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Abstract
Learner control of video presentations by using pause buttons or timeline scrollbars was 
suggested as helpful for learning from sources of transient information such as dynamic 
visualizations and spoken words. However, effective learner control could be difficult to 
attain without sufficient instructional support. This study developed strategies for facilitat-
ing processing and integration of transient information based on cognitive load theory by 
providing learners with explicit guidance in when and how to use pausing and timeline 
scrollbars while watching instructional videos. A single-factor between-subjects experi-
ment was conducted to examine the effects of the proposed strategies. Ninety undergradu-
ates were randomly assigned to one of three groups - strategy guidance group (learners 
were provided with guidance in strategies), learner control group (learners were allowed 
to control the video but without any guidance in strategies), and continuous presentation 
group (without any learner control mechanism). The results revealed that compared to 
the learner control group, the strategy guidance group had a greater number of pauses 
and scrollbacks on the timeline, demonstrated significantly better performance in the im-
mediate comprehension test and higher performance efficiency in the immediate recall 
and comprehension tests. Compared to the continuous presentation group, the strategy 
guidance group demonstrated significantly better performance in the immediate recall and 
comprehension tests and higher performance efficiency in both these tests, as well as better 
performance in the delayed recall test and higher performance efficiency in the delayed 
recall test.

Keywords Multimedia learning · Cognitive load theory · Learner control · Strategy · 
Instructional video · Transient information effect
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Introduction

Video is a kind of multimedia material that can be easily accessed in online environments 
such as YouTube, and also a common digital learning resource used in self-directed learning 
(Lee et al., 2017; Li et al., 2020). During the COVID-19 pandemic, video was also taken as 
the primary instructional medium because in person learning was replaced by online learn-
ing as the main learning type (Mayer, 2021). However, learning with video is not always 
efficient as video content often includes a significant amount of transient verbal and visual 
information that is difficult to process and integrate for understanding (Wong et al., 2020). 
Therefore, assisting learners in effective learning with video is undoubtedly an important 
academic and practical issue.

It has been suggested that the learner control of digital devices using pause buttons or 
timeline scrollbars could facilitate the processing of highly interacting transient information 
of video (Castro-Alonso et al., 2021; Hatsidimitris & Kalyuga, 2013; Höffler & Schwartz, 
2011). However, a few studies found out that such learner control mechanisms (e.g., pause 
buttons or timeline scrollbars) were seldom used by learners (e.g., Biard et al., 2018; Liu 
et al., 2022), which might be a reason why learner control in learning with video was not 
as effective as expected (Biard et al., 2018). A further explanation to such situation is that 
participants were usually provided with only a mechanism for controlling the video, but 
without a corresponding level of support regarding when and how to use it. Accordingly, 
this study aimed to develop strategies for facilitating better integration of transient informa-
tion based on cognitive load theory by guiding learners in when and how to use pause and 
timeline scrollbar, two major learner control mechanisms. The effects of the suggested guid-
ance strategies on learning with video were examined in the reported experiment.

Transient information effect and learning with video

Transient information effect is an instructional effect based on cognitive load theory (Cas-
tro-Alonso et al., 2018; Leahy & Sweller, 2016; Sweller et al., 2011; Wong et al., 2012). 
According to this theory, processing transient and fleeting information (such as narrated text 
or dynamic visualizations) could be a highly cognitively demanding task because learn-
ers need to keep current transient information in limited-capacity working memory and 
integrate this information in a short period of time with new incoming information. The 
mentioned processes may consume mental resources that are extraneous to the comprehen-
sion of learning contents (i.e., extraneous cognitive load) and thus create potential cognitive 
overload (Kalyuga, 2012; Liu et al., 2022; Singh et al., 2017). Moreover, learning contents 
presented in dynamic forms (e.g., narration, video or animation) could be more difficult to 
understand by learners than the same contents presented in permanently displayed forms 
(e.g., written texts, static images) (Castro-Alonso et al., 2018; Singh et al., 2017; Wong et 
al., 2012).

