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ABSTRACT KEYWORDS

This meta-analysis compared the educational impact of the method of Notetaking; laptop;
notetaking in the college classroom - hand written or using electronic handwriting; retention;
device. The findings involvedIEmSINEIE® combining 3,075 participants  distraction; instructional
demonstrated that using electronic notetaking methods reduced measured ~ Strategies

outcomes (average r = —.142). Using the Binomial Effect Size Display, results

indicated a decline of 25% of students scoring below the mean when

electronic devices when compared to using handwritten notetaking. The

study considers explanations for the decline and makes recommendations

about the use of technology for notetaking in the classroom as well as

paths for practical and pedagogical implications.

Notetaking' occurs in a variety of contexts for a number of educational purposes (Piolat et al., 2005), and
many collegiate classrooms highlight observable and prevalent notetaking behaviors. The ability to create
an organized system of notes based on a presentation becomes paramount for learners. The product of
notetaking offers a means of creating a record of the lecture or discussion. Often learners then turn to
created notes to recall knowledge or to assimilate and improve knowledge retention. The notetaking task
during a presentation appears straightforward. Notetaking engages the learner to select and produce
a written record of relevant information in a format that triggers recognition of shared content for
reference, review, and analysis. The ability to create an organized system of notes based on an oral and/or
visual presentation describes a task that should improve learning. The product and action simultaneously
permit learners to examine and store information for short- and long-term memories. The inclusion of
notetaking by a message receiver operates as a part of understanding the development of effective
listening skills. Most often communication research in education focuses on the message sender rather
than on how the message receiver listens and processes the message sent by the communicator. This
perspective reflects the normal message sender bias in much of communication research. The focus on
notetaking highlights the message receiver.

This study compares two methods of notetaking on educational outcomes: (a) longhand and (b)
electronic. Each notetaking method considers potential issues facing how students attempt to store,
recall, and review information shared by instructors. Notetaking represents an intracell communica-
tion aspect in the instructional process of learning that is capable of modification and improvement.
The involvement of the instructor in generating appropriate models and procedures for relevant
notetaking remains an underdeveloped and underexplored part of the process. The purpose of this
meta-analytic review is to determine what effect method of notetaking has on learning outcomes in
the college classroom.
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Notetaking

Published research about the effectiveness of notetaking in the classroom date back to the early
twentiethth century (Crawford, 1925). The impacts and limitations of notetaking represent an area
subjected to a number of meta-analyses (Henk & Stahl, 1985; Kobayashi, 2005, 2006). Reed et al.
(2016) meta-analysis pointed out improvements in notetaking through intervention and training.
Another meta-analysis’ findings indicated that providing advanced organizers to guide the process of
notes linked to the structure of the lecture improved educational outcomes (Preiss & Gayle, 2006).
However, few studies investigate the most effective method for notetaking.

Methods of notetaking

Longhand notetaking primarily occurs as a physical activity of handwriting notes. However, the
advancement of easily accessible technology and affordability of laptop computers (referred to as
laptops), smartphones, iPads, etc., introduced a new form of notetaking to the college classroom -
electronic notetaking (Fried, 2008; Ravizza et al., 2016). With the integration of laptop (or other
electronic devices)” longhand notes are commonly replaced with laptop notetaking. For example, the
laptop notetaker can move blocks of text around, insert text, add comments, adjust font sizes, colors,
styles, and create alternative formats as well as outline a number of options in the document
(including inserting hyperlinks). Additionally, given the development of various electronic or cloud-
based storage options, losing the notes is less likely and more likely to create an easier means of
preserving the record and including additional material. Moreover, other laptop notetaking features
permit inclusion and annotation of pictures, video, and other materials as well as the ability to edit as
necessary. Digital links to hypertext to external materials permit the link to access to more material
to define or highlight elements of the notes. Laptop notes, theoretically, create an advantage for
notetaking permitting easy reorganization, restructuring, and sharing.

