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Abstract Multimedia design principles were applied to an online geography slideshow on
geographic information systems (GIS) intended for college students taking an introductory
course. In a 2 (segment vs. non-segmented) x 2 (redundant vs. non-redundant) between-
subjects design, the base lesson (non-segmented condition) provided a worked example of
how to solve an extended GIS problem, consisting of 12 slides with each showing graphics
on the left side with corresponding text in the right side. Students progressed through the
lesson by pressing the right arrow key to move to the next slide. The segmented lesson
(segmented condition) consisted of the same slides, but the material on each slide was
presented sequentially in which pressing the right arrow key added a single graphic and/or
corresponding text explaining each of 3 or 4 major steps. For both versions, some students
received additional narration that was identical to the printed text (redundant condition) or
no additional narration (non-redundant condition). On a subsequent transfer test, the results
showed a segmenting effect in which students performed significantly better with seg-
mented than non-segmented versions of the lesson (d = 0.34), and this pattern was the
same whether narration was added or not, yielding no interaction between segmenting and
redundancy and no significant effect for redundancy. This work extends the segmenting
principle to a new medium, domain, and segment size.
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Introduction
Objective

A common practice in introductory-level college courses is to assign online lessons cov-
ering core content to be studied outside of class as a way of implementing blended
instruction (Clark and Mayer 2016). The present study involves an online multimedia
lesson on how a geographic information system (GIS) works, which would typically be
covered in an introductory geography course. The lesson presents an extended worked
example demonstrating how to use four different operations through a series of 12 Pow-
erPoint slides, each with graphics and corresponding printed text placed to the right of the
graphics. The learner controls the pace of the lesson by pressing an arrow key to go on to
the next slide. The goal of the present study is to examine the effectiveness of adding two
instructional design features to an online multimedia slideshow: (1) segmenting, in which
each time the learner presses the arrow key another portion of the slide appears (typically
with 4-8 portions per slide) rather than having an entire slide appear all at once, and (2)
redundancy, in which a voice is added that reads aloud the printed text. A justification for
the study is that improving student learning from online resources is an important aspect of
making blended instruction effective.

Our main focus is on the segmenting principle, which states that “people learn better
when a multimedia lesson is presented in user-paced segments than as a continuous unit”
(Mayer 2009, p. 268), and which is based mainly on lessons involving narrated animations.
This work advances research and theory in computer-based instructional design by
implementing the segmenting principle in a novel way using a slideshow format rather than
a narrated animation (i.e., by allowing learners to add sections to the slide screen
sequentially rather than presenting it all at once), by extending the conceptualization of
segments to coherent chunks in a procedure (i.e., a meaningful step in a process consisting
of an illustration and text on approximately 1/3 or 1/4 of the screen), by using new
materials and tests (i.e., an extended worked examine in the domain of solving a problem
in GIS), by using material that fits within the curriculum of a college course using blended
learning methods (i.e., material from an existing college course in geography), and by
determining if the segmenting effect is robust enough to be found both when narration is
added to illustration and text (redundant condition) and when it is not (non-redundant
condition).

Slideshows are a commonly used technology for education and training, including
computer-based lessons, with millions of slideshows presented each day, but work is
needed to identify research-based principles for their design (Atkinson 2008; Duarte 2008;
Kosslyn, 2007; Reynolds 2008). The impact of slideshows is so great that Duarte (2008, p.
xv) refers to the launching of PowerPoint in 1987 as “the click heard round the world,” yet
30 years later researchers are still in the process of examining and testing how best to
present effective slideshows in light of what we know about the science of learning (Mayer
2011).
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The case for segmenting

Based on the cognitive theory of multimedia learning (Mayer 2009, 2014) and cognitive
load theory (Brunken et al. 2003; Plass et al. 2010; Sweller et al. 2011) the theoretical
rationale for segmenting is to manage essential processing—cognitive processing that is
needed to mentally represent the essential material—by reducing demands on working
memory. In the present study, students in the segmented group receive an illustration and
text corresponding to one major step in a process. Thus, learners in the segmented group
can digest the material one segment at a time, so they can mentally represent what happens
in one major step before moving on to the next one. The major prediction tested in the
present study is that adding segmenting to an online slideshow will lead to improvements
on tests of learning outcome. A secondary prediction is that this segmenting effect for
learning outcome will be equivalent both when redundant narration is added and when it is
not, indicating the robustness of the segment effect.