Transient information effect is often observed in learning with videos composed of 
dynamic visualizations and accompanying narrations (Castro-Alonso et al., 2021; Liu et al., 
2022). In such situation, visualizations and narrations are two sources of transient informa-
tion that needs to be integrated for understanding the video contents. Before the integration 
is completed, learners need to keep the elements of already narrated information in working 
memory while searching for corresponding elements in the dynamic visualizations on the 
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screen; finally, they should match the two sources of information for understanding (Leahy 
& Sweller, 2016; Liu et al., 2022). It is believed that transient information effect would be 
more pronounced in video contents with high levels of element interactivity, in which one 
source of information is highly dependent on the other sources (Wong et al., 2020).

Learner control: pause and timeline scrollbar

Learner control means the ability of learners to control the pace or sequence of multi-
media presentation by pressing “pause”, “rewind”, “forward” buttons or using “timeline 
scrollbar”. All of these mechanisms are suggested as useful means for reducing transient 
information effect (e.g., Biard et al., 2018; Castro-Alonso et al., 2021; Chen & Yen, 2021; 
Hatsidimitris & Kalyuga, 2013). Pause is the mechanism that was mostly investigated in the 
studies of instructional effectiveness of learner control (Castro-Alonso et al., 2021). From 
the perspective of cognitive load theory, pausing a presentation could provide learners with 
more time to consolidate and integrate mental representations based on the narration and 
dynamic images on the screen, thus reducing a potential cognitive overload from processing 
two sources of transient information at the same time (Liu et al., 2022).

However, there were inconsistent findings regarding the effects of learner pausing in 
multimedia presentations. For example, in the study by Hasler et al., (2007), learners who 
were allowed to control the multimedia presentation with dynamic visualization by pressing 
“Stop” and “Play” buttons performed better than those who could only watch the continuous 
presentation. The positive effects of pausing on learning were also proved in the study by 
Liu et al., (2022). On the contrary, no benefits of learner-controlled pausing on learning with 
multimedia presentations were found in the study of Biard et al., (2018). Their study also 
indicated that learners seldom pressed “Pause” button while watching the video. In addition, 
learner pausing was considered to be not as effective as system pausing in benefiting reten-
tion performance in the recent meta-analysis by Rey et al., (2019).

The lack of sufficient expertise and ability to monitor their own learning with dynamic 
visualizations are considered to be possible reasons for the inconsistent findings regarding 
the effectiveness of learner pausing (Biard et al., 2018; Castro-Alonso et al., 2021). Another 
possible reason is cognitive overload that might result from controlling the video (Höffler & 
Schwartz, 2011). The last but possibly the most important reason is that learners might not 
make use of the pause in a way that helps them with learning (Renkl & Scheiter, 2017). The 
mentioned findings showed that most participants lacked sufficient metacognitive skills to 
use pauses when learning from videos.

Timeline scrollbar is a scrub bar moving along the timeline that allows learner to revisit 
the watched sections or to skip sections that they have been familiar with when watching 
multimedia presentations. To control dynamic visualizations, Hatsidimitris and Kalyuga 
(2013, Experiment 2) suggested using a visually and semantically indexed scrollbar in 
which a sequence of icons was shown to assist learners in finding and reviewing difficult 
sections. The results showed that, for novice learners, the indexed scrollbar was an effective 
means for managing cognitive load involved in processing transient information.

When using learner control of video presentations to enhance learning, it is also neces-
sary to support learners in effective use of control mechanisms, which might be the premise 
of successful learning. Considering participants’ lack of sufficient knowledge of how to 
use the visually and semantically indexed scrollbar to learn with dynamic visualizations, 
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Hatsidimitris and Kalyuga (2013) provided explicit instructional advice to learners before 
the learning session. The results indicated that, compared with those watching the presenta-
tion without timeline scrollbar, novice learners who were guided in using the visually and 
semantically indexed scrollbar demonstrated significantly better results in learning complex 
scientific topics.