To write or type

The fundamental question still remains which notetaking method, longhand notetaking by use of
writing utensil (e.g., pen, pencil) or laptop device (e.g., computer, tablet, smartphone) represents an
improvement for student learning, and in turn may offer better educational outcomes. Essentially,
the notetaking activity represents a muscle memory that the mind performs without much concen-
tration (Stewart, 1989). Stewart suggested that the amount of cognitive load devoted to the effort of
writing occurs with minimal effort. Distractions exist in the learning environment (e.g., lighting) or
individually (e.g., working on a different assignment). As such, the assumption associated with the
longhand method is that it minimizes distraction. The hand-writer need only focus on the message
transference process of writing notes leaving only physical or physiological distractions to interfere
with the transfer of information.

The use of laptop notetaking provides two elements that differ from longhand notetaking: (1)
different motor functions involved and (2) the possibility of multitasking or distraction from the
presentation due to other laptop applications and functions. The motor functions necessary and the
cognitive requirements of the laptop are different and require more intensity than the longhand
written notetaking. The usual process of written longhand notetaking involves rereading and filling
in missing gaps and rewriting, whereas a laptop notetaking involves various reorganization such as
cut and paste that requires minimal additional cognitive work (Jarmon, 2008). The additional recall
or learning that occurs in longhand notes simply takes less time, and the increased efficiency results
in more learning (paying attention to the presentation content as opposed to operating the computer
application). Thus, the argument advances that the method of notetaking using the laptop represents
a less efficient method of taking notes, and consequently generates lower levels of cognitive learning.
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The second element of difference involves the existence of the potential to multitask or distract
using the accompanying features of laptops. The introduction of WiFi and the wireless connections
of electronic devices and combined downloaded applications make devices multifunctional. Students
may become distracted and effectively multitask with laptops during the class, which divides
attention or distracts students. Pop-ups that inform students of new messages or some breaking
news story create an environment full of potential personal distractions. The excess cognitive
capacity of the mind capable of processing at a much faster rate than the speed of the presentation
permits the search for additional stimuli (Chiu et al., 2013). The finding or acceptance of that
additional material may ultimately serve to distract.

The issue over notetaking, particularly with the use of laptops represents a serious concern of college
instructors. One instructor (see McCreary, 2009) talks about banning laptops from the classroom, at
least in some areas or zones. The argument made revolves around the desire of some students to have
a space free of electronic distraction. Students may not be using a device but suffer from distraction
from other students that are using a device linked to some application unrelated to the course. At least
two empirical investigations (see Aguilar-Roca et al., 2012; Sana et al., 2013) supported the effectiveness
of the inclusion of laptop-free zones in a college classroom. For instance, laptops have the potential to
hinder or reduce learning of nearby peers. The result may require a kind of segregated classroom based
on the use of technology and subsequent notetaking practices. Faculty in previous articles reported
implementing bans on device use in the classroom, arguing for a negative consequence on the process of
education. From a practical standpoint, understanding the impact of electronic devices to take notes
may sway instructors to regulate or ban the devices entirely.

The adaptation of technology often calls into question commonplace route processes — that
question the methods behind the processes. Similarly, the set of skills for longhand written and
laptop notetaking operate distinctly and differently, and as such - scholars and educators have
developed inquiries to determine if the pencil or keyboard is mightier for educational outcomes.
Therefore, this investigation conducts a meta-analysis to consider educational outcomes associated
with handwritten versus laptop notetaking for the college classroom.

Methods
Literature search procedure

The literature search started with a search of electronic databases like EBSCO Host (including various
databases such as Educational Resource Information Clearinghouse or ERIC, PsychINFO, Dissertations
and Theses Global, MedLine, Communication and Mass Media Complete). The search used
a combination of keywords: “notetaking in college” and “electronic notetaking,” “handwriting”
“laptop” “mobile phone,” and “computer.” The search was conducted in March of 2020. In addition,
reviews of the literature on notetaking were examined, including various meta-analyses (Henk &
Stahl, 1985; Kobayashi, 2005, 2006; Reed et al., 2016). The development of electronic notetaking
using a laptop is a fairly recent development (less than 20 years). All articles obtained were searched
for additional information in the references section. The search found a total of 144 manuscripts
requiring examination for possible inclusion. Studies were not included for a variety of reasons (e.g.,
including only one form of notetaking, employing qualitative analysis, examining only an interven-
tion or training of some kind).