A recent review of research on segmenting shows that in 10 of 10 published experi-
mental comparisons students performed better on transfer tests with a segmented version of
a multimedia lesson rather than with a continuous version, with a median effect size of
d = 0.79 (Mayer and Pilegard 2014). For example, in a study by Mayer and Chandler
(2001), students viewed a 140-s narrated animation on lightning or viewed the same lesson
broken down in 16 segments—each about 8—10 s long with about one sentence of narration—
and clicked on a CONTINUE button to go on to the next segment. The segmented group
outscored the continuous group by more than one standard deviation on a transfer test, even
though both groups received identical material. In a study by Mayer et al. (2003), students
viewed a narrated animation on how an electric motor works explained by an onscreen
agent named Dr. Phyz or clicked on a series questions, each of which presented a segment
of the same narrated animation. Students who received the narrated animation segment-by-
segment performed better on a subsequent transfer test than the students who received a
continuous presentation of the identical material (with effect sizes greater than .8 across
two experiments).

Moreno (2007) asked prospective teachers to view a video lesson or an animated lesson
that depicted expert teaching skills. For some students, the lesson was broken into seven
segments, with the student clicking a button to continue on to the next segment. Across
both experiments, the segmented group outperformed the continuous group on a transfer
test (with effects sizes greater than .5).

Hasler et al. (2007) asked elementary school children to view a narrated animation on
the causes of day and night. A group that received the lesson as leaner-paced segments
performed better on a subsequent transfer test than a group that received a continuous
presentation (with an effect size greater than .8).

Boucheix and Schneider (2009) presented college students with a continuous animation
demonstrating how a pulley system works or the same animation broken down into steps
with pacing under learner control. The segmented group outperformed the continuous
group on a transfer test (with an effect size of .3). Boucheix and Guignard (2005) reported
similar results for a study involving gears.

Concerning boundary conditions, Lusk et al. (2009) found segmenting a multimedia
lesson on historical inquiry improved transfer performance for students with low working
memory capacity but not for students with high working memory capacity. Stiller et al.
(2009) found that college students who viewed a segmented lesson on the human eye
outperformed those viewing a continuous lesson on a transfer test when the words were
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spoken but much less so when the words were printed on the screen. Hassanabadi et al.
(2011) reported a similar pattern in which the segmenting effect was stronger when words
were spoken than printed for a lesson on lightning given to middle school students. Fur-
thermore, Ayres (2006) and Spanjers et al. (2011) provide some preliminary evidence that
segmenting effects are stronger for low-knowledge students than for high-knowledge
students who are learning from worked examples in mathematics, so in the present study
we focus on non-geography students who are likely to find the material to be unfamiliar
and difficult. Additionally, breaking complex data graphs into parts improves performance
in geoscience (Mautone and Mayer 2007) and chemistry (Lee et al. 2006), so in the present
study we also break the graphics into segments for the segmenting treatment in addition to
breaking the text into segments.

Overall, the most common way of implementing segmenting is to take a continuous
narrated animation or video and break it into meaningful segments for which the learner
can click on a button to go to the next segment. Although this form of segmenting based on
animation and video has been shown to be highly effective in improving transfer test
performance across 10 experiments (Mayer and Pilegard 2014), the present study extends
the conceptualization of segmenting to a multimedia slideshow format. Specifically, we
take a static slide that is full of graphics and text about how to use a geographic infor-
mation system (GIS) such as shown in the last frame of Fig. 1 for the DISTANCE tool, and
break it down into several segments each describing a key step or sub-step in the process,
such as shown in the progression of the 8 slides in Fig. 1. We start with the first segment at
the top of the slide (showing an illustration on the left and some text on the right); then the
student clicks on the arrow key to see some addition text which appears to the right of the
illustration or to see the next segment which is added to screen just below the first segment.
Each of the eight frames shows what the student sees after pressing a right arrow key in the
section of the lesson showing how the DISTANCE tool works.

