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reviewed knowledge. The cognitive processes for acquiring new knowledge and
reviewing knowledge are different, so the benefits of concept maps in past research
may not apply to the acquisition of new knowledge. However, how concept map
construction varies across these two aspects has not been investigated. This research
starts this investigation by researching how the positioning task affects new
knowledge and reviewed knowledge. The position task is the act of deciding and
managing the position of the elements of the concept map. In this paper, we study the
differences in new knowledge and reviewed knowledge across two closed concept
map interfaces by comparing test answers. One interface, Kit-build, includes the
positioning task. The other interface, Airmap, does not include it. Results suggest that
the interfaces only differ in retained reviewed knowledge, having similar performance
in immediate new knowledge, immediate reviewed knowledge, and retained new
knowledge. Results have potential implications for the general presence of the
positioning task in learning interfaces.
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Introduction

A concept map is a graphical tool used to represent knowledge. It is composed of concepts
and of links between the concepts (Canas and Novak 2010). Concept maps are believed
to improve reading comprehension (Usman et al. 2017; Riahi and Pourdana 2017; Chang
et al. 2002; Sanchez et al. 2010; Guastello et al. 2000). It is theorized that concept maps
improve reading comprehension through the continuous processing of content (Arm-
bruster and Anderson 1984), by providing a template to help structure and understanding
the information (Canas and Novak 2010), and by being close to the macrostructure of the
text (Van Dijk et al. 1983).

Computer-based tools for building concept maps are popular (Liu et al. 2010; Reader
and Hammond 1994; Anderson-Inman and Zeitz 1993). Among these tools, some of them
provide the nodes and links so that the user only has to assemble the map (Hirashima
et al. 2011; Wu et al. 2012). They are called closed concept map tools because the set of
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possible maps is finite. This allows for automated scoring of the maps by comparing the
built map to an expert map. This mechanism also allows for automated feedback (Pailai
et al. 2018; Furtado et al. 2018). Since closed concept maps provide information to the
user, they can go beyond the reviewing activities that traditional concept maps provide.
Closed concept maps with automated feedback can help students acquire new knowledge
(Pailai et al. 2018; Furtado et al. 2018). While there is research on the reviewing aspects
of concept maps (Canas and Novak 2010; Armbruster and Anderson 1984; Van Dijk et al.
1983), no research so far has investigated if the benefits of concept maps also transfer to
the acquisition of new knowledge through automated feedback.

One matter of concern in closed concept maps is the effort of organizing the pieces
in the concept map. We call this the positioning task. This is one portion of the activity
that can be automatized and thus lower the effort of building the map. Past research has
shown that the effort related to building the map is lowered by automatizing the position-
ing task (Furtado et al. 2018). Also, tests done after building the map show that immediate
reading comprehension is not affected by automatizing the task. However, tests done
after 2 weeks suggest that automatizing the task negatively affects the retention of the
information.

It remains unknown how the positioning task affects reviewed knowledge and new
knowledge. Reviewed knowledge is similar to how traditional concept maps work, with
the user continuously processing knowledge he previously acquired. However, new
knowledge is when the user attains new information while building the map. This can
happen in closed concept maps because automated feedback is possible. It is a new aspect
of learning by concept map building, and it is necessary to investigate the difference from
the traditional concept map aspect of reviewing knowledge. It is important to know how
positioning affects these different types of knowledge because of the following:

e [t can help to decide when the positioning task is desirable in activities using closed
concept maps.

e [t can help explain the cognitive mechanisms between the positioning task, which
can help understand better how concept maps help students learn.

e [t can inform designers of the potential benefits and drawbacks of designing activities

which include similar tasks.
This study has four research questions :

How does the positioning task affect immediate new knowledge?
How does the positioning task affect immediate reviewed knowledge?
How does the positioning task affect new knowledge after a retention period?

Ll

How does the positioning task affect reviewed knowledge after a retention period?

