mean value of
active windows/tabs generated by a student during n lectures for all the subcategories of
distractive multitasking behavior: surfing and entertainment, email, PC operations in
general (e.g., Windows Explorer, system software), and academic activities associated
with other classes. In this regard, it is important to make a distinction between open
windows/tabs and active windows/tabs. An open window/tab is any window/tab opened
by a program running on the student’s computer, while an active window/tab is the object
that is currently displayed on the computer monitor and is considered to be “on top” and
to have the focus of the student at any given time. The active window is the one
currently awaiting or receiving mouse and keyboard input. Every active window/tab
reflects an independent task set, and, thus, the number of windows/tabs is representative
of task switching. The formula that was used is as follows:

MT Frequency = Mean of active windows during N lecture sessions
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To answer the research question, the researcher correlated separately the midterm
evaluation score and the final evaluation score with the frequency of distractive
multitasking (M Trrequency) Of the students. This study used Pearson correlation
coefficients (r) to determine the relationship between the frequency of distractive
multitasking and academic performance.

This study builds on hypotheses developed in previous research (Fried, 2008;
Kraushaar & Novak, 2010; Mayer & Moreno, 2003; Wurst et al., 2008) that has shown
that multitasking and the unstructured use of computers in the classroom can have a
negative impact on academic performance. The hypothesis for this study was: “There
will be a negative correlation between academic performance (midterm and final
evaluation scores) and frequency of distractive multitasking” (Kraushaar & Novak,

2010).

Procedures

Because the researcher did not interact directly with the study participants and was
presented only with data that were completely de-identified, the researcher did not need
Institutional Review Board approval to conduct the study. The only person who
interacted with the students was the instructor of the course, who presented the de-
identified data to the researcher.

The instructor of the course also informed the students that all the information to be
collected will be anonymous and confidential, would be used only for research purposes,
and would not have an impact on their final course grade. Related to this, the researcher

was presented only with data that pertain to the purpose of this study.
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A computer science professor from the Instituto Tecnologico Autdnomo de México
(ITAM) was recruited to cooperate with the researcher in conducting this study. This
professor helped the researcher to select the appropriate instructor and course for this
study. The professor also coordinated the logistics, e.g., found computers for students,
obtained IT support for installing the data logger in the machines, coordinated with his
teaching assistant to ensure that the monitoring system was fully operational during the
class, retrieved the multitasking data files from the students’ computers, and stored them
in a shared folder in the cloud for later analysis by the researcher. Permission for the
professor and students to participate in this study was sought from the school authorities.

The selected instructor taught the computer science course chosen as appropriate for
this study, and this course served as the test bed course for this study. The course needed
to meet the following criteria: (a) be taught in a traditional lecture-style classroom; (b)
meet once a week for a total of 3 hours per week over an 18-week semester; (c) require
that students use computers in the classroom to enable participation in lectures and to
complete assignments; and (d) have student participation in the study be voluntary
(Kraushaar & Novak, 2010).

Permission for the instructor and students of the selected course to participate in the
proposed study was sought. Appendix A includes a permission letter from the Chair of
the Department of Computer Science at Instituto Tecnolégico Autbnomo de México
(ITAM), which allows the cooperating instructor and the researcher to conduct the study
at this school. During the first week of the term, the cooperating instructor explained to
the students the purpose of the study, how the monitoring software works, the kind of

information that will be collected, the benefits of participating in the study, and how the
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information from the study will be used. To minimize the impact of the novelty effect,
the cooperating professor did not describe the exact nature of the research inquiry in any
more detail than is ethically or legally necessary.

Students were told about the methods to be used to assure their anonymity and to
protect their data. Student user names were replaced by a 4-digit code, and students were
assured that their data will be used only in aggregate form for purposes of the research
and that no personal identification of the students will be made available.

Given that students who participated in the study knew that they were being
monitored, a limitation of this exploratory study is the “novelty effect.” The design of
this study minimized the impact of the novelty effect by including the strategy described
in the Barriers and Issues section in Chapter 1. Prior research has shown that the use of
monitoring software addresses the problems of students’ underreporting multitasking that
occurs in self-report surveys and provides a more accurate measure of the quantity and
nature of distractive multitasking in the classroom (Fried, 2008).

Multitasking behavior data and academic performance data (midterm and final
evaluation scores) were collected for each study participant. Finally, multitasking data
was analyzed quantitatively using the appropriate statistical tools (Kraushaar & Novak,

2010).

Data Collection
Students who decided to participate in the study were assigned computers in the lab
that had the monitoring software tool installed on them. Those students used the same

computer for the entire semester. All machines were assigned an identification number.
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The researcher, through the cooperating instructor, monitored the students’ multitasking
behaviors throughout a limited period of time during the academic semester and
quantified their multitasking activity in terms of frequency of multitasking during class.
Multitasking behavior data were collected based on actual information directly from a
monitoring software tool that ran on students’ computers. Academic performance data
were collected for each study participant from the cooperating instructor’s academic
records system. Student performance data consisted of midterm and final evaluation

Scores.

Data Analysis

Data analysis focused on the predictor variable, which was the frequency of
distractive multitasking during class. This multitasking metric is objective and computer-
centric. It is objective because it is based on actual usage patterns and is computer-
centric because this study considers computer-based multitasking with only a single
device (computer). Quantitative measures of the frequency of multitasking were
collected during 10 weeks of the academic semester, and these were based on actual
student usage as reported by activity-monitoring software installed on students’
computers.