This learner-controlled approach is different from the typical teacher-controlled face-to-
face slideshow in which bullet points are added one by one to the screen, because (1) our
approach allows for learner control of pacing rather than teacher control of pacing, and (2)
our approach involves sequential presentation of meaningful, conceptually coherent seg-
ments rather than fragmented factoids. In our lesson, seeing the entire slide at once can be
overwhelming, so we use segmenting as a way to encourage learners to digest one com-
plete step in the process before moving on to the next one. In short, this study examines
whether the segmenting effect established with narrated animation and video extends to a
new format-learner-controlled segmenting of a slideshow. None of the reviewed studies
involved learner-controlled slideshow format or a worked example in the geography
domain as in the present study, so the present study allows an extension of the segmenting
principle to a new format and domain. This study helps to determine whether breaking
content about a procedure into meaningful steps and allowing students to control the
pacing of the segments works as an instructional design feature when the material is
presented as a slideshow. The same theory that predicts the segmenting effect with narrated
animation and video also applies here but to date the predictions have not been tested in a
controlled experiment.

The case against redundancy
In the present study, we incorporate redundancy by adding a male voice that reads the text

printed on the screen. This is consistent with the definition of verbal redundancy as pre-
senting identical spoken and printed text simultaneously (Mayer and Fiorella 2014). We
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lesson)
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choose a male voice to be consistent with how this lesson would be implemented in the
college course from which it was adapted. Adding redundant narration to printed text and
graphics can be justified on the grounds that it gives learners options for how they receive
the verbal information (i.e., in spoken form or printed form). However, based on the
cognitive theory of multimedia learning and cognitive load theory, adding redundant
spoken text to graphics with printed text is not expected to aid learning if students attend to
both sources because the added spoken text is redundant with the printed text. Adding
redundant narration can cause extraneous processing such as trying to reconcile the two
verbal strings (Kalyuga and Sweller 2014; Mayer and Fiorella 2014). In this case, the
redundant group would perform worse or no better than the non-redundant group on tests
of learning outcome.

In contrast, if learners in the redundant group ignore the printed text they can use their
visual channel for processing the graphics and their auditory channel for processing the
words, thereby effectively expanding cognitive capacity; this approach is consistent with
the modality principle—people learn better from spoken words and graphics than from
printed words and graphics (Ginns 2005; Low and Sweller 2014; Mayer 2009; Mayer and
Pilegard 2014). In this case, the redundant group would perform better than the non-
redundant group on tests of learning outcome.

Alternatively, if learners in the redundant group ignore the narration and focus on the
printed text and graphics they should perform just as well as the non-redundant group on
learning outcome tests. Redundancy may be helpful when the printed text differs in form or
length from the spoken text (Mayer and Johnson 2008; Yue et al. 2013). The present study
allows for an extension of redundancy principle to a new format (i.e., slideshow) and new
way of creating segments (i.e., as steps in a worked example for solving a geography
problem).

The experimental comparison in this study (onscreen text and graphics vs. onscreen
text, narration, and graphics) is different from the typical comparison between narration
and graphics versus onscreen text, narration, and graphics (Kalyuga and Sweller 2014;
Mayer and Pilegard 2014). Thus, in the present study, we are extending the redundancy
principle to a less studied way of comparing non-redundant and redundant treatments.
However, cognitive theory still makes the same prediction that verbal redundancy is not
helpful (or possibly harmful) in multimedia lessons.

The major independent variables in this study are: segmenting—whether or not each slide
of the lesson is broken into parts that appear on the screen in response to the learner
pressing a key; and redundancy—whether or not simultaneous narration is added to
onscreen text and graphics. The major dependent measure is transfer test performance—
score on a 6-item open-ended transfer test with a total possible score ranging from O to 6
and score on each item ranging from O to 1. Secondary dependent measures are self-
reported ratings on a Likert scale from 1 to 5 for five individual items (i.e., level of
enjoyment, desire for similar lessons, how appealing the lesson was, level of difficulty, and
level of effort). A covariate is exposure time—the amount time from when the learner
clicks to start the lesson to when the learner clicks to exit from the final slide of the lesson.

Research questions

The primary research question in the study is:

1. Does segmenting improve transfer test performance? Based on cognitive theory, we
predict that the new form of segmenting used in the present study will result in better
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transfer test performance than a non-segmented presentation. We focus on near
transfer test items—which require being able to use the material presented in the lesson
to answer new questions—because our goal is to identify instructional methods that
promote deep learning.

The secondary research questions are:

2. Does segmenting improve transfer test performance both when redundant narration is
added and when it is not? Based on cognitive theory, we also predict that the new form
of segmenting used in the present study will result in better transfer test performance
than the non-segmenting group both when there is no added voice and when there is
added voice.