To answer the research questions, we study how the Airmap interface and the Kit-build
interface differ in knowledge retention as a reviewing tool and as an acquisition tool. To
the best of our knowledge, this type of investigation has never been done before. To do so,
we compare test scores at three points of time: before building a map, after building a map,
and after a 2-week delay. As such, 2 weeks are used as the length of the retention period
described in the research questions. Knowledge which the student had before building
the map is identified as reviewed knowledge. Knowledge the student obtains during map
construction is identified as new knowledge.
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Computer-based concept map tools and closed concept maps

Computer-based concept mapping has been used to improve learning in general (Hwang
et al. 2013; Kim and Olaciregui 2008; Willerman and Mac Harg 1991) and in reading com-
prehension (Morfidi et al. 2018; Omar 2015; Alkhateeb et al. 2015). It has been pointed
out that the advantages of computer-based concept map mapping are the ease of correc-
tion and construction (Liu et al. 2010), the capability to add behavior-guiding constraints
(Reader and Hammond 1994), the creation process personalization, and the frustration
reduction (Anderson-Inman and Zeitz 1993). Computer-based concept mapping tools
also make automated feedback possible. Past work has used semantic web technologies
to make this feedback possible (Park and Calvo 2008). Another approach is using word
proximity data to score the maps (Taricani and Clariana 2006). It is trivial to compare the
student-built maps to the expert map when using closed concept maps. Multiple tools
used this approach, such as Cmapanalysis (Canas et al. 2013), Kit-build (Hirashima et al.
2011; Hirashima et al. 2015), CRESST (Herl et al. 1999), KAS (Tao 2015), and ICMLS (Wu
et al. 2012). It is possible to display exactly in which ways the student map differs from the
expert map because they are built from the same pieces. This type of automatic diagnosis
was found to be reliable when compared to traditional map scoring approaches (Wun-
nasri et al. 2018; Wunnasri et al. 2017) and was found to correlate with standard science
tests (Yoshida et al. 2013).

This type of automated measurement has been used to measure changes in interdisci-
plinary learning during high school (Reiska et al. 2018). Teachers can revise their lessons
and feedback by using the diagnosis information. This approach has shown good results
in retention when compared to traditional teaching, especially when the teacher uses the
map to give the feedback (Sugihara et al. 2012). This type of automatic diagnosis also
allows for different automated feedback schemes, which has been effective for improving
reading comprehension (Pailai et al. 2018; Wu et al. 2012).

Closed concept map interfaces
This section describes both interfaces. They were both coded using the Unity engine!.
WebGL builds were then generated so that the interfaces could be used on web browsers.

Kit-build

A screenshot of Kit-build can be seen in Fig. 1. Example of nodes in the screen are
“Komodo dragon” and “large size” Examples of links are “mates” and “can grow to.” At
first, the nodes and links are displayed in columns. There is a column for the nodes and a
column for the links.

There are gizmos to the side of the links. Users can drag and drop those gizmos. By
overlapping the gizmo with a node, the user can associate the link with the node. As links
have two gizmos, it can be associated with two nodes. When this happens, a proposition
composed of the two nodes and the link is formed.

By drag and dropping the gizmos away from the nodes, the association between node
and link is undone. This allows the user to undo the created propositions.

The user can also drag and drop nodes and links. This allows them to manage the layout.
The nodes and links never move by themselves.

Uhttps://unity.com/
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Fig. 1 The Kit-build interface

Airmap

Figure 2 shows the Airmap interface. Concepts 1 to 3 are the nodes. Users can click on
nodes to select them. Concept 1 and concept 2 are selected in the figure. Link 2-3 is a
link. It is connecting concept 2 and concept 3. Thin lines connect the link to the concepts.
There is a button menu on the left. It shows which links are available alongside their
available quantities.

Link 2-3 -

Lirk 1=3

Fig. 2 The Airmap interface
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To connect nodes, it is necessary to select two of them. Afterward, it is necessary to
select the link that will connect the two nodes. It is not possible for a link to be associated
with a single node in Airmap. This marks a difference from Kit-build.

Users can click on links to disconnect nodes. Clicking on a link destroys it. After the
destruction, the link becomes available once again.

Links and nodes move automatically. The user is unable to directly control the positions
of the nodes and links. As such, users are not burdened with managing the layout.