Using learner control mechanisms to facilitate integration of transient information

Learner control was suggested as a way to manage transient information effect (Castro-
Alonso et al., 2021; Chen & Yen, 2021; Hatsidimitris & Kalyuga, 2013). However, the ben-
efits of learner control might not be attained if there was not enough instructional support 
regarding the use of control devices (Renkl & Scheiter, 2017). Guiding learners in when 
and how to use learner control mechanisms could be helpful in solving this problem, but 
the available research evidence on this issue is very limited. Therefore, this study is trying 
to make up this gap. Considering that processing transient information would induce high 
levels of cognitive load when learning with videos (especially for materials with high levels 
of element interactivity), two previously mentioned learner control mechanisms (i.e., pause 
and timeline scrollbar) were applied to implement the corresponding strategies for facilitat-
ing processing and integration of two sources of transient information involved in video 
presentations, narration and dynamic visualization.

The strategy for facilitating processing and integration of transient information by paus-
ing the video. Pausing the video at the moment when leaners experience cognitive overload 
because the material looks too complex and difficult to remember or comprehend (i.e. learn-
ers know when to pause) could be an effective means for managing cognitive load. In the 
current study, learners were informed and explicitly instructed that at such moments, they 
could press the “Pause” button to stop the narration and leave only the corresponding still 
visualization frame on the screen, then press “Play” button when they believe they have suf-
ficiently familiarized themselves with the content to consolidate their understanding (i.e., 
learners know how to use pausing). This strategy is expected to facilitate the following inte-
gration of visualizations and narration. A somewhat similar approach was applied by Liu et 
al., (2022) who demonstrated that system-controlled pausing automatically triggered either 
before or immediately after the sections with high element interactivity enhanced learning 
outcomes compared with continuous presentations.

The strategy for facilitating processing and integration of transient information by 
moving the timeline scrollbar backward. Because of the transient nature of narration and 
dynamic visualization, learners are likely to miss out some points of the presentation, thus 
potentially impeding the following integration. Scrolling backward the timeline scrollbar 
to revisit the missed information could facilitate the following integration (Hatsidimitris 
& Kalyuga, 2013). In the current study, learners were explicitly guided that when they 
found certain sections of the video too difficult to remember or comprehend (i.e., learners 
know when to use), they could scroll the timeline scrollbar backward to revisit these sec-
tions (i.e., they know how to use). Pausing and scrolling back the timeline scrollbar can 
be effectively combined together. For example, when learners feel that the narration is too 
difficult to understand, they can pause the video to focus on the still visualization first, and 
then scroll back to listen to the narration again. By using the strategies of pausing to process 
a still visual only and scrolling back to revise all the elements of the presentation, learners 
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are expected to better integrate transient information and understand the video contents. 
In addition, leaners who use both strategies are also expected to have higher performance 
efficiency. Performance efficiency is an indicator reflecting the relation between the learn-
ing performance and cognitive load experienced by learners when responding to the test 
(Van Gog & Paas, 2008), and is considered as a suitable indicator of overall learning quality 
(Chen et al., 2012; Van Gog & Paas, 2008). It is assumed that using these strategies would 
create more efficient learning video environments that results in improved performance with 
relatively less experienced cognitive load in the test phase.

Hypotheses

This study investigated the effects of strategy guidance in using learner control mechanisms 
by comparing a group of university students who were explicitly guided to use the strate-
gies (strategy guidance group) with a learner control group (without any guidance) and a 
continuous presentation group (without any learner control mechanism). Participants in the 
strategy guidance group were guided and requested to use the two strategies for facilitating 
integration of transient information. Participants in the learner control group were allowed 
to use pause and timeline scrollbar during learning, however, they were not explicitly guided 
when and how to do so. Participants in the continuous presentation group were not allowed 
to use pause and timeline scrollbar during learning.

For the strategy guidance group and learner control group, participants’ behaviors of 
pause and scrollback were recorded. Participants in the strategy guidance group were 
expected to have significantly more times of pauses and scrollbacks on the timeline than 
participants in the learner control group (Hypothesis 1). For all groups, participants’ imme-
diate and delayed post-test performance, cognitive load, and performance efficiency were 
measured. Based on the theoretical rationales supported by the transient information effect 
in cognitive load theory, participants in the strategy guidance group were expected to dem-
onstrate significantly better immediate and delayed post-test performance, lower cogni-
tive load and higher performance efficiency than participants in the learner control group 
(Hypothesis 2). In addition, participants in the strategy guidance group were expected to 
demonstrate significantly better immediate and delayed post-test performance, lower cogni-
tive load and higher performance efficiency than participants in the continuous presentation 
group (Hypothesis 3).