3. Does redundancy improve transfer test performance? Based on cognitive theory, we
predict, that adding redundant narration to a multimedia lesson with illustrations and
text will not result in better transfer test performance than not receiving redundant
narration.

4. Do the groups differ on self-report measures of affect? Based on cognitive theory, we
expect students to express higher levels of satisfaction for the segmented/non-
redundant lesson because it offers the highest level of learner control and
responsiveness and the lowest level of extraneous content (Mayer 2014; Scheiter
2014).

Method
Participants and design

The participants were 196 non-geography college students recruited from a subject pool at
a U.S. university. The mean age was 19.0 years (SD = 1.2); there were 49 men and 147
women; and the mean rating of prior knowledge of geography was 2.6 (SD = 0.8), which
is considered in the low range. The experiment involved a 2 x 2 between subjects design
with segmenting as the first factor, redundancy as the second factor, and exposure time as a
covariate. In a 2 (segmented versus non-segmented) x 2 (redundant versus non-redundant)
between-subjects design, there were 52 participants in the non-segmented/non-redundant
group, 46 in the non-segmented/redundant group, 47 in the segmented/non-redundant
group, and 51 in the segmented/redundant group.

Materials and apparatus

The paper-based materials consisted of an informed consent form, participant question-
naire, six test sheets, and a post-questionnaire.

The consent form described the study and participant safeguards and was printed on an
8.5 x 11 in sheet of paper. The participant questionnaire solicited basic information
including the student’s sex, age, major, and self-rating of experience in geography on a
5-point scale from 1 (low) to 5 (high), i.e. “Please rate your knowledge of geography.” The
participant questionnaire was printed on an 8.5 x 11 in sheet of paper.

The six test sheets each presented a transfer problem to solve, such as:

“Please explain how the GROUP tool works.”
“Please explain how the DISTANCE tool works.”
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INPUT OUTPUT
1 1 0 1 ‘ 1 1 1 0
1 0 0 0 1 1 0 0 0
-
0 1 0 0 0 0 1 0 0 0
1 1 0 1 1 1 1 0 3 3

Fig. 2 Example of a test item. What is the name of the Tool and the Rule that could take this Input and
make this output?

“Please explain how the EXTRACT MINIMUM tool works.”

“What is the name of the tool that would take this input and produce this output?”
(along with a 5 x 5 input matrix and a 5 x 5 output matrix similar to the ones used
in the lesson). An example of this question sheet is shown in Fig. 2.

“What is the name of the tool that would take this input and produce this output?”
(along with a different 5 x 5 input matrix and a 5 x 5 output matrix similar to the
ones used in the lesson).

“Please fill in the values for RECLASS TABLE below that could take this input and
produce this output.” (along with an input table and output table with a RECLASS
arrow between them and a blank RECLASS table with columns for F, T, and N).

At the bottom of each 8 .5 x 11 in sheet was the statement: “PLEASE KEEP
WORKING UNTIL YOU ARE TOLD TO STOP.” The test items were created by the
course instructor and were similar to those used in previous offerings of the course that
included GIS. The test items are intended to measure near transfer, that is, being able to use
the presented material to answer new questions that require the learned knowledge. We
avoided experimenter bias by using exactly the same procedure for administering the test
for all participants, by scoring the answers using an objective rubric with scorers who were
unaware of each participant’s treatment group, and by establishing inter-rater reliability for
scoring. The items represent a form of near transfer, that is, using the presented material to
solve problems and answer questions like those in the lesson.

The post-questionnaire, printed on an 8.5 x 11 in sheet, asked students to give ratings
on a 5-point scale for five items from low (1) to high (5):

“I enjoyed learning from this lesson.”

“I would like to learn from more lessons like this.”
“Please rate how appealing this lesson was for you.”
“Please rate how difficult this lesson was for you.”
“Please rate how much effort you exerted on this lesson.”

This is a preliminary questionnaire in which each item is intended to evaluate one
factor.