For this meta-analysis, 2¢IeSHiiaiesINereRnelnges. 1nclusion criteria consisted of empirical study
examining a comparison of notetaking by hand using a writing implement (pencil or pen) recorded
on paper to the taking of notes using an electronic device (most often a laptop computer). The
comparison of the effectiveness involved some measurement of learning (e.g., test, grade) that
involved an evaluation of student ability to meet a learning objective.

Studies examining the perceptions about use of the technology in the classroom (e.g., Baker et al,,
2012), relying on qualitative approaches (e.g., Jeong et al., 2015), student use of technology outside of
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the classroom (e.g., Junco, 2011; Wambaugh, 1991) did not include an appropriate dependent
measure of learning or student perception (e.g., Gehlen-Baum & Weinberger, 2012; Gehlen-Baum
et al., 2014; Wurst et al., 2008) or were unrecoverable from the statistics presents (Quade, 1996).
A complete list of studies and reasons for exclusion is available from the first author.

Coding for potential moderating conditions

Design of investigation

The designs employed either used: experimental designs or surveys. An experimental design
provided a control over the technology. For instance, investigators examined the actual use of
an electronic system for which notes were assigned. Experimental designs were often using
a random assignment to particular conditions. Survey asked the participants about their use of
electronic devices and relied on self-report. For these designs, participants reported on the use of
electronic devices as assigned or self-selected. In these conditions, survey, or self-selected proce-
dures provided more naturalistic design because students report the use of their own recording
technique(s).

Outcome measures

The dependent outcome was one of two measures used: grade or course satisfaction. Grades could
be either for a single exam or for the entire course. The use of self-reports provided a measure of
the instruction satisfaction or the expression of how much a student believes learning took place.

Course content

Examination of the investigations only revealed two groups for classification. One group dealt with
courses in the natural sciences, mathematics, or statistics. The other courses came from either the
social sciences or humanities. The split reflects an underlying belief or assumption about the
“objectivity” of the courses where the natural sciences/statistics grouping would reflect courses
with arguments over answers or material considered more structured when compared to other
parts of the academy.

Level of students
The question of what level of college course becomes of interest. The incoming or entry level of
course may or may not involves advanced level of students with years of experience taking notes in
a college-level course. Examination of the available data indicated three types of course levels in the
data set: entry, advanced, and mixed-level courses. EilfijElevellcoNiSesIaTcIcoImoniyIcnnolisany
L. Upper-class
students may be taking the course to fulfill a general educational requirement but the material,
relative to the discipline of study is considered at the lowest level. The advanced courses were
considered those taken only by students as part of a major and courses related to junior or senior
standing. The mixed classes indicate the expectation that the course would involve both students
beginning and those with experience in college.

Statistical analysis

Statistical analysis proceeded largely using the recommendations of Schmidt and Hunter (2014) for
a random effects meta-analysis using psychometric correction of effects. The procedure has estimates
from each investigation converted to a common metric, in this case the correlation coefficient, and
then each effect corrected for the existence of any artifact or statistical bias (error of measurement,
restriction in range, etc.).

The individual estimates become used to estimate an average effect using the sample size of the
investigation. The average effect generated is then used to assess the variability among the individual
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effects to determine whether or not some additional source of variance may exist among those effects
beyond that expected due to sampling error. A significant chi-square indicates a potential moderator
variable serving a means of explanation for the excess variability in the observed investigations. The
choice of the particular procedure reflects a comparison indicating a general desirability of the
Schmidt and Hunter approach compared to other random effects methods (Anker et al., 2010).