The feedback system

Since Kit-build and Airmap both use closed concept maps, it is possible to compare the
user made maps to the expert map. After the user builds the map, the system compares
the built map to the expert map. It then displays to the user which parts of the expert map
are missing in the user map. It also displays which parts of the user map do not exist in the
expert map. The user can then use this information to modify their own map. The user
continues to receive this information until they can build the expert map.

The positioning task, reviewed knowledge, and new knowledge

Positioning task

The positioning task is the task of moving nodes and links while building a closed concept
map. This is unnecessary in Airmap because of the automatic layout function. As such, the
positioning task is only present in Kit-build. Closed concept maps involve finding three
elements to build propositions. The positioning task in Kit-build may make the student
have to reorganize the map while searching, increasing the effort related to building the
map. Furthermore, Airmap makes the search simpler by separating links and nodes into
different portions of the screen. As such, the positioning task in Kit-build also includes
the higher effort caused by the lack of separation between links and nodes. Also, the
positioning task is believed to increase cognitive load (Furtado et al. 2018).

One important consideration is that the map creation effort should decrease as the user
makes the map. This is because the amount of free pieces becomes smaller, decreasing the
number of possible propositions the user could make. This means that the activity should
become more manageable as the user completes the map, lowering the burden caused by
the positioning task.

Reviewing in Kit-build and Airmap

Reviewing involves recalling previously learned information. As an example, let us say
that the student answers that Komodo dragons are known as “Komodo monitor” in the
pre-test. Then, when building the map, the student builds a proposition “Komodo dragon
- known as - Komodo monitor” That means that the student reviewed the information
about the Komodo dragon while building the map. The ability of the users to keep this
information in memory is compared across the two interfaces used in the experiment.
This is a simplification of the actual process that occurs, as building the proposition is
quite difficult given the number of pieces present.

The way information is recalled varies between traditional and closed concept maps.
Closed concept map creation involves cued recall because the user has access to the labels
in the nodes and links from the start. In contrast, traditional concept map built with-
out access to external material involves free recalling. Past research has shown that cued
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recalls have beneficial memory effects when compared to free recall (Paivio et al. 1994;
Begg 1972).

Both closed concept maps and traditional concept maps involve summarizing existing
knowledge into propositions (a trio of concept, link, and concept). The difference is that
in traditional concept maps, the user can freely create the labels in the concepts and link.
In a closed concept map, the user must find equivalently labeled links and concepts. Fur-
thermore, there is the possibility that the idea the user wants to express is not viable with
the provided pieces.

Cued recalls and summarizing into proposition work similarly in Kit-build and Airmap.
However, the burden caused by the positioning task in Kit-build might increase the fre-
quency of recalls, thus increasing retention (Furtado et al. 2018). Retention impairment is
also plausible since the positioning task might be distracting the user from the reviewing
process (Furtado et al. 2018).

As discussed above, the burden of the positioning task is theorized to be higher before
the user first receives feedback. Because of this, most cued recall is believed to hap-
pen during this period of high burden. Furthermore, the positioning task burden might
be increasing the amount of processing done on the macrostructure of the content
(Schroeder et al. 2017). If this is true, there should be a gap between Kit-build and Airmap
in reviewing performance.

Furthermore, in this study, users received feedback on which propositions are cor-
rect, incorrect, and missing. In this case, reviewing is also reinforced, since the user is
given feedback that his constructed propositions are correct. Furthermore, the user has
to break down the incorrect propositions while creating the missing propositions, a pro-
cess which involves reviewing information, especially misunderstandings. This process of
reconstructing the map is complicated by the positioning task of Kit-build since the user
also has to reposition the concepts.

New knowledge in closed concept creation

In this study, new knowledge is related to a question which the user answers correctly
after building the map but not before. If the user states that apples are blue before building
the map and then states apples are red after building it, then the user has acquired new
information while building the map.

In closed concept maps, the user can acquire new knowledge through the use of auto-
mated feedback. The way information is acquired would depend on how the feedback is
designed. A simple approach would be to inform the users of which propositions are cor-
rect, which are incorrect, and which are missing from his map. This is the approach used
for the dataset analyzed in this study. Other types of feedback have been used in past
studies, such as asking the user to justify his incorrect propositions by using phrases of a
text (Pailai et al. 2018).