The computer-based materials consisted of four versions of a 12-slide lesson on how to
use a geographic information system (GIS) to solve an example problem. The example
problem began with a campus map of a dorm and surrounding parking lots and sought to
determine which parking lots are within %2 mile of the dorm and which ones are not. The
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slides (1) present a map and problem statement, (2) show the steps using IDRISI (© Clark
Labs) GIS operations, (3) show how a GIS stores map layers as spatial information in a
grid, (4) introduce the GROUP tool, (5) show how to use the GROUP tool on the parking
lot problem, (6) introduce the DISTANCE tool, (7) show how to use the DISTANCE tool
on the parking lot problem, (8) introduce the EXTRACT tool, (9) show how to use the
EXTRACT tool on the parking lot problem, (10) introduce the RECLASS tool, (11) show
how to apply the RECLASS tool to the parking lot problem, and (12) review the entire
procedure using each of the tools. The non-segmented/non-redundant version (base)
contains graphics on the left side and printed words on the right side of each slide and each
press of the arrow key brings on the next slide. For example, the last frame in Fig. 1 shows
a slide explaining how the DISTANCE tool can be applied to the parking lot problem (i.e.,
slide 5 out of 12 slides).

The segmented/non-redundant version is identical except that each press of the arrow
key adds another portion to the slide (consisting of a new illustration on the left, new text
on the right, or both). The eight frames in Fig. 1 show the progression of what the learner
sees added to a slide after pressing the arrow key in the part of the lesson explaining how
the DISTANCE tool applies to the parking lot problem (i.e., slide 5 out of 12 slides). The
segments were created by breaking the procedure for a given GIS tool into meaningful
steps—with one step or major sub-step per segment. We focused on steps because these are
the main conceptual components in each GIS tool.

The non-segmented/redundant version is identical to the base version except that there
also is a recorded human male voice reading the text for each slide, and the segmented/
redundant version is identical to the base version except the presentation is segmented and
each segment also includes a human male voice reading the text. The material was orig-
inally developed and used in a college geography course that used a blended learning
approach; however, the present lab-based experiment examines only one online GIS lesson
in order to determine how best to design online slideshow lessons that could be used for
home study in a college course.

The apparatus consisted of three iMac computer systems with 20-in color screens and
over-the-ear headphones. Digital stopwatches were used to record exposure time.

Procedure

There were up to three participants in each session, with all participants in each session
randomly assigned to the same group. Each participant was seated in a cubicle facing a
computer, without visual access to the other participants. First, participants read and signed
the informed consent form, and then completed the participant questionnaire at their own
pace. Informed consent was obtained from all participants in the study. Then, after a brief
introduction, the experimenter started the lesson on each computer. Participants were
instructed to press the right arrow key to move forward and to press the back arrow key to
move backward. Participants were asked to study the material carefully at their own pace
and be prepared to answer questions based on the lesson. The experimenter monitored and
recorded each participant’s exposure time by using a digital stopwatch; the timer was
started when the student clicked to start the lesson and stopped when the student clicked to
exit the final slide. After the participant completed the lesson, the experimenter adminis-
tered the 6-item test by giving the participant one test sheet at a time for 2.5 min. After
2.5 min, the experimenter collected the test sheet and handed out the next one. After the
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sixth test sheet was completed, the experimenter handed out the post-experimental ques-
tionnaire to be completed at the participant’s own pace. Consistent with techniques used in
prior research (Mayer 2009), we maintained a time limit on each question to insure that
participants had sufficient time to think about each question and did not skip over any
questions. The entire session lasted up to 30 min. We followed standards for ethical
treatment of human subjects and obtained Institutional Review Board (IRB) approval.

Scoring

The transfer test questions were scored using a rubric developed by a GIS course instructor.
Students received 0—1 point for each question, with partial points given for each part in
multi-part questions. The transfer test score could range from 0 to 6. The tests were scored
independently by two scorers who were not aware of the treatment group of the partici-
pants. The inter-rater reliability based on a Pearson correlation of test scores was r = 0.97
(p < .001), which indicates a very strong agreement between raters. In cases where the
raters did not agree, an average score of the raters’ scores was used.

Results and discussion
Do the groups differ on basic characteristics?

A preliminary issue is whether the groups differed on basic characteristics that might be
relevant to test performance. The groups did not differ significantly (at p < .05) on age or
mean rating of prior knowledge (based ANOVAs), or on proportion of men and women
(based on Chi square tests). We conclude that there is no evidence that the groups differed
on basic characteristics at the onset of the study.

Do the groups differ in exposure time?