Results
Overall

The overall effect was based on 24 investigations and observed an average negative effect, average
r=—.124 [95% CI, —.092, —.154], k = 24, N = 4,553 based on a homogeneous set of correlations, X2
(23, N = 4553) = 33.11, p > .05. The overall correlation displays an effect that suggests using
electronic forms of notetaking reduce the observed effect. While moderator analysis will be con-
ducted, the overall average was based on a set of studies whose variability represents that expected by
sampling error and therefore no additional source of variability may exist.

Design of investigation

The investigations used two basic types of designs: (a) experimental or manipulations or (b) a survey
of information. The observation for the investigations using an experimental design demonstrated

a negative average effect, average r = — .121[95% CI, -.079, —.163], k = 16, N = 2764 based on
a homogeneous set of correlations, x> (16, N = 2764) = 23.27, p > .05.
The designs using surveys to generate estimates demonstrate a negative correlation, average r = — .129

[95% CI, -.082, —.176], k = 8, N = 1,789 based on a homogeneous set of correlations, x2 (7,N=1,789) =9.98,
p > .05. A comparison of the average effects using a z-test indicates no significant difference between the
average effects based on the type of design employed, p > .05. The available data indicates that the type of
design does not differentiate the findings; the findings are essentially the same regardless of the design
employed by the investigators.

Outcome measure

The only combination with more than three investigations involved using course grade and exams as
measurement. The average effect was negative, average r = — .108 [95% CI, —-.071, —.145], k = 19,
N = 2,805 based on a homogeneous set of correlations, x> (9 = 18, N = 2,805) = 26.99, p > .05. The
outcome measure demonstrates that as students use the electronic forms of notetaking the grade
earned by the student reduces. Using a one-sample t-test, the comparison of this average to the
overall average effect demonstrates no significant difference, p > .05, indicating no difference in the
observed estimates exists.

Discipline of the course

The type of disciplines included broke down into two basic types: natural sciences and statistics and
other disciplines. The average effect was negative for studies that included data from the natural
sciences and statistics, average r = — .165 [95% CI, —-.107, —.223], k = 12, N = 1,119 based on
a heterogeneous set of correlations, X2 (11, N = 1,119) = 20.88, p < .05.

Studies that employed samples outside of the natural sciences and statistics demonstrated
a negative correlation, average r = — .109 [95% CI, —.073, —.145], k = 10, N = 3,289 based on
a homogeneous set of correlations, Xz (9, N = 3,289) = 9.29, p > .05. The results indicate that the use
of electronic notetaking devices reduces the educational outcomes measured when compared to
traditional manual techniques using paper and pencil (pen).
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A comparison of the two average effects indicates a significant difference between the two average
estimates, z = 8.33 p > .05. The difference indicates that taking notes by hand has a larger advantage
considering natural science and statistic course compared to other courses (psychology, education,
communication, etc.).

Notetaking design

The studies used three basic design types for assigning notetaking for students: self-report, experi-
mental assignment, and quasi-experimental design. The self-reports for notetaking procedure report
a negative correlation, average r = — .139 [95% CI, —.089, —.189], k = 7, N = 1,692 based on
a homogeneous set of correlations, x> (6, N = 1,692) = 8.45, p > .05. Studies using experimental
design report a negative correlation, average r = — .084 [95% CI, —.026, —.142], k = 9, N = 1,189,
based on a homogeneous set of correlations, x* (8, N = 1,189) = 11.61, p > .05. Quasi-experimental
designs demonstrate a negative association with use of electronic notetaking, average r = — .150 [95%
CL, -.097, —203], k = 4, N = 1,334, based on a homogeneous set of correlations, Xz 3,
N = 1,334) = 846, p > .05. A one-way ANOVA demonstrates no significant difference existed
among the means using the design to classify, p > .05.

Course level

The level of the course received a code as: entry, advanced, or mixed levels. The entry-level courses
demonstrate a negative association with the use of electronic notetaking and outcome, average
r=—.138 [95% CI, -.089, —.187], k = 6, N = 1,591 based on a homogeneous set of correlations,
x> (6, N = 1,591) = 12.42, p > .05.