As discussed above, the user has to reconstruct the map after receiving feedback. The
complication caused by the positioning task of Kit-build also affects the acquisition pro-
cess, as the user corrects his misunderstandings and builds new propositions. This could
result in an increase in the retention of new knowledge when using Kit-build.

In contrast, the burden caused by the positioning task is believed to be lower during
acquisition, since the search space gets smaller after the user receives feedback. The effect
of the macrostructure of the map and positioning decisions could be diminished by the
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reduced burden. If this is true, the positioning task may not influence the retention of new

knowledge.

Method

Data analysis methods

Each research question needs a quantifiable metric. The metrics can be modeled after
answer transitions between a test done before the concept map is built (pre-test), after
the concept map is built (post-test), and after a delayed period (delayed post-test). Table 1
shows how each question can be classified. Each classification is related to one of the
research questions.

“Review” is related to reviewed knowledge. “New” is related to new knowledge. “OnDe-
lay” metrics are related to the 2-week retention period after building the map. Metrics
which do not have the word “OnDelay” on them are related to the immediate measure-
ments. Those immediate measurements are the pre-test and post-test performed minutes
before and after building the map.

The questions are classified and then counted for each metric. This gives raw metrics
for each user. Based on the raw metrics, normalized metrics are then calculated. The nor-
malized metrics take into account individual ceilings into the calculation of each metric
and are more representative of each research question. The normalized metrics and their
formulas can be seen in Table 2.

Data collection
The collection of data had a main phase and an optional delayed phase. In the main phase,
participants were required to do the following:

e Read tool instructions

e Build the correct training map using the tool
® Read a text

e Take the comprehension pre-test

e Build the correct text map using the tool

e Take the comprehension post-test

The only difference between the conditions was the interface used. Air used the Airmap
interface without hideable links, and Kit used the Kit-build interface. The interfaces had
feedback enabled and required participants to redo their maps until they built the cor-
rect map. Participants who completed the main phase were invited to participate in the
delayed phase. The delayed phase consisted of the same comprehension post-test used in
the main phase, but with a delay of 2 weeks.

Table 1 Question classification table

Answer correctness

Classification Pre-test Post-test Delayed post-test
Review Correct Correct NA

New Incorrect Correct NA
ReviewOnDelay Correct Correct Correct

NewOnDelay Incorrect Correct Correct
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Table 2 Calculated user metrics and their formula

Metric Formula
Normalized review Repv,‘gw
Normalized new ﬂepvrve

. . . ReviewOnDelay
Normalized review retention " Review
Normalized new retention Newrggv?elay

Pre refers to pre-test scores. Review, New, ReviewOnDelay, and NewOnDelay refer to the number of questions belonging to each
classification for that particular user

The data was collected from users recruited through Amazon Mechanical Turk. Partic-
ipants were required to be residents of the USA and were also required to have completed
more than 5000 tasks on AMT with an approval rate above 97%. They were paid $3.10
upon completion of the activities. Participants who agreed to take the delayed post-test
received an additional $0.80.

The test answers are administrated through the system, digitally. As such, test answers
are saved as log data. Table 3 shows an example of such data. The log data can then be
used with the data analyses methods described above.

Materials

The text used described various characteristics of the Komodo dragon. It is a modified,
shorter version of a text found in Wikipedia®. The comprehension pre-test and post-tests
contained the same questions. The questions consisted of ten multiple choice questions
created to test the content of the text. An English native speaker who is a university
teacher of English as a second language verified the test and found no problems with it.
The map participants were requested to build was based on the text and on the reading
comprehension exercises. The expert map used in this experiment had 17 concepts and
17 links. Since each link corresponds to a proposition, it contained 17 propositions. The
expert map was built based on the text.