The mean exposure time in seconds was 434.6 (SD = 102.8) for the non-segmented/non-
redundant group, 625.4 (SD = 105.0) for the non-segmented/redundant group, 532.4
(SD = 170.1) for the segmented/non-redundant group, and 632.4 (SD = 117.4) for the
segmented/redundant group. A 2 x 2 ANOVA with segmenting and redundancy as
between-subjects factors revealed a significant effect for segmenting in which students who
received the segmented version (M = 584.4, SD = 152.8) took significantly more time
with the lesson than those who received the non-segmented version (M = 524.2,
SD = 140.8), F(1, 192) = 8.43, p = .004, d = 0.29. There also was a significant effect for
redundancy in which students who received the redundant version (M = 629.1,
SD = 111.2) took significantly more time with the lesson than those who received the non-
redundant version (M = 481.0, SD = 146.6), F(1, 192) = 64.93, p = .000, d = 1.14.
Finally, there was a significant segmenting x redundancy interaction in which the non-
segmented/non-redundant version took the least amount of time and the segmented/re-
dundant version took the most time, F(1, 192) = 6.31, p = .013.

Overall, more time was required in lessons that contained features that slowed down the
pace of presentation—segmenting, which required more button clicks per slide, and
redundancy, which required listening to spoken text (which normally takes longer than
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reading the same text). Time on task is generally considered an important factor affecting
student learning (Hattie 2009; van Gog 2013), but the increased time on task for the two
treatments can be attributed to different causes. The additional time for the redundancy
group is attributable to the artifact that it takes considerably longer to listen to spoken
words than to read the same printed words, whereas the additional time for the segmenting
group is not attributable to a design artifact (because the time required for added button
presses is negligible so exposure time differences may be attributable to students choosing
to spend more time.)

Does segmenting improve transfer test performance?

Table 1 shows the mean transfer test score and standard deviation for each group. To
answer research questions 1, 2, and 3, an ANOVA was applied to the transfer test data with
transfer test score as the dependent measure, and segmenting and redundancy as between
subjects variables. The main prediction (from research question 1) is that learning is
enhanced when each full slide in a slideshow is broken down into bite-sized segments that
are presented under learner control. Consistent with the segmenting principle, students who
received a segmented lesson (M = 1.72, SD = 1.02) scored significantly higher on the
transfer test than students who received a non-segmented lesson (M = 1.40, SD = 0.86),
F(192) = 5.45, p = .021, d = 0.34.

In line with research question 2, the same pattern favoring segmented over non-seg-
mented lessons was found when there was no added narration and when there was added
narration, which is reflected in the finding that there was no significant interaction between
segmenting and redundancy, F(192) = 0.00, p = 0.94. When we look only at non-re-
dundant presentations (i.e., no narration added), we find a segmenting effect with an effect
size of d = .34, and when we look at redundant presentations (i.e., narration added that
corresponds to the printed text), we find a segmenting effect with an effect size of d = .33.
Importantly, the segmenting effect remains significant even when exposure time is
included as a covariate in an ANCOVA, F(191) = 4.10, p = .044, d = .31. This seg-
menting effect for transfer test performance is the major empirical finding in this study.

Does redundancy improve transfer test performance?

In line with research question 3, there was no significant effect for redundancy, F(I1,
192) = 0.33, p = .561, and no significant interaction involving redundancy, F(l,
192) = 0.00, p = .945. An ANCOVA with exposure time as a covariate also yielded no
significant effects or interactions involving redundancy. These results are most consistent
with the idea that learners did not rely heavily on the spoken text during learning.

Table 1 Mean score (and stan-

dard deviation) on the transfer Group M SD

test for fi

est for four groups Non-segmented/non-redundant 1.36 0.81
Non-segmented/redundant 1.43 0.93
Segmented/non-redundant 1.67 1.00
Segmented/redundant 1.76 1.04
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Table 2 Mean score (and standard deviation) on the self-report items for four groups

Group Enjoyed Like more Appealing Difficult Effort

M SO M SD M SO M SD M SD

Non-segmented/non-redundant  1.38 1.12 121 1.13 133 1.10 4.19 0.71 287 1.08

Non-segmented/redundant .72 117 159 111 176 1.08 374 0.88 3.17 0.88
Segmented/non-redundant 1.85 094 174 116 180 1.11 363 0.83 300 0.82
Segmented/redundant 155 115 131 116 137 1.11 386 092 288 093

1 = low and 5 = high

Do the groups differ on self-report measures?