Advanced, average r = — .088 [95% CI, —.036, —.140], k = 11, N = 1,530, based on a homogeneous
set of correlations, X2 (13, N = 1,530) = 11.85, p > .05. The advanced courses were courses that
usually were enrolled by juniors or seniors. The average effect was negative, indicating that the
advanced courses demonstrated an association such that use of electronic notetaking devices were
associated with lower course outcomes.

Mixed, average r = — .152 [95% CI, —.098, —.206], k = 5, N = 1,322 based on a homogeneous set of
correlations, x* (4, N = 1,322) = 5.69, p > .05. The correlation indicates that studies combining across
a set of sections using a variety of courses at multiple levels indicates that the use of electronic
devices was associated with a reduce outcome.

A one-way ANOVA procedure used to examine the difference among the means demonstrated
significant difference among the groups, F (2, 14) = 4.37 p > .05. A post hoc analysis of the means
indicates no significant difference (p > .05) between the mixed and beginning level courses.
However, the post hoc indicates significant differences (p < .05) between the advanced average
and the mixed and beginning level courses.

Discussion

The results indicate that students’ taking notes employing longhand written notes scored better on
exams and course grades then students using laptop or electronic systems to take notes. The findings
imply that permitting students to use a laptop or other electronic means of taking notes may result in
less (or lower) learning compared to other means of generating a record of the content discussed
during class time. A comparison of moderators revealed that notetaking by hand demonstrated
a greater advantage in natural science courses and less advantage for advanced level courses. The
reason for this remains unclear, but may have to do with some element of processing related to the
technical and precise information relating to math and formulas and the experience of the student
with college. Essentially, regardless of setting or method, the observed effect indicates a universal
preference in outcome for the use of handwritten notetaking during a course.
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Table 1. BESD examination of average effects considering an average correlation of —.12.

Educational Measure

% Scores Above the Mean % Scores Below the Mean
Electronic Notetaking 56 44
Handwritten Notetaking 44 56

The impact of moving from handwritten to electronic notetaking indicates a decline of 21% of scores
56% to 44% of scores above the mean.

Table 2. Changes in grades related to notetaking method.

F (50) D (60) C (70) B (80) A (90)
Laptop 70 (7%) 240 (24%) 380 (38%) 240 (24%) 70 (7%)
Handwriting 20 (2%) 200 (20%) 370 (37%) 300 (30%) 110 (10%)

Assumes mean score of 75 with standard deviation of 10 and sample of 1000; Laptop students as basis to compare to
handwriting students and effect size of r = —.12 (favoring handwriting notes method).

The size of the average effect r = — .14, might be viewed as small using the procedure of squaring
the average correlation coefficient and regarding a small percentage “variance accounted for” value
1.96%. But as Abelson (1985) pointed out that such small values may have substantial impact,
particularly in situations where the replication of a practice accumulates. Rosenthal (1991) using the
Binomial Effect Size Display, provided in Table 1, indicates that the impact of the choice of
notetaking increases the number of individuals scoring past the mean by 25% for a correlation of
r = — .14. Another view is to examine what happens to a scoring system using grades based on test
scores for 1,000 students compared on the basis of notetaking method displayed in Table 2. The
impact of notetaking method demonstrates a substantial effect that increases the number of A grades
by slightly more than 50%. One of the implications of shifting an average score becomes a more
substantial impact at the tails of a normal distribution, so what might be considered small mean
impacts have greater effects at the extremes of the distribution (in this case F and A grades).

The reason for the distinction still remains a bit unknown. Current data identified the effect of
notetaking choice but not the reason why a difference occurs. If the process of taking notes on an
electronic device requires greater effort and steps, then the current technology inherently provides
a means of notetaking that remains less effective. However, the research does not isolate the
difference due to the process of taking notes. That stated using an electronic device requires
a different cognitive and/or psychomotor response or elements involved in the notetaking process.
The alternative could imply that the result instead becomes associated with multitasking when
a device is linked or permitted to link via some WiFi network. The result is an exposure to
distracting elements involved in using the Internet. For example, the existence of Facebook, instant
messaging, e-mail, and/or other means of distraction reduce the focus on the task in the classroom
and therefore decrease cognitive learning.