Methods

Experimental design and participants

A single-factor between-subjects experimental design was conducted to address the hypoth-
eses. Ninety undergraduates (18 males and 72 females; Mage = 19.88 years, SDage = 1.37) 
who were enrolled in a national university in northern Taiwan were randomly assigned to 
one of three experimental groups - strategy guidance group, learner control group, and con-
tinuous presentation group. There was no significant difference in the prior knowledge test 
performance for the three groups, F (2, 87) = 0.697, p = .501.
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Learning materials

The topic of the experimental learning session was “Operation of nuclear power plant”. Four 
sub-topics were delivered by a video composed of dynamic images with accompanying nar-
ration, including: main components of nuclear power plants, power generation principles of 
nuclear power plants, energy conversions in nuclear power plants, and the environmental 
impact from the operation of nuclear power plants. Figure 1 is a screenshot of the learning 
material. All contents of the learning material were presented in Mandarin Chinese. The 
original version of the video was developed by the research group and then revised by three 
nuclear power experts and two institutional design experts. The final version of the video 
included 1,686 narrative words and the length of the video was 7 min and 27 s.

The contents of the learning materials for the three groups were identical. The only two 
differences were whether the three groups were allowed to control the video or not, and how 
they were instructed to interact with the video prior to the learning phase. An instruction 
presented in a sample video with a different learning topic (cranial nerves) was developed 
to assist participants to familiarize themselves with what they should do during learning. 
Participants in the strategy guidance group were informed that “when you feel the image or 
narration presented in the video is too complex to remember or comprehend, please press 
the pause button to watch the contents on the screen” and “when you feel the video contents 
that you just watched are too difficult to remember or comprehend, please scroll back on the 
timeline to the corresponding time point and then watch the contents again”. Participants in 

Dependent variable Strategy 
guidance
N = 30

Learner 
control
N = 30

M SD M SD
Number of pauses 1.43 1.91 0.17 0.46
Number of scrollbacks on the timeline 3.17 2.00 1.57 1.63

Table 1 Means and standard 
deviations for the number of 
pauses and dragging scrollbacks 
on the timeline

 

Fig. 1 A screenshot of the learning material (The narration texts were translated from Mandarin Chinese)
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the learner control group were told that they could freely control the video while watching 
it using the pause button or timeline scrollbar. Participants in the continuous presentation 
group were provided with the video without pause and scrollbar features and were guided to 
go through all the contents of the video.

Table 2 Means and standard deviations for learning performance, cognitive load and performance efficiency
Dependent variable Strategy guidance

N = 30 
Learner control
N = 30 

Continuous 
presentation
N = 29

M SD M SD M SD
Learning phase
Cognitive load (1–9) 6.63 1.33 6.33 1.52 6.03 1.64
Immediate post-test phase
Recall (0–11) 9.53 1.48 9.03 1.61 8.48 1.86
Comprehension (0–28) 21.47 3.13 19.40 4.50 18.72 4.82
Cognitive load (1–9) 7.10 1.32 7.57 1.19 7.34 1.04
Performance efficiency of recall 0.34 1.05 -0.14 1.11 -0.24 1.15
Performance efficiency of comprehension 0.39 1.01 -0.20 1.17 -0.18 1.11
Delayed post-test phase
Recall (0–11) 8.90 1.27 8.57 2.08 7.76 1.99
Comprehension (0–28) 19.97 4.51 19.97 6.03 18.76 3.97
Cognitive load (1–9) 6.60 1.22 6.87 1.17 6.79 1.45
Performance efficiency of recall 0.32 0.94 -0.08 1.25 -0.26 1.05
Performance efficiency of comprehension 0.20 1.23 -0.08 1.32 -0.12 0.91