Although our major focus is on learning outcomes, we also included some preliminary
measures of affect and motivation in order to provide more context, as reflected in research
question 4. Table 2 shows the mean rating and standard deviation for each group on each
of the five self-report questionnaire items, with 1 = low and 5 = high. A multivariate
ANOVA conducted on the questionnaire items with segmenting and redundancy as
between subjects factors revealed no significant main effects for segmenting or redun-
dancy. However, there was a significant interaction at p < .05 for each of the first four
items in which the worst rating was for the non-segmented/non-redundant group and best
rating was for the segmented/non-redundant group [enjoy: F(1, 191) = 3.97, p = .047;
like more: F(1, 191) = 6.01, p = .015; appealing: F(1, 191) = 7.53, p = .007; difficult:
F(1, 191) = 8.16, p = .005; effort: F(1, 191) = 2.51, p = .12]. In terms of affective and
motivational measures, the best treatment consistently is segmented without added
narration.

General conclusion
Empirical contributions

Overall, students learned better from a slideshow lesson when learners saw the content on
each slide as a progression of smaller segments controlled by pressing an arrow key rather
than by seeing full slides all at once. This segmenting effect for learning outcome was
present both when redundant voice was added and when it was not. In terms of self-report
measures of affect and motivation, the segmented lesson without redundant narration was
consistently rated best. This study shows that the segmenting principle applies to learner-
paced online slideshow presentations and to geography content. In contrast, adding voice
to graphics with printed text does not significantly improve learning. These results show
that earlier research on the segmenting effect for narrated animations and video also
applies to the instructional format of learner-paced slideshows.

This work is in line with Shavelson and Towne’s (2002) admonition that scientific
research in education requires that we “replicate and generalize across studies” (i.e.,
principle 5 out of 6). The need for careful replications that extend previous work is
indicated by the increasing emphasis on meta-analyses in our field which rely on multiple
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studies on the same effect (Hattie 2009) as well as the so-called “crisis of replication” in
which some key effects in cognitive psychology could not be replicated (Pashler and
Wagenmakers 2012, p. 528; Stroebe and Strack 2014, p. 59). The present study replicates
the segmenting principle in a new computer-based learning context (i.e., a slideshow rather
than a narrated animation), using complex material from an actual college class rather a
short animation intended for lab studies, using new segmenting procedures (i.e., adding a
new step to the screen for each press of the arrow key rather than showing all the material
at once), and using new tests of learning (i.e., making judgments about various GIS
commands). It should be noted that our implementation of segmenting is not the same as
bullet-by-bullet animation of PowerPoint slides, especially in light of the fact our imple-
mentation of segmenting includes learner control (rather than instructor control in a face-
to-face slideshow presentation) and is based on coherent chunks of content (rather than
isolated factoids in a list). Given the massive use of slideshows as a common educational
technology, as well as the increasing use of slideshows in online instruction, this work tests
a new way to apply the segmenting principle in this important venue.

Theoretical contributions

On the theoretical side, the results support the idea that segmenting can reduce cognitive
load by managing essential processing—that is, cognitive processing needed to mentally
represent the material. Students understand better when complex material is presented in
bite-size chunks, each of which can be digested before moving on to the next portion.
When a full screen full of complicated material is presented at once, the learner can be
overwhelmed and is more likely to miss key information. This work contributes to
instructional theory by extending the conceptualization of segment size to now include
meaningful steps in a procedure shown on a portion of a slide screen.

Practical contributions

On the practical side, the results show that adding a simple feature—segmenting—can
increase student learning even when the content of the lesson is identical. Even the modest
form of segmenting we used increased test performance by a third of a standard deviation
(both when redundant narration was present and when it was not). This supports the
segmenting principle—people learn better when a complex lesson is broken into user-
paced segments. A new aspect of the segmenting principle is that it now has been shown to
apply to self-paced slideshow presentations, which can be used for home study in a blended
learning course environment.

Limitations and future directions

The study is limited by being a short-term lab-based study. Further work is needed to
determine whether segmenting effects hold in longer, course-based contexts and with other
subject content. It also is worthwhile to examine whether segmenting effects hold for
learners with higher prior knowledge and higher interest in the material. We also
acknowledge that the time a student spends on slides is not necessarily a pure indication
that the student was reading during all that time, so a more direct measure of time spent
studying the material would be useful. The post-questionnaire contained only one question
to tap each factor, but including more items for each factor would allow researchers to
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examine the psychometric properties of the questionnaire. Finally, it would be worthwhile
to further investigate the ideal size for a segment.
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