Practical implications

The act of using a laptop migrates student focus away from participation and discussion surrounding the
classroom content. Therefore, the learner begins to view classroom activities as something passive and
the discussion background noise to the central focus of what is occurring on the laptop screen. The laptop
computer or mobile phone may simply increase the perception of psychological distance from the
discussion and reduce the sense of immediacy and involvement on the part of the student(s).
Meiediercks (2005) described the darkside of the “laptop” university as one where the normal
assumptions of interaction and engagement in a face-to-face setting become muted. The laptop
provides access to the distraction of Yahoo, Google, Facebook, Twitter, and e-mail. Even when the
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student acts responsibly the focus on the screen means that the instructor(s) are not the center of
attention, the eyes of the student may be on the screen instead. Whether the process involves taking
of notes or some other distraction, the physical focus moves away from the person-to-person
communication typically sought during a small group discussion. Essentially, the distractions end
up working actively to pull the learner away from the current context, instructional communication,
and learning-taking place in the classroom. The ability to make eye contact or the need becomes
reduced, if not simply eliminated — all of which aids the learner to be further removed cognitively
from the instructional experience.

Multitasking

If the reason for the difference relates to the multitasking then the functionality of the device
requires modification. One solution would be to install WiFi suppression systems within the class-
room. Such a system would not permit laptop notetakers to connect to an external server.
Alternatively, designing the course so that the use of the Internet and the laptop plays an essential
role in participation makes the device a vital element of the process as opposed to a distraction in the
process.

Redesigning a course to be laptop inclusive embraces has the potential to be an essential element
of lectures and enhances participation provided the technology reduces distraction. One investiga-
tion (Sung et al., 2016) reported a course design that required participation with constant attention
to a mobile application. The coursework, even in the face-to-face classroom required constant
attention to an electronic device. The creativity of this pedagogical design retools the purpose of
the electronic device to the central learning activities. However, the burden for adapting technology
for the classroom becomes part of the instructor’s responsibility, which has not proven to be fruitful
for technology adaptation for classroom instruction. Many teachers may reject or resist a mandatory
technological change in instruction (Cuban, 1986).

Pedagogical implications

The issue of the inclusion or permitting of laptop electronic devices deserves consideration in
terms of the educational impact. Just because technology exists does not necessarily mean instant
use of or inclusion of the technology provides a benefit to the user or to all settings. The
traditional classroom lecture may not provide the environment that permits effective use of the
laptop. The classroom redesign for the assumption and inclusion of electronic devices, such as
a laptop, creates a demand for the student to use the laptop as a tool within the classroom as part
of the lecture or learning exercises. A redesign could aid in making students unable to effectively
multitask and creates a higher cognitive demand on the student, while reducing the boredom or
lack of capacity.

Cognitive load

A potential alternative is the redesign of the teacher/student interaction. The distributive model
where teachers provide information to the passive student may need to be reconsidered. The average
speed of speaking represents a typical word per minute rate of 190 and the mind is capable of
grasping or thinking in terms of more than 400 words per minute (Kim et al., 2019). The student-
seeking stimulus simply reflects the unused portion of the mental processes and the desire to fill that
portion of the mind. The indictment may not involve an issue of the device but instead the setting in
which the device becomes placed. Student use of applications during lectures represents a lack of
connection or boredom following the course content that leads students to seek additional stimulus
(easily provided via the laptop with a network connection). Mueller and Oppenheimer point to the
need to incorporate electronic devices as part of the classroom experience to increase cognitive focus,
but that students may not have adequate training on the use of the tool.
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May and Elder (2018) point out that the issues of dividing attention and switching attention
should work to lower academic performance. The impact creates a scattered attention results in
deficits of cognitive control and increases the probability of errors (Uncapher et al., 2016). Cognitive
load issues become more complex and difficult if the problems stem from multitasking as opposed to
a simple comparison between alternative methods of generating notes (handwriting versus typing on
electronic keyboard). In the case of multitasking, the key is to reduce the number of tasks a student
engages in that distracts from the course content or lecture, which may lead to the second option,
classroom regulation.