During the measurement process, each active window was classified as either
productive or distractive. Active windows that were related to the course material were
classified as productive, while active windows not related to the course material were
classified as distractive. The distractive windows were further subdivided into four

subcategories: surfing and entertainment (e.g., non-course-related web-surfing, online
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searching, Facebook, games), email (e.g., web-based email applications, Gmail,
Outlook), PC operations in general (e.g., Windows Explorer, system software), and
academic activities associated with other classes (Kraushaar & Novak, 2010).

The researcher then correlated the aggregated value of the distracting multitasking
behaviors of the students for all the distracting multitasking subcategories with their
academic performance (midterm and final evaluation scores). The results of these
correlations determined the effects of distractive multitasking on learning performance in

the classroom.

Statistical Analysis

In this study the researcher collected quantitative data as a means to address the
research question. A quantitative data analysis, using Pearson correlation coefficients (r),
was conducted to identify the relationship between the multitasking construct (frequency
of distractive multitasking), including all four of the distracting multitasking
subcategories, and the students’ academic performance (midterm and final evaluation
scores). To determine the effect of distractive multitasking on academic performance, the
researcher also conducted a two-tailed test of significance of the correlation, using a

significance level of p < 0.05.

Materials and Apparatus
The materials and apparatus that were needed for this study included the following:
e The Activity Monitor™ package, which is software for monitoring the

multitasking activity of students and is available from SoftActivity. This software
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allowed remote computer monitoring and keylogger recording in real time as well
as allowed the researcher to view and record Internet activity and trace all
programs started and run by the students.

e The hardware consisted of the lab desktop computers provided by the School of

Engineering at the Instituto Tecnoldgico Autdnomo de México (ITAM).

Resource Requirements

The resources required to conduct this research were as follows:

e Access to activity monitor software was crucial to the successful completion of
the research. This software is difficult to develop, and commercial versions are
expensive. Its cost is estimated at $1,050 for a 50-computer educational license.
The company SoftActivity graciously facilitated access to the activity monitor
software tool at no cost for this study. The researcher acknowledges the support
of the company SoftActivity to this research.

e Statistical tools are a major component of analyzing the data. Two statistical
packages were evaluated for their applicability to the study: SPSS and Microsoft
Excel with statistical functions. Microsoft Excel software was used to conduct

the statistical analyses required in this study.

Chapter Summary
This chapter presented the methodology that was used in this non-experimental,
correlational study. The chapter began with an overview of the study design, which was

followed by a discussion of the selection of the participants and the setting. Then the
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research question and hypothesis, including how they were addressed, were presented,
followed by a description of the step-by-step procedures that were used in the study,
including the procedures and testing environment. The chapter concluded with a
discussion of how the data were collected and statistically analyzed. Specifically,
Pearson correlation coefficients were used to show the relationship between the criterion

and predictor variables.
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Chapter 4

Results

This chapter presents the results of the analysis of the effects of distractive
multitasking, related to computer work, on students’ attention and academic performance
and is organized into four sections. The first section contains the data generation,
collection, and analysis and includes a detailed presentation of how the researcher (a)
obtained and collected the data, (b) quantified the frequency of distractive multitasking
during class, and (c) determined the correlation between distractive multitasking and
academic performance. The second provides the results for both distractive multitasking
and correlation. The third section presents qualitative observations made by the
researcher, based on his attending two weeks of classes during the study, and the fourth
includes the results in regard to how multitasking affects student outcomes and whether

the study hypothesis was supported.

Data Generation, Collection, and Analysis

For the purpose of this study, a convenience sample of 53 undergraduate students
enrolled in the Department of Computer Science in the School of Engineering at the
Instituto Tecnoldgico Autdnomo de México (ITAM), a private university located in
Mexico City and one of the nation’s leading institutions of higher education, was utilized.
The original sample contained 64 students, but nine students were removed from the
study and the data of two had missing responses, bringing the sample down to 53.

Specifically, seven students decided not to participate in the study and signed the
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appropriate form to indicate this decision, and two students did not sign the form, and,
thus, it was assumed that they did not want to participate in the study. As noted, two
other students had missing responses, as seen in the data-cleaning process performed to
improve data quality, and, thus, their data were removed. The remaining 53 students
signed the appropriate form, indicating their consent to participate.

A non-experimental, correlational design was used to examine the relationship
between distractive multitasking activity on students’ attention and academic
performance in a classroom setting. Because this study examines the relationship and
potential causality between two variables, it can be considered exploratory research (Gay
et al., 2011). The research question that guided the study was, “Is there a correlation
between the frequency of distractive multitasking and academic performance (midterm
and final evaluation scores)?” The predictor variable was frequency of distractive
multitasking during class, while the criterion variable was academic performance, as
measured by the midterm and final evaluation scores.

For the purpose of this study, the frequency of distractive multitasking during class is
the average number of distractive windows as related to four specific distractive
categories: surfing and entertainment (e.g., non-course-related web-surfing, online
searching, Facebook, games), email (e.g., web-based email applications, Gmail,
Outlook), PC operations in general (e.g., Windows Explorer, system software), and
academic activities associated with other classes. The greater the generation of these
active windows, the higher the frequency of distractive multitasking.

The MTrrequency formula is used to measure the frequency of distractive multitasking

behavior. Specifically, MTrrequency IS the total number of active distractive windows
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generated by the student divided by the number of lectures scrutinized by the monitoring
system (Kraushaar & Novak, 2010). The formula is as follows:

MT Frequency = Mean of active windows during N lecture sessions

Students with higher MTrrequency €ngaged in more frequent multitasking during the
lectures than did students with lower MTrrequency. The researcher calculated each
student’s MTrrequency fOr the distractive multitasking category, which included all four
subcategories of distractive activity: surfing and entertainment, email, PC operations in
general, and academic activities associated with other classes.

The researcher independently examined the relationship between distractive
multitasking activity on students’ attention and academic performance for two sets of
class sessions during the semester and, as such, collected multitasking data for these two
sets of class sessions. The first set of class sessions occurred right before the mid-term
exam and consisted of four weeks of classes (Period A). The second set of class sessions

occurred right before the final exam and consisted of six weeks of classes (Period B;

Figure 3).
Period A Period B
< » Mid- < » Final
Term Exam
4 Weeks (8 Classes) Exam 6 Weeks (11 Classes)

Figure 3. Time periods for study of multitasking.

To quantify the frequency of distractive multitasking, the researcher analyzed each
active window, using the image of the screen shot stored in the log file of the monitoring
system to determine whether it corresponded to a productive or distractive task. This was

a screen shot of what the student was focusing on at that precise moment or the one
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currently waiting for and/or receiving mouse and keyboard input. Appendix C shows
examples of screen shots that illustrate both a productive and distractive task. The
analysis of each screen shot was a detailed and time-demanding task, as it involved
quantifying multitasking data for 53 students collected over 10 weeks and 19 lectures in
total, which meant about 1,000 data blocks per student per lecture. The researcher, along
with two students hired to assist with the data coding, analyzed the screen shots.

To minimize the coder’s subjective interpretation of the screen shot and to maintain
intra-coder reliability (stability), the researcher ensured that the same coder analyzed the
data, in this case, the screen shots, in the same manner during the coding process by
providing the coder with the instructions seen in the student multitasking activity rubric
included in Table 1. In a similar fashion, to achieve reliable coding among multiple
coders and to maintain inter-coder reliability (reproducibility or investigator
triangulation), the researcher ensured that different coders analyzed the same data (screen
shots) in a consistent manner (Lazar, Feng, & Hochheiser, 2010). The researcher used
data triangulation for four weeks of classes out of the total 10 weeks used to conduct the
study. Two weeks corresponded to Period A and the other two weeks to Period B. The
inter-coder reliability was acceptable, as the percentage agreement was 81%.

As seen in the rubric information in Table 1, an active window denoted a productive
task if it was related to the course material; otherwise, it denoted a distractive task. If the
active window denoted a distractive task, the researcher additionally had to identify to
which of the four subcategories of distractive activity (surfing and entertainment, email,
PC operations in general, and other academic activities associated with other classes) the

distractive task belonged.
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Student Multitasking Activity Rubric Information

Multitasking Category

Application Examples

Productive: Course material-
related windows

Distractive: Non-course
material-related windows

Surfing and
entertainment
Email

PC Operations

Other academic activities

MAPLE, Excel, course portal-related windows (tasks or
activities that are directly related to a primary computing
task associated with the course material)

Tasks or activities for which cognitive resources are used
to process information that is not directly related to the
course material

Non-course-related web-surfing, online searching,
Facebook, games, and so forth

Web-based email applications (Gmail, Hotmail)

Windows Explorer, control panel, command prompt,
locating and/or downloading files, file management,
tuning the computer for better performance

Academic work for other courses

The total number of active windows for both multitasking categories, productive and

distractive, was determined for each student and for each lecture during the two sets of

class sessions, Period A (four weeks) and Period B (six weeks). The number of active

windows for the distractive multitasking category per student and lecture was classified

into one of the four subcategories of distractive multitasking (surfing and entertainment,

email, PC operations in general, and academic activities associated with other classes).

The total number of active windows for both multitasking categories, productive and

distractive, represents the number of times that the student shifted from one task to the

next during the corresponding class session.
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As noted, MTrrequency fOr the distractive multitasking category was obtained by
dividing the total number of active distractive windows generated by the student during
Period A or Period B by the number of lectures that are scrutinized by the monitoring
system during each time period. The researcher calculated, for each student, the average
number of active windows during n lecture sessions (MT rrequency) for the overall
productive multitasking and overall distractive multitasking category, which
encompassed all four subcategories of computing distractive tasks and for each one of the
subcategories of distractive multitasking.

It is important to note that only the frequency of overall distractive multitasking was
used for calculating the correlation with academic performance. The mean (Average
function) and standard deviation (STDEV.P function) calculations were performed using
Excel. A sample of this descriptive data is presented in Appendix B.

This study used Pearson correlation coefficients (r) to determine the relationship
between the frequency of distractive multitasking and academic performance at the .05
level (95% confidence level). The researcher used Excel as the statistical tool to
automate this part of the calculation process. The correlation variables are presented in
Table 2. The significance of the relationship was assessed after the Pearson coefficient

(r) was obtained.
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Table 2

Correlation Variables

Period A (8 Class Sessions) Period B (11 Class Sessions)
Predictor Variable  Criterion Variable Predictor Variable  Criterion Variable
MTFrequencyl M|d'term Exam‘l MTFrequencyl Flnal Exam'l
MTFrequency2 Mid'term Exam-2 MTFrequency2 Final Exam'2
MTFrequencyn Mid-tel’m Exam‘n MTFrequencyn Final Exam‘n
MTFrequency53 Mid'Term Exam'53 MTFrequency53 Final Exam‘53

b

Note. A sequence of rows for the rest of the students is indicated by . . .’

Frequency of Multitasking and Correlation Results

Table 3 presents the results of a descriptive analysis of the frequency of multitasking
behavior (MTrrequency) by multitasking category for the first set of class sessions, Period
A, which occurred before the midterm exam and lasted four weeks (Kraushaar & Novak,

2010).
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Table 3

Analysis of MTrrequency by Software Multitasking Category (Period A)

Mean MTrrequency Minimum  Maximum

Multitasking Category MTrrequency  Std. Dev.  MTrrequency MTFrequency
Overall (Productive + Distractive) 71.3 27.8 16 175
Productive 48.7 21.8 3 152
Distractive 22.6 10.9 3 59.6
Surfing and entertainment 4.1 4.2 0 19.4
Email 1.7 2.8 0 14.1
PC operations 14.1 5.3 3 21.7
Other academic activities 2.7 5.1 0 26

Students generated 71.3 active windows, in total, for productive and distractive
multitasking per lecture on average. On average, however, students generated fewer
distractive windows (22.6) per lecture than productive windows (48.7). Only 32% of the
total active windows can be categorized as distractive. The distractive multitasking
category is further classified into surfing and entertainment, email, PC operations, and
other academic activities categories, for which the means of the frequency of distractive
multitasking (M Trrequency) Were 4.1, 1.7, 14.1, and 2.7 active windows per lecture, on
average, respectively (Kraushaar & Novak, 2010).

There was one student who generated as many as 175 active windows in total for
productive and distractive multitasking per lecture. This means that this student shifted

175 times from one task to another during a specific lecture, denoting a high degree of
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multitasking. On the other end of the spectrum, there was a student who generated only
16 active windows per lecture.

There also was divergence in the frequency of productive and distractive multitasking
(MTerequency). One student generated as many 152 productive active windows per lecture,
while another generated only three productive active windows per lecture. In a similar
fashion, one student had a frequency of distractive multitasking (M Trrequency) Of 59.6
active windows per lecture, while another had a frequency of distractive multitasking
(MTerequency) OF only three active windows per lecture.

Table 4 presents the results of a descriptive analysis of the frequency of multitasking
behavior (MTrrequency) by multitasking category for the second set of class sessions,
Period B, which occurred before the final exam and lasted six weeks (Kraushaar &
Novak, 2010).

Table 4

Analysis of MTrrequency by Software Multitasking Category (Period B)

Mean MTrrequency Minimum  Maximum

Multitasking Category MTrrequency  Std. Dev.  MTrrequency MTFrequency
Overall 115.8 335 62.8 215
Productive 85.2 24.2 40.7 179
Distractive 30.6 14.3 12.8 80.3
Surfing and entertainment 7.2 9.3 0.1 54.8
Email 2.9 4.5 0 27.2
PC operations 17.8 6.7 7 35

Other academic activities 2.7 2.2 0 9.9
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Students generated 115.8 active windows, in total, for productive and distractive
multitasking per lecture, on average. On average, however, students generated fewer
distractive windows (30.6) per lecture than productive windows (85.2). Only 26% of the
total active windows can be categorized as distractive, a lower percentage than occurred
during Period A. The distractive multitasking category is further classified into surfing
and entertainment, email, PC operations, and other academic activities categories, for
which the mean frequency of distractive multitasking (M T erequency) incurred by the
students were 7.2, 2.9, 17.8, and 2.7 active windows per lecture on average, respectively
(Kraushaar & Novak, 2010).

One student generated as many as 215 active windows in total for productive and
distractive multitasking per lecture. This means that this student shifted 215 times from
one task to another during a specific lecture, denoting a high degree of multitasking.
However, another student generated only 62.8 active windows per lecture.

There also was divergence in the frequency for productive and distractive
multitasking (MTrrequency). One student generated as many 179 productive active
windows per lecture, while another generated only 40.7 productive active windows per
lecture. In a similar fashion, one student had a frequency of distractive multitasking
(MTFrrequency) Of 80.3 active windows per lecture, while another student had a frequency of
only 12.8 active windows per lecture.

The Pearson correlation coefficients (r) between the frequency of distractive
multitasking (M TFrrequency) and academic performance at the midterm exam (Period A)
was r =-0.123, while that at the final exam (Period B) was r = 0.015. Neither correlation

was significant.
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The results did not support the hypothesis, “There will be a negative correlation
between academic performance (midterm and final evaluation scores) and frequency of
distractive multitasking.” In other words, the hypothesis that more distraction from in-
class multitasking, using a computer, leads to lower academic achievement was not

supported.

Observations of Class Sessions

Although the design of this study does not include a formal collection of qualitative
data, the researcher engaged in some qualitative observations when attending class
sessions during two weeks of the semester. The course, Computational Tools and
Algorithms, was taught in a traditional lab-style classroom that included desktop
computers, connected via a wired network, and met twice a week for an hour-and-a-half
over an 18-week semester. The classroom also included a computer for the instructor and
a projection system connected to a large-screen display.

All students had access to a shared folder in the course portal from which they
downloaded the course material for each lecture. In the first part of the lecture, the
instructor reviewed the previous lecture and explained the theoretical concepts
(declarative knowledge) for the current lecture. To show how to apply these concepts,
the instructor directed the students to use the computational tools to obtain procedural
knowledge to complement the theoretical part of the lecture.

In the second part of the lecture, the students worked individually or in groups with
their computers on specific tasks, such as exercises and problems (procedural

knowledge), which were presented to students as work to be performed during the class
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and as homework outside the class. During the second part of the lecture, the instructor
chose randomly at least one student to go to the front of the class and to use the
instructor’s computer to solve a sample problem, showing the results in the projection
screen. The rest of the students continued to work simultaneously on the same problem
on their assigned lab computer.

The class was interactive; the instructor walked around the classroom most of the
time, asking questions to the students and vice versa. The course also was hands-on, and,
as such, the students had to be attentive to the instructor and follow the problem
resolution by their peers who were in front of the class.

To keep track of the data collected from each machine for a specific student, the
instructor asked the students to always use the same machine throughout the semester.
The researcher saw the instructor’s enforcing the use of the same machine when a student
wanted to switch computers to sit next to a friend. This helped to maintain the veracity of
the data.

The instructor commented to the researcher that the course included a lot of content
for the semester and, thus, needed to be taught at a fast pace, which demanded a high
degree of attention from students so that they did not lag behind. The researcher also
noted that some students did not do homework from class to class, as indicated by their
not knowing how to use Excel functions, which were taught in previous classes.

The researcher observed the students’ multitasking with their cellular phones, but
this type of multitasking was not measured, as this study considered only lab computer-

based multitasking. The instructor continued to encourage the students to work
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individually on the problem, using their assigned lab computer, and not just to copy the
solution that was being developed by a classmate and displayed on the big screen.

The researcher also observed that, when students arrived late to the class, they
struggled to catch up, given the fast pace of the class. This was indicative of the need to

pay continuous attention to the instructor.

Results in the Context of the Research Question and the Hypothesis

This section presents the results as related to the research question and hypothesis.
The research question that guided this study is, “Is there a correlation between the
frequency of distractive multitasking and academic performance (midterm and final
evaluation scores)?” The study was built on hypotheses developed in previous research
(Fried, 2008; Kraushaar & Novak, 2010; Mayer & Moreno, 2003; Wurst et al., 2008) that
shows that multitasking and the unstructured use of computers in the classroom can have
a negative impact on academic performance. The hypothesis for this study, as drawn
from Kraushaar and Novak, is, “There will be a negative correlation between academic
performance (midterm and final evaluation scores) and frequency of distractive
multitasking.” In other words, more distraction from in-class multitasking, using
computers, leads to lower academic achievement.

The quantitative findings in the study showed that there was no statistically
significant relationship between the frequency of distractive multitasking (predictor
variable) and academic performance (criterion variable), as measured by the midterm and
final evaluation scores for both of the time periods (Period A: r =-.123, p > .05; Period

B: r=.15, p >.05). The findings suggest that distractive multitasking did not interfere
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with academic activities under the specific conditions of the classroom setting established

for this exploratory study.

Chapter Summary

The results of the analysis of distractive multitasking and its effect on students’
attention and academic performance were presented in this chapter. Notably, the
researcher tested intra-coder and inter-coder reliability to ensure the validity of research
findings.

To address the research question and hypothesis, the researcher needed to quantify
the frequency of distractive multitasking by identifying and counting the active
distractive windows generated by each student for each set of class sessions and dividing
this number by the number of lectures scrutinized by the monitoring system. The result is
the mean number of distractive windows generated by each student during each set of
class sessions (Period A and Period B) as well as the frequency of distractive
multitasking for Periods A and B. Pearson correlation coefficients (r) were used to
measure the relationship between the frequency of distractive multitasking (M Trrequency)
and academic performance (midterm and final exams) at the o = .05 level for the
distractive software category.

The quantitative findings showed that there was no statistically significant
relationship between the frequency of distractive multitasking (predictor variable) and
academic performance (criterion variable) measured by the midterm and final evaluation
scores. The following chapter provides a discussion of results as related to the literature,

the implications of research, and limitations and future directions.
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Chapter 5

Conclusions, Implications, Recommendations, and Summary

This chapter is organized into four main sections. The first section presents the
conclusions of the study based on the results related to the effects of distractive
computer-based multitasking on students’ attention and academic performance in a
classroom setting as well as provides an explanation of how the goal of the study was
achieved and its strengths, weaknesses, and limitations. The second section provides the
implications of the study’s findings as well as the contribution of the study to our
understanding of the impact of multitasking on learning. The third section contains
recommendations for further research and professional practice. Finally, the fourth
section presents a summary of the study, including the problem statement and goal,
research question and hypothesis, methodology, key findings, implications, and

recommendations.

Conclusions
Goal of the Study and Results

Research has shown the negative impacts of distractive multitasking on academic
performance (Bowman et al., 2010; Ellis et al., 2010; Sana et al., 2013; Wood et al.,
2012). Thus, the main goal of this study was to examine the effects of distractive
multitasking on academic performance when university students used computers while
attending real-time classroom lectures. This was accomplished by extending Kraushaar

and Novak’s (2010) research on the effects of distractive computer-based multitasking,
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via a single-information technology platform (a computer device) and in a specific period
of time, on learning outcomes in a classroom setting.

To examine the goal, the researcher identified and measured different instances of
distractive multitasking engaged in by the students in the classroom. Typical scenarios of
distractive multitasking involved students’ engaging in surfing to find entertainment,
emailing, online searching, and other non-course-related activities. Multitasking
behavior was conceptualized and measured in terms of the frequency of such
multitasking. The researcher, using monitoring software, recorded the windows/page
names for each software application that was running on the students’ computers. These
application windows were considered productive or distractive according to whether they
were related to the course materials. The frequency of distractive multitasking was
measured by determining the average number of distractive application windows that had
the focus of a student during the lectures (active windows). Based on the frequency of
the distractive multitasking, the researcher evaluated the impact of distractive
multitasking behavior on academic performance. For the purpose of this study, academic
performance was operationalized as the midterm and final evaluation scores.

The study was built on previous research (Fried, 2008; Kraushaar & Novak, 2010;
Mayer & Moreno, 2003; Waurst et al., 2008) that has shown that multitasking and the
unstructured use of computers in the classroom can have a negative impact on academic
performance. The hypothesis for this study, as drawn from Kraushaar and Novak (2010),
is: “There will be a negative correlation between academic performance (midterm and

final evaluation scores) and frequency of distractive multitasking.” In other words, more
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distraction from in-class multitasking using computers leads to lower academic
achievement.

The results did not support the hypothesis that distractive computer-based
multitasking can have a negative impact on academic performance. Specifically, the
results show that, under the conditions of this study, students generated less distractive
multitasking than productive multitasking. As such, they did not become as distracted as
was hypothesized. Further, students who multitasked frequently during the lecture
lessened the negative performance impact of distractive multitasking by engaging more
frequently with tasks associated with the course material (productive multitasking).
Productive multitasking might have acted as “good multitasking,” compensating for the
negative impact of distractive multitasking (“bad multitasking”). The smaller percentage
of distractive windows seen in the study results may be due to the fact that the course
included a lot of content for the semester, which, thus, needed to be taught at a relatively
fast pace. This demanded a high degree of attention from students so that they did not
fall behind.

The course was highly interactive, and the instructor frequently walked around the
classroom, posing questions to the students and observing how much progress they were
making. This instructor’s teaching practice discouraged students from engaging in
distractive computer-based multitasking, and, thus, they would tend to generate fewer
distractive windows. Finally, students may have studied outside of class before each
exam, which would have compensated for any potential negative performance impact of

distractive multitasking.
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Strengths, Weaknesses, and Limitations of the Study

Most of the studies on the effects of multitasking in the classroom setting have
methodological issues related to their being based on self-report surveys or anecdotal
descriptions, which may not provide an accurate or valid measure of the frequency or
nature of distractive multitasking, particularly because students may tend to underreport
the frequency of distractive software usage (Fried, 2008; Wood et al., 2012). Thus, a
strength of this study is that it provided a more reliable measure of the association
between distractive multitasking and academic performance through its being situated
within an authentic, formal learning setting (classroom) and measuring multitasking
behavior based on real-time information from a monitoring software tool that ran on
students’ computers.

In addition, many studies have relied on GPA as a single measure of academic
performance, which does not reflect the performance in the class whose material is being
studied. The current study used midterm and final evaluation scores as the student
academic performance data, which also can be considered one of the study’s strengths. A
final strength of this study is its measurement of multitasking behavior on a longer-term
basis, over the course of a semester, and not only during a few lectures or over a short
period of time.

This study also had several limitations. One limitation concerns its small sample size
(53 participants) and the use of a convenience sample that included students in only one
course. A larger sample size, which includes students in more than one course, would
have had more statistical power and, thus, would have provided a greater opportunity to

yield statistically significant results.
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A second limitation concerns the novelty effect, which occurs when research
participants respond to a novel situation differently in the context of a study than they
would in the real world (Gravetter & Forzano, 2011). It is possible that some of the
students who participated in the proposed study had altered their multitasking behavior in
some way, given that they knew that they were being monitored. Research also has
shown that, over time, as the novelty wears off, the behavioral response returns to a
natural one. Nevertheless, the design of the study minimized the impact of the novelty
effect, as the measurements were taken over the course of a semester.

A third limitation is that the role of smartphones and other digital devices (e.g.,
tablets) in distractive multitasking was not considered, as this study was limited to a
single source of computer-based multitasking (a computer). A final limitation of this
study is that it was correlational, and, as such, no causality regarding the effects of

distractive computer-based multitasking on academic performance can be inferred.

Implications of the Study

The course used in this study was hands-on and interactive, requiring students to be
very attentive to the instructor’s explanation of the theoretical concepts (declarative
knowledge) and to the resolution of the practical problems discussed in class (procedural
knowledge), for which the computer was an essential tool for learning. This implies that
courses with more procedural knowledge content might encourage less distractive
computer-based multitasking during the lecture when the computer is an essential

instrument for acquiring that procedural knowledge.
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Students who multitask frequently during the lecture lessen the negative performance
impact potentially caused by distractive multitasking by engaging more frequently with
tasks associated with the course material (productive multitasking). This implies, as
noted earlier, that productive multitasking might act as “good multitasking,”

compensating for the negative impact of distractive multitasking (“bad multitasking”).

Recommendations
Recommendations for Further Research

Based on the results and limitations of this study, several recommendations for
further research can be made. This study was limited to a single source of computer-
based multitasking (a computer device). Thus, the impact of multitasking on learning,
using other technology platforms (e.g., smartphones, tablets), is needed.

In addition, the study sample was small and limited to students in one course. Further
research should use a larger sample to ensure greater statistical power for subsequent
analysis as well as a more diverse sample, in terms of race/ethnicity, gender, income, and
academic institution, to increase the generalizability of the findings.

This study treated multitasking and the use of technologies mainly as distracting
tasks. Thus, further research could examine the effect of the use of technologies for tasks
related to the course material (productive tasks) on learning and how they affect the
overall multitasking context when both distractive and productive tasks are present.

Considering that courses with a different mix of declarative and procedural
knowledge might produce different results, it would be useful to future researchers to

consider courses with a variety of mixes to learn more how this affects distractive
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multitasking on learning. Finally, as noted, it may be that students who multitask
frequently during the lecture can compensate for the potential negative performance
impact by studying outside of class. Future researchers could investigate this by
including quizzes after each lecture (i.e., immediate learning) to determine the in-the-
moment impact of distractive multitasking.
Recommendations for Professional Practice

Based on the results of this study, recommendations for professional practice can be
made. Research on the performance consequences of computer-based multitasking can
be used to inform educators, practitioners, and policymakers in regard to optimal
management of computer use in the classroom. Nevertheless, in courses for which
technology is not necessary for learning, educators may want to discourage laptop or

smartphone use in the classroom.

Summary of the Study

There is limited research on the impact of multitasking, using computers and other
peripheral computing devices, on educational outcomes (Igbal et al., 2011; Junco &
Cotton, 2011). Existing studies rely on self-reported perceptions or anecdotal
descriptions of use, which may not reflect an actual multitasking scenario, and students
usually tend to underreport their multitasking activities (Fried, 2008).

The main goal of this study was to examine the effects of distractive multitasking on
academic performance when university students used computers during classroom
lectures. To this end, a methodology and data collection process similar to that of

Kraushaar and Novak (2010) was applied, but with different types of participants, age
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groups, races/ethnicities, and locations. The study used an experimental course with a
mix of declarative and procedural knowledge, which is different from the mix used by
Kraushaar and Novak.

The researcher identified and measured different instances of distractive
multitasking engaged in by the students in the classroom. Typical scenarios of distractive
multitasking involved students’ engaging in surfing to find entertainment, emailing,
online searching, and other non-course-related activities. Multitasking behavior was
conceptualized and measured in terms of the frequency of such multitasking. The
researcher, using monitoring software, recorded the windows/page names for each
software application that was running on the students’ computers. These application
windows were considered productive or distractive according to whether they were
related to the course materials. The researcher measured the frequency of distractive
multitasking by determining the average number of distractive application windows that
had the focus of a student during the lectures (active windows). Based on the frequency
of the distractive multitasking, the researcher evaluated the impact of distractive
multitasking behavior on academic performance. For the purpose of this study, academic
performance was operationalized as the midterm and final evaluation scores.

The research question that guided this study is: “Is there a correlation between the
frequency of distractive multitasking and academic performance (midterm and final
evaluation scores)?” and the hypothesis, as drawn from Kraushaar and Novak (2010), is:
“There will be a negative correlation between academic performance (midterm and final

evaluation scores) and frequency of distractive multitasking.”



73

For this study, a convenience sample of 53 undergraduate students enrolled in the
Department of Computer Science in the School of Engineering at the Instituto
Tecnoldgico Autonomo de México (ITAM), a private university located in Mexico City
and one of the nation’s leading institutions of higher education, was utilized. The course
was taught in a traditional lab-style classroom that included a computer and projection
system connected to a large-screen display, and students met twice a week for an hour-
and-a-half over an 18-week semester. Students in the class used lab desktop computers
provided by the school, connected via a wired network, which allowed them to work in
groups of two to three to review the materials to be submitted to the instructor and to
develop tasks for a group project to be presented at the end of the semester.

This study used a correlational research design with the aim to examine the
relationship and potential causality between two variables, which classifies the study as
exploratory research. The predictor variable is frequency of distractive multitasking
during class. For the purpose of this study, the frequency of distractive multitasking
during class is the average number of distractive windows as related to four specific
distractive categories: surfing and entertainment (e.g., non-course-related web-surfing,
online searching, Facebook, games), email (e.g., web-based email applications, Gmail,
Outlook), PC operations in general (e.g., Windows Explorer, system software), and
academic activities associated with other classes. The criterion variable is academic
performance measured by the midterm and final evaluation scores. This study used a
monitoring system to capture data that reflected actual multitasking behaviors from

students who used computers while attending real-time classroom lectures.
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The researcher independently examined the relationship between distractive
multitasking activity on students’ attention and academic performance for two sets of
class sessions during the semester and, as such, collected multitasking data for these two
sets of class sessions. The first set of class sessions occurred right before the mid-term
exam and consisted of four weeks of classes. The second set of class sessions occurred
right before the final exam and consisted of six weeks of classes.

Pearson correlation coefficients were generated to determine the relationship between
the frequency of distractive multitasking and academic performance but found no
statistically significant relationship. As such, the results did not support the hypothesis
that distractive computer-based multitasking can have a negative impact on academic
performance. Specifically, the results show that, in this study, an average student
generates less distractive multitasking than productive multitasking and, thus, did not
become as distracted as was hypothesized.

The results can be understood in view of certain considerations. The course used for
this exploratory research was hands-on and interactive, requiring students to be very
attentive to the instructor’s explanation of theoretical concepts (declarative knowledge)
and the resolution of the practical problems discussed in class (procedural knowledge) for
which the computer was an essential tool for learning. In addition, due to the large
course content, it had to be taught at a relatively fast pace, which demanded a high degree
of attention from the students so that they did not fall behind. Further, the instructor’s
practice of walking around the class and interacting with the students discouraged them

from getting distracted. Finally, students may have studied outside of class before each
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exam, which would have compensated for any potential negative performance impact of
distractive multitasking.

The results suggest that students who multitask frequently during the lecture lessen
the negative performance impact potentially caused by the distractive multitasking by
engaging more frequently with tasks associated to the course material (productive
multitasking). It appears that productive multitasking acts as “good multitasking,”
compensating for the negative impact of distractive multitasking (“bad multitasking”).
This highlights the importance of the mix of declarative and procedural knowledge in the
course as related to the effects of multitasking. Courses with different mixes of
declarative and procedural knowledge might produce different results in terms of the
impact of distractive multitasking on learning (Kraushaar & Novak, 2010).

Recommendations for further research and for professional practice were made.
Future researchers should (a) consider on the impact of multitasking on learning, using
other technology platforms (e.g., smartphones, tablets); (b) use a larger sample to ensure
greater statistical power for subsequent analysis as well as a more diverse sample, in
terms of race/ethnicity, gender, income, and academic institution, to increase the
generalizability of the findings; (c) explore the effect of the use of technologies for tasks
related to the course material (productive tasks) on learning and how they affect the
overall multitasking context when both distractive and productive tasks are present; (d)
examine the effect of experimental courses with a variety of mixes of declarative and
procedural knowledge to learn more how this affects distractive multitasking on learning;
and (e) include quizzes after each lecture (i.e., immediate learning) to determine the in-

the-moment impact of distractive multitasking.



76

Regarding professional practice, it was recommended that (a) research on the
performance consequences of computer-based multitasking be used to inform educators,
practitioners, and policymakers in regard to optimal management of computer use in the
classroom; and (b) for courses for which technology is not necessary for learning, laptop

or smartphone use in the classroom be discouraged.
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Research Study Approval Letter

I

INSTITUTO TECNOLOGICO AUTONOMO DE MEXICO

Fundado en 1946.

Mexico City, January 12th, 2015

Mr. Jaime Puente

PhD Candidate _
Mova Southeastern University
Fort Lauderdale, USA

Dear Jaime Puente

This is to confirm that in the context of your doctoral thesis dissertation titled "Examining
the Effects of Distractive Multitasking with Peripheral Computing in the Classroom”, | have
authorized professor Angelica Sulvaran Veldzquez to anonymously survey the students in
her course COM16301 “Computational Tocls and Algorithms” to gather information about
multitasking in the personal computers during lecture time.

Students will be invited to participate voluntarily and knowingly in the experimentation.
Data will be gathered anonymously and there will be no implications on the students’
performance in the course.

The data gathered by means of a software monitoring tool will be at your disposal for your
thesis work.

-,

Dr. VictorWanuel Gonzalez y Gonzalez
Professor and Head of the Department of Computing Science
Instituto Tecnolégico Auténomo de México

Sincerely,

RIO HONDO No. 1 COL. PROGRESO TIZAFPAN C.P. 01080 MEXICO, D.F. TEL.: 5628-4000
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Appendix B

Partial Worksheet to Illustrate Calculation of MTFrequency

Period A

Wweek 3 Week 4 Week 5 Week 6
Multitasking MT Midterm
Student Name Machine No. Category Feb24 | Feb26 Mar 3 Mar 5 Marl0 Marl2 Marl7 Mar19 Frequency STDEVP Exam
Student X 33 Overall 43 61 73 75 77 147 185 230 111.38 63.20 65.00
Productive 14 40 26 37 51 50 160 137 64.38 50.20
Distractive 29 21 47 38 26 97 25 93 47.00 28.77
Surfing and
entertainment 3 2 ] 3 3 19 2 3 5.13 5.37
Email 7 10 20 22 13 18 8 15 14.13 5.23
PC operations 5 7 21 9 10 16 15 32 14.38 8.28
Other academic
acti 14 2 o 4 o 44 0 43 13.38 17.92
Period B
Week 8 Week 9 Week 10 Week 11 Week 12 Week 13
Multitasking MT Final
Student Name Machine No. Category Apr7 Aprg Aprid4 Aprle Apr2l Apr23 Apr28 Apr3o May 7 May12 May14 Freguency STDEVP Exam
Student X 33 Qverall 173 135 131 216 189 145 238 239 283 304 230 212.09 5142 87.00
Productive 104 109 67 140 96 79 205 168 180 129 173 131.82 42.99
Distractive 69 76 64 76 93 66 33 7 103 175 57 80.27 34.57
Surfing and
entertainment 13 13 0 16 30 14 9 32 38 85 18 24.36 21.86
Email 21 40 22 19 30 31 9 16 49 49 13 27.18 13.24
PC operations 22 21 17 16 10 6 15 23 16 35 26 18.82 7.52

Other academic
activities 13 2 25 25 23 15 o 0 0 6 o 9.91 10.15
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Appendix C

Examples of Screen Shots Stored in the Log File of the Monitoring System
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