Table 3 The results of the planned contrasts for the measures of learning performance, cognitive load and 
performance efficiency for each comparison
Dependent variable Strategy guid-

ance vs.
Learner 
control 

Strategy 
guidance
vs.
Continuous 
presentation

t p t p
Learning phase
Cognitive load 0.78 0.220 1.54 0.064
Immediate post-test phase
Recall 1.17 0.123 2.44 0.008**
Comprehension 1.90 0.030* 2.50 0.007**
Cognitive load -1.51 0.067 -0.79 0.217
Performance efficiency of recall 1.69 0.048* 2.03 0.023*
Performance efficiency of comprehension 2.09 0.020* 1.99 0.025*
Delayed post-test phase
Recall 0.75a 0.229 2.61a 0.006**
Comprehension 0.00 0.500 0.94 0.175
Cognitive load -0.81 0.211 -0.58 0.282
Performance efficiency of recall 1.42 0.080 2.03 0.023*
Performance efficiency of comprehension 0.90 0.186 1.02 0.154
*p < .05, **p < .01
at-value under “equal variances not assumed”
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Measures

Behaviors of pausing and scrolling back on the timeline were traced for the strategy guid-
ance group and the learner control group. For these two groups, participants’ behaviors of 
controlling the video were collected with log files and screen recorder program. Since the 
current study mainly focused on the use of pauses and scrollbacks on the timeline during 
watching the video, only these two behaviors were selected for analyses after the experi-
ment. One time of “pause” behavior would be scored when the participant pressed the pause 
button and stayed paused for at least a few seconds. One time of “scrollback on the timeline” 
behavior would be scored when participant scrolled back on the timeline to reverse the 
video for a while.

Prior knowledge test was applied to assess participants’ prior knowledge about nuclear 
power, which was composed of ten multiple choice items (e.g., What is the main source of 
energy generated by nuclear power plants?). A point was allocated for a correctly answered 
item (with maximum possible score of 10 for the test). The internal consistency reliability 
coefficient (KR-20) of the prior knowledge test was 0.59. Immediate post-test was used to 
assess participants’ recall and comprehension of the learning material immediately after 
the experiment. There were 39 items in the post-test, of which 11 items (2 multiple choice 
items and 9 matching items) were designed for assessing recall performance (e.g., Which 
of the following is often referred to as the heart of a nuclear power plant?) and 28 items 
(25 multiple choice items and 3 matching items) were designed for assessing comprehen-
sion performance (e.g., When a nuclear power plant is operating, which of the following is 
correct about the chain reaction of nuclear fission?). A point was allocated for a correctly 
answered item (with maximum possible score of 11 for recall items and 28 for comprehen-
sion items). The internal consistency reliability coefficient (KR-20) of the recall items and 
comprehension items was 0.60 and 0.79, respectively. Delayed post-test was used to mea-
sure the degree of retention of participants’ recall and comprehension of the learning mate-
rial. The items of the delayed post-test were identical to the items of the immediate post-test, 
but the sequence of their presentation was different. The delayed post-test was conducted 
one week after the intervention phase.

Mental effort rating scale was used to measure the degree of cognitive load when the 
participants were performing the task in the learning phase, immediate post-test phase and 
delayed post-test phase. The mental effort rating scale was revised from the scale developed 
by Paas and Van Merriënboer (1994). Three 9-point Likert items (1 - very very low mental 
effort and 9 - very very high mental effort) with the same format were applied in different 
phases for measuring participants’ mental effort invested in “completing the learning task” 
(in the learning phase) and “responding to the test” (in the immediate post-test and delayed 
post-test phase).