Classroom regulations
The most obvious solution is laptop or device banning from the classroom. Such a step, may be
perceived as a teacher misbehavior; however, such a solution demonstrates some merit. Current
research suggests laptop use, for whatever reason, lowers student grades and exam scores. The use of
laptop devices for notetaking proves less effective than methods that involve paper and a writing utensil.
Laptop banning may be the simplest solution for lecture notetaking; however, such a solution
creates a stark distinction between the classroom space and all other spaces involving electronic
devices. The decision to prohibit laptops creates disparity between typical student practices with
their use of laptops. The long-term consequence of laptop restrictions may led to student
frustration as evidenced in course evaluations or even enrollment reduction for given instructors.
A compromise would allow for the moderation of laptop notetaking to help learners engage more
actively with the course content and material during given lectures. Regulation may create student
resistance, especially in large lecture classrooms, to ignore or find ways around the rules would
remain a problem. The disruption and need to create behavioral enforcement might prove as big
a distraction for the course as much as the use of the device. A more efficient use of the
instructor’s time would be to advise students to use electronic products that include handwriting
that allows written or sketched notes to be digitized in a reusable notebook (i.e., erasable or
digital notebooks) or consider regulation of laptops for particular activities or spaces.

Limitations and future directions

Future research should focus on examining how to best take notes via a laptop device for increased
cognitive recall. Training learners for how best to use technology for notetaking appears to be the
gap. Something as simple as disconnecting the network connection to the laptop computer may be
a workable solution. The question of whether or not the reduced effectiveness stems from
a processing issue (comparison of writing versus typing) or a distraction issue (ability to multitask)
remains an open question. A processing issue may be minimized through additional training and
practice; however, if distraction serves as the cause, no amount of training or practice will probably
reduce significantly the negative impact.

A number of the averages for groups in the moderator analysis (see experimental designs or
advanced courses) demonstrate average effects that may evidence different with larger data pools
that would increase the power of the test to determine differences. The current overall data pool
indicates handwritten notetaking provides a superior method of generating a record that improves
educational outcome. While the effects were larger for beginning courses and natural science/
statistics course, what changed was the magnitude of the effect, not the valence. What continued
focus on moderators would simply differentiate between conditions where the use of electronic
notetaking is simply more negative to educational goals over other circumstances rather than
changing the valence of the outcome.

Another interesting avenue would be to study how the brain cognitively processes and stores
longhand notetaking versus laptop notetaking. Learners may store information differently due to the
process of how the content was recorded. The problem with the current analysis, even if accurately
portraying the relationship, still treats the process as a kind of “black box” without providing an
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understanding of what is taking place when notes are generated on the part of the student. The
assumptions about cognitive processing and cognitive load require more direct examination and test
in future research to generate the full utility of the findings. The problem with findings illustrating
differences in outcomes, while important, provides often little direct information in terms of
explanations. The focus on process may articulate an understanding of the observed moderating
features.

Conclusion

This meta-analysis highlights how the message receiver (students) listens and processes the message
sent by the communicator (instructors). By examining the message receivers’ process, the pencil
appears to be significantly mightier than the keyboard for classroom notetaking. Particularly the
process of longhand notetaking requires students to be(morercognitivelyrengagediwith the learning
outcomes of the course. The classroom space may need to be one where behaviors and regulations
regarding technology become negotiated (Hassoun, 2014). Instructor attitudes differ from the need
to be proactive, preventive or to indifference (Forkosh-Baruch & Meishar-Tal, 2016). The question
of what will take place and the boundaries of permissible behavior rely on the attitude and beliefs of
the instructors as well as the practices inside the classroom. Whether or not the inclusion of
electronic notetaking ultimately improves educational practice becomes placed in doubt, the urgency
of generating understanding and finding solutions grows.

Notes

1. This term is correctly spelled utilizing either note taking or notetaking.
2. For the sake of brevity, the term “laptop” will be used to describe all means or forms of notetaking that uses
some form of electronic device.
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