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The inclusion of technology in education has opened the door for more innovative methods of
teaching. By integrating technology, instructors can leverage the individualized nature of self-
guided learning while maintaining a classroom structure. A commonly used approach to this
mix of technology and pedagogy is hybrid learning, which includes a student-driven
component in which students interact with online materials outside of the classroom and then
engage in collaborative work or problem-solving activities during class time. The purpose of
this study is to examine how the students interact with online learning materials as they learn
how to solve problems in a hybrid construction engineering course. The students’ online
behaviors and gaze movements were recorded using eye-tracking technology, and the
findings were analyzed to understand how students used various scaffolding resources
embedded in the online environment. The results indicated that the students each developed
their unique strategies for accessing resources and completing the online module; however, a
single strategy did not emerge as more effective than the others. Rather, the online
component of the hybrid classroom provided flexibility and opportunities for self-paced
learning.
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1. STUDENT USE OF ONLINE RESOURCES IN A HYBRID COURSE: EVIDENCE
FROM EYE-TRACKING

The inclusion of technology in education has opened the door for more innovative methods of
teaching. Traditional methods of teaching require students to passively receive information
through lectures, which are not tailored to individuals and may not be suitable for all learning
outcomes (Chou and Chou, 2011). By integrating technology, instructors can leverage the
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individualized nature of self-guided learning while maintaining a classroom structure. A
commonly used approach to this mix of technology and pedagogy is hybrid learning, which
includes a student-driven component. In hybrid learning, students interact with online materials
outside of the classroom and then engage in collaborative work or problem-solving activities
during class time (Bluic et al., 2007; Humbert, 2007; Porter and Graham, 2015).

Hybrid classrooms tend to rely on self-regulated learning on the part of the students, who are
expected to come to class prepared by having engaged in learning activities outside of the
classroom. One difficulty that arises when dealing with self-regulated learning is that students
generally fail to take the effective approach toward their own learning, particularly when it
comes to problem solving (Foster et al., 2017). Previous research concludes that when
learning how to solve problems, students may not be able to adopt best practices and take
advantage of all of the available tools (Clarebout and Elen, 2004; de Bruin and van
Merriénboer, 2017; Jeong and Hmelo-Silver, 2010). The purpose of this study is to examine
how the students interact with online modules when learning how to solve problems in a hybrid
construction engineering course.

2. BACKGROUND

2.1 Self-Regulated Learning and Scaffolding as a Conceptual Framework

In order to successfully engage in self-regulated learning, a student should go through all four
phases described in the framework of self-requlated learning (Devolder et al., 2012). The
phases include (1) determining the nature of the problem and engaging with prior knowledge
of the task and context; (2) monitoring one’s progress on the task; (3) controlling or modulating
one’s actions in accordance with what has already been done and what still needs to be
completed; and, upon completing the task, (4) reflecting upon what was done. While this
seems like a tall order for any student to do independently, computer-based learning
environments are meant to provide an external structure to support students as they go
through this process.

The help provided within a computer-based learning environment often includes what is known
as scaffolding. Scaffolding is a method of guiding students through problem solving, which
entails decreasing the amount of guidance as the student progresses such that at the
beginning stages the student may be receiving some assistance, but by the end the student is
able to work independently (Devolder et al., 2012; Kim and Hannafin, 2011; Raes et al., 2011).
The purpose of scaffolding is to remove some of the unnecessary strain on mental resources,
which frees up mental resources to be recruited for task-relevant activities (de Bruin and van
Merriénboer, 2017). This idea comes from cognitive load theory, which posits that mental
resources are limited and that learning depends on the optimization of how these resources
are spent (Paas et al., 2003). There are three types of cognitive load: intrinsic, extraneous,
and germane, all of which exist and must be addressed in any learning context.
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Intrinsic load is inherent in the task itself and has to do with how the task is completed. When
solving a complex engineering problem with multiple steps, the intrinsic load includes the
number of steps and the complexity of each one. Extraneous load deals with the environment
in which the learning is occurring. If there are too many possible options for what to do or if it is
challenging to navigate the learning environment, the extraneous load is considered to be
high. Because extraneous load does not contribute directly to learning and takes mental
resources away from other tasks, it is generally considered beneficial to minimize the amount
of extraneous load in a learning environment. Scaffolding is meant to help reduce the mental
burden of being overwhelmed by irrelevant factors by creating a narrow path through the
learning environment (Kim and Hannafin, 2011). By decreasing the extraneous cognitive load,
scaffolding should help guide the student toward the last type of cognitive load—germane.
Germane load is anything that is directly related to the task at hand or the learning outcome. In
self-regulated learning, germane load includes the students’ understanding not only of the
problem but of their knowledge and progress toward solving the problem.

Scaffolding in learning environments can take on four different forms depending on the
information that students are expected to have and the focus of their learning: conceptual,
metacognitive, procedural, and strategic (Hannafin et al., 1999). Conceptual scaffolding
provides guidance during the initial stages of problem solving when the learner might be
overwhelmed with all of the different potential starting points for how to address the problem.
The function of conceptual scaffolding is to narrow the scope of the problem to make it
possible for the learner to start thinking about what information might be relevant and which
knowledge base she should investigate. Metacognitive scaffolding involves the learners’
understanding of how they think about the problem and prompts them to consider a variety of
approaches rather than settling on the one with which he might be the most comfortable.
Procedural scaffolding provides hints about the learning environment itself and what tools are
available to the learner within the environment. Finally, strategic scaffolding can function as
guides through the task or problem by breaking the problem into steps.

2.2 Description of the Course

Construction Equipment and Heavy Construction Methods is a junior-level course offered in a
hybrid format at a