Performance efficiency (E) was used as an index to indicate the relation between the 
test performance and cognitive load in responding to the test. The computational approach 
(E = (P − C)/

√
2) proposed by Paas and van Merriënboer (1993) was adopted for cal-

culating this index (P is the standardized test performance score and C is the standardized 
cognitive load score). Higher performance efficiency refers to the situation that participants 
have relatively higher test scores but lower cognitive load during the test. In the present 
study, performance efficiency was calculated separately for the recall and comprehension 
items in immediate and delayed post-tests respectively.
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Experimental procedures

Participants attended the following three phases individually. In the preparation phase, par-
ticipants were informed about the purpose of the experiment and their right as the partici-
pants with a consent form. After reading and signing the consent form, they filled out the 
personal information questionnaire and took the prior knowledge test. In the intervention 
phase, each participant was randomly assigned to one of the three experimental conditions 
with the corresponding format of instruction. Immediately after the instruction in how to 
control the video, in order to confirm that participants in the strategy guidance group could 
correctly use the control strategies while watching the video, they were required to practice 
the two strategies using a sample video (with a different learning topic). Also, to confirm 
that participants in the learner control group indeed knew that they had the ability to use 
the two control mechanisms, they were required to practice pressing the pause button and 
scrolling the timeline scrollbar on the sample video. The formal learning session started 
after participants confirmed that they understood the format of instruction. Participants were 
given 12 min to complete the formal learning task. Their behaviors of controlling the video 
were collected with log files and screen recorder program. The first mental effort rating scale 
was administered after the learning session. In the test phase, an immediate post-test took 
place directly after the intervention phase and a delayed post-test was conducted one week 
later. The mental effort rating scales were administered after the immediate and delayed 
post-tests.

Results

Number of pauses and scrollbacks on the timeline

Overall, the strategy guidance group recorded 43 pauses and 138 scrollbacks on the time-
line. The learner control group recorded 5 pauses and 52 scrollbacks on the timeline. Table 1 
shows the means and standard deviations for the number of pauses and scrollbacks on the 
timeline made by the two groups.

Testing Hypothesis 1: Strategy guidance group vs. Learner control group. Two indepen-
dent t-tests were conducted to test whether the strategy guidance group had significantly 
more times of pauses and scrollbacks on the timeline than the learner control group. Since 
the data of number of pauses and number of scrollbacks on the timeline did not meet vari-
ance homogeneity, t-values under “equal variances not assumed” were reported for both 
dependent variables. The results showed that strategy guidance group had significantly 
more pauses (t = 3.54, p = .001, Cohen’s d = 0.91) and scrollbacks on the timeline (t = 3.39, 
p = .001, Cohen’s d = 0.88) during learning than the learner control group.

Learning performance, cognitive load and performance efficiency

One participant (male) in the continuous presentation group was excluded from the data 
analysis because of the identified unengaged responses to the immediate post-test. Table 2 
presents the means and standard deviations for the measures of cognitive load in the learn-

1 3

871



Y.-C. Lin et al.

ing phase, learning performance, cognitive load and performance efficiency in the immedi-
ate and delayed post-tests phase for the three groups.

A series of planned contrasts was conducted to test whether the strategy guidance group 
had better learning performance, cognitive load and performance efficiency than the learner 
control group (Hypothesis 2), and whether the strategy guidance group performed better 
than the continuous presentation group in learning performance, cognitive load and perfor-
mance efficiency (Hypothesis 3). The results are showed in the Table 3.

Testing Hypothesis 2: Strategy guidance group vs. Learner control group. The results 
indicated that the strategy guidance group had significantly better comprehension perfor-
mance in the immediate post-test than the learner control group (t = 1.90, p = .030, Cohen’s 
d = 0.53), but no difference was found in the recall performance. In addition, although no dif-
ference was found for cognitive load in the immediate post-test, the strategy guidance group 
still demonstrated higher performance efficiency in both recall and comprehension tests 
than the learner control group (t = 1.69, p = .048, Cohen’s d = 0.44; t = 2.09, p = .020, Cohen’s 
d = 0.54). No difference was found between the two groups for cognitive load measured in 
the learning phase and for all measures collected in the delayed post-test.

Testing Hypothesis 3: Strategy guidance group vs. Continuous presentation group. The 
results indicated that in the immediate post-test, the strategy guidance group significantly 
outperformed the continuous presentation group in both the recall (t = 2.44, p = .008, Cohen’s 
d = 0.62) and comprehension parts (t = 2.50, p = .007, Cohen’s d = 0.68). Even though no dif-
ference between the two groups was found for cognitive load, strategy guidance group dem-
onstrated significantly higher performance efficiency of both recall and comprehension tests 
than the continuous presentation group (t = 2.03, p = .023, Cohen’s d = 0.53;t = 1.99, p = .025, 
Cohen’s d = 0.54). In the delayed post-test, strategy guidance group showed significantly 
better recall performance and the corresponding index of performance efficiency than the 
continuous presentation group (t = 2.61, p = .006, Cohen’s d = 0.68, t = 2.03, p = .023, Cohen’s 
d = 0.58). However, no significant difference was found for cognitive load ratings. Also, 
there was no significant difference between the two groups for comprehension performance 
and its corresponding index of performance efficiency.

Discussion

Processing and integrating transient information is a necessary but challenging step for 
understanding video contents, especially in sections with high levels of element interactiv-
ity (Liu et al., 2022; Wong et al., 2020). Based on cognitive load theory, this study proposed 
using two strategies for learner control mechanisms to facilitate integration of transient 
information in instructional video. The results supported the first hypothesis: the strategy 
guidance group used significantly more pauses and scrollbacks on the timeline during learn-
ing than the learner control group. The results partially supported the second hypothesis: the 
strategy guidance group demonstrated significantly better immediate comprehension per-
formance and immediate recall and comprehension performance efficiency than the learner 
control group. The results also partially supported the third hypothesis: the strategy guid-
ance group demonstrated significantly better immediate recall and comprehension perfor-
mance and performance efficiency than the continuous presentation group. Moreover, the 
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strategy guidance group maintained the advantage in the delayed recall performance and 
recall performance efficiency compared with the continuous presentation group.

The enhanced performance of the strategy guidance group together with the increased 
usage of learner control mechanisms (as evidenced by the larger number of pauses and 
scrollbacks on the timeline for this group) provides direct evidence to prove that giving 
learners explicit guidance to implement strategies by using learner control mechanisms can 
improve the effectiveness of learner control. At a basic level, the guidance in using learner 
control strategies encourages participants to use the pause and timeline scrollbar. Pausing 
is a simple learner control mechanism which has been included in most studies of learner 
control approaches. However, rather limited actual usage of pausing was found in many 
studies (e.g., Biard et al., 2018; Hasler et al., 2007; Liu et al., 2022). In this study, although 
the participants in the learner control group were told that they could use the two control 
mechanisms depending on their needs and they were also required to perform a practice 
task to confirm that they knew how to use these two mechanisms, in line with previous stud-
ies, they ended up with rarely pressing the “Pause” button when watching the video (only 
5 pauses were recorded for 30 participants in the learner control group). On the contrary, 
the strategy guidance group paused the video 43 times. Also, the strategy guidance group 
scrolled back the timeline to revise the video more frequently (138 times) than the learner 
control group (52 times).

At a deeper level, when participants in the strategy guidance group, who were explic-
itly guided to pause the video when they felt that the narration or dynamic visualization 
was too complex for them, actually paused the video, they could have more time to pro-
cess still visualization on the screen and consolidate the information delivered up to that 
point in the process of constructing an integrated mental model. After they consolidated 
knowledge associated with the paused visualization frame, they could continue playing the 
video to achieve the following phase of integration. Furthermore, participants in the strat-
egy guidance group were taught to scroll back to revise the video contents and make up the 
information that they previously missed out to complete the current stage of integration. 
Accordingly, with the guidance provided, participants in the strategy guidance group could 
use one or both of the two learner control mechanisms depending on their needs.

The benefits of strategy guidance were demonstrated for most measures in the immedi-
ate post-test phase. However, even in this test, for the comparison of strategy guidance 
group and learner control group, significant difference was found only in the comprehen-
sion performance but not in the recall performance. It is possible that implementing strat-
egy guidance in learning with video is a rather difficult task that requires complex mental 
processes of learners (e.g., monitoring when they should pause or scroll back the video). 
Such processes could facilitate deeper learning resulting in enhanced comprehension but 
not superficial learning that would otherwise result in enhanced recall. Similar findings were 
reported by Cerdán et al., (2009), who observed that conducting difficult tasks (answering 
high-level questions during learning) would facilitate deep comprehension but not immedi-
ate recall performance. Another consequence of the above processes involved in realizing 
strategy guidance could be increased intrinsic cognitive load (relevant to the instructional 
goal) that might override the reduction of extraneous (wasteful) cognitive load achieved by 
decreased transiency of information delivered through video (e.g., see Sweller 2010). This 
could possibly explain the absence of differences in cognitive load found in the comparisons 
of the strategy guidance group and learner control group or continuous presentation group. 
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This possible explanation needs further investigation with more advanced tools for measur-
ing different types of cognitive load.

Limitations and further directions

There are some limitations in this study. First, since the cognitive load was measured with 
one-item scale, it is difficult to provide direct evidence to identify how specific types of cog-
nitive load changed with or without the use of strategies. Future studies are recommended 
to apply multiple-item cognitive load scales that can differentiate intrinsic, extraneous and 
germane cognitive load (e.g., Klepsch et al., 2017; Klepsch & Seufert, 2020) to further 
investigate the effects of the strategies on different types of cognitive load. Moreover, learn-
ers’ prior knowledge of the strategies, which might influence the effectiveness of strategies, 
was not considered in this study. In terms of cognitive load theory, learners with low prior 
knowledge of strategies might invest more mental efforts when applying newly acquired 
strategies compared to the learners who are well familiar with the strategies. Therefore, 
learners’ prior knowledge of strategies is suggested to be included as an important fac-
tor in studying the issues of strategy use. Furthermore, although the sequence of items in 
the immediate post-test and delayed post-test was different, memory effects may still have 
biased the results of delayed post-test performance even after one week. Future studies are 
recommended to find a better way to reduce the possible memory effects on delayed post-
test performance.

In addition, the length of the video used in the current study was short (7 min and 27 s); 
future studies may further investigate the effects of strategy guidance in learning with lon-
ger duration (which involves more pronounced transiency issues) and examine whether 
this approach could be applied to different types of instructional videos. Also, this study 
explored the effects of pauses and moving scrollbar in the same condition, and did not 
compare the difference between the two strategies in enhancing students’ performance. It is 
suggested that future studies design an experiment to separate the condition of pause and the 
condition of scrollbar, and to explore their effects individually.

Conclusion

Lack of knowledge regarding when and how to use learner control mechanisms was often 
considered to be a reason why learner control approaches did not always work effectively 
in learning with video (Castro-Alonso et al., 2021; Hatsidimitris & Kalyuga, 2013; Renkl 
& Scheiter, 2017). Considering the prevalent use of video in self-directed learning, it will 
make significant practical implications to develop strategies for supporting learners in using 
learner control mechanisms to achieve effective learning with all types of videos. However, 
it has not yet become a specific research aim to develop strategies for guiding learners in 
when and how to use learner control mechanisms before watching the video, even though 
many scholars indicated the importance of it (Castro-Alonso et al., 2021; Renkl & Scheiter, 
2017).

Differently from previous studies that only gave learners the opportunities to use the 
control mechanisms (e.g., pause), in the current study, participants in the strategy guid-
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ance group not only had the opportunities to control the video, but were also provided 
with instructional support in when and how to use the control mechanisms for reducing the 
negative effects of transient information and high element interactivity. The results showed 
that guiding learners in using the control mechanisms in video presentations was effective 
in enhancing learning with video. Based on the results, there are a few suggestions for using 
videos in teaching and learning and for designing proper instruction/study processes. First, 
learners could be provided with explicit guidance on how and when to use learner control 
mechanisms before the start of video. Second, for complex and difficult sessions, there 
should be reminders for learners to pause or use timeline scrollbars, in order to provide 
them with timely support to use the control mechanisms properly. Third, instructors could 
develop appropriate teaching methods to supplement the use of different learner control 
mechanisms. For example, when it comes to the difficult sessions of a video, instructors can 
pause the video and tell learners to comprehend the visualizations shown on the screen first 
and continue playing the video after they become familiar with the visualizations, in order 
to better integrate the narration and visualizations.
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