Procedure
The data collection process was delivered through a website. Participants completed
informed consent and then proceeded to read instructions on the map building tool they
would use. Afterward, they would build the training map to get used to the tool. The
training map consisted of three concepts and three links. The content of this training map
had no relation to the rest of the experiment. The tool instructions and the tool used to
build the map were specific to each condition. After building the training map, partici-
pants read the narrative and answered the pre-test. After the pre-test, participants had to
build the map using the tool respective to their condition. Participants then answered the
post-test, ending the main phase of the experiment.

All activities in the main phase had a 5-min limit, with the exception of building the
map, which had a 20-min limit.

Table 3 The format of the log data for test answers in the experiment

User ID Test Question number Answer Correctness
12345 Pre-test 2 4 True
12345 Post-test 3 2 False

Zhttps://www.researchgate.net/publication/
329555664_Dataset_Experimental_use_of_Airmap_and_Kitbuild_by_using_a_concept_map_about_Komodo_Dragons
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During map constructions, users were given automated feedback by the system and
could only proceed to the next task after submitting the correct map.

Two weeks later, participants were contacted by email to take part in the optional
delayed phase. The delayed phase consisted of the same comprehension test taken in the
pre-test and post-test. Participants did nothing else other than answer the comprehension
test.

Results

Normalized values for review, new, retained review, and retained new were calculated for
each participant using their answers for the pre-test, post-test, and delayed post-test from
the dataset. Table 4 shows the number of participants of each condition, alongside the
average and standard deviation of the relevant normalized metrics. Figure 3 shows box
plot comparisons of the two conditions.

To address how the positioning task affects immediate retained knowledge, we com-
pare the values of normalized review shown in the boxplots of Fig. 3 and the average
values seen in Table 4. There is very little difference in normalized review between the two
interfaces, with users remembering around 90% of their pre-test answers in the post-test.

To address how the positioning task affects immediate new knowledge, we compare the
values of normalized new shown in the boxplots of Fig. 3 and the average values seen
in Table 4. There is very little difference in normalized new between the two interfaces,
with users from both interfaces correctly answering around 70% of the questions in the
post-test that they could not answer correctly in the pre-test.

To address how the positioning task affects delayed reviewed knowledge, we performed
a Mann-Whitney test with retained review as the dependent variable and condition as
the predictor. The test revealed that retained review for the Kit condition (Mdn = 1) was
significantly higher than retained review for the Air condition (Mdn = 0.62, U =58, p =
0.002). Looking at Table 4, Airmap users remember around 60% of revised information.
In contrast, Kit-build users remember 87% of the revised information. Not only that, but
the standard deviation is lower for Kit-build, suggesting results are more stable. Both Air
and Kit maintain similar transitions during map building, but Air drops steeply after the
2-week delay, as far as reviewing is concerned. In contrast, Kit shows little loss in reviewed
knowledge after the 2-week delay.

Looking at the scatter plot in Fig. 4, multiple Kit-build users forgot none of the test
answers related to reviewed information after 2 weeks. In the worst case scenario, Kit-
build users would forget two answers, while Airmap users could forget up to four answers.

To address how the positioning task affects delayed new knowledge, we compare the
values of retained new in the boxplots of Fig. 3 and the average values seen in Table 4.
There is very little difference in normalized retained new between the two interfaces. This
suggests that the two interfaces do not differ in retention as an acquisition tool. Users of

Table 4 Average and standard deviation for the four relevant normalized metrics

Group Number Review New Retained review Retained new
Air 19 0.92(0.13) 0.66 (0.29) 0.60(0.27) 0.57(0.38)
Kit 16 0.89(0.12) 0.72(0.21) 0.87(0.17) 0.60 (0.34)

Review and retained review are related to reviewed knowledge. New and retained new are related to new knowledge. Kit is the
condition which takes influence from the positioning task
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both interfaces remember around 60% of the acquired information. This value is similar
to the normalized retained review users have during Airmap use. This suggests that users
process reviewed information and new information at around the same level while using

Airmap.

Discussion
Results show that there was little difference in immediate new knowledge, in the retention

of new knowledge, and in immediate reviewed knowledge. As such, we can assume that
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able to retain more after the 2-week period when compared to the Air condition
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the differences between the interfaces are not associated with processing new knowledge.
Thus, Airmap outperforms Kit-build when new knowledge is of concern since users can
make maps using less effort without decreasing immediate and delayed understanding of
new knowledge. The reduction in effort, believed to also cause a reduction in cognitive
load, is desirable because it has been associated with various benefits, such as reduced
stress and higher satisfaction (Zhang et al. 2015; Ward and Mann 2000). Results are in
line with past research that stated the positioning task does not affect immediate learning
gains (Furtado et al. 2018), but it goes further to also state that it does not affect the
retention of new information.

This, however, did not hold true for delayed reviewed knowledge. Kit-build outper-
forms Airmap in retention of reviewed content after a 2-week period. As such, we have
a trade-off between effort and reviewing retention. Cognitive load reduction leading to a
reduction in general retention has been shown in other research as well (Kirschner et al.
2009; Schnotz and Rasch 2005), which is in line with the theory that Airmap has lower
cognitive load than Kit-build (Furtado et al. 2018). Unlike past results, results suggest that
this influence on retention is limited to reviewing activities. The reduction is believed
to be mostly caused by the layout management burden, but there is also the visual load
reduction factor. Isolating these two factors to see how they affect reviewing retention is
a matter for future studies.

Results also inform further educators who use closed concept map building tools. Pre-
viously, it was stated that Kit-build should be used whenever retention is of concern
(Furtado et al. 2018). However, current results suggest that Kit-build should be used as a
tool for reviewing. If the user does not have a good grasp of the content, Airmap is better
suited since a good portion of information will be new. Furthermore, developers of other
closed concept map building tools now have more information when deciding whether or
not to add automatic layout management and spatial separation to their tools.

Past research has also pointed out that learning applications, in general, could be made
easier to use by applying automatic layout management and spatial separation when
retention is not of concern (Furtado et al. 2018). The same work also pointed out that
using a reversed approach could benefit retention gains in learning activities. Adding the
positioning task to the activity would be the reversed approach. Current results go fur-
ther, stating that retention is only prejudiced during reviewing activities, so the amount of
activities that could benefit from removing the positioning task is higher than previously
thought. However, the reversed approach that was thought to benefit overall retention
is suggested to only influence retention during reviewing. As such, only learning activi-
ties which focus on reviewing knowledge should consider this reversed approach. Fields
in which retention plays a strong role, such as vocabulary learning (Folse 2006) and sci-
ence classes (O’day 2007), could benefit from review activities focused on these reversed

approaches.

Conclusion

This study showed the effect of the positioning task has on reviewed knowledge and
new knowledge when using closed concept maps. The positioning task did not affect
new knowledge in any way while affecting reviewed knowledge after a 2-week retention
period. Thus, having to manage the layout during concept map creation and hav-
ing to search around for pieces in a complex space help students commit reviewed
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information deeper into memory, without affecting new information attained during
the process.

The obtained results inform educators and researchers of when the positioning task is
desirable in the use of closed concept maps. It also helps inform learning activity designers
of the potential benefits of redesigning an activity to include or exclude the positioning
task.

A limitation of this study is that the two factors related to cognitive load were not sepa-
rated. Because of this, it is unknown how much the spatial separation of elements and the
automatic layout management separately influence learning and cognitive load. Another
limitation of the study is that it does not include how involved the students are in the
positioning task when using Kit-build. Different students may be more or less involved in
positioning. They might also give positioning different degrees of importance. This study
does not take these elements into consideration. The fact that only one learning material
was used in the experiment is also a limitation. The comprehension test used was verified
by a university teacher of English who is also a native speaker, but it is a non-standardized
test. Using standardized materials in a future experiment would improve the robustness
of the results.

One matter for future studies is analyzing differences in knowledge acquisition with-
out the use of feedback mechanisms. Finally, an investigation of whether or not time
and energy saved by using Airmap can be used in other activities might strengthen the
retention of reviewed knowledge when using the tool. Finally, a mixed approach of using
first Airmap to introduce the content and then Kit-build to review could extend the
retention-enhancing properties of Kit-build to a larger portion of the learning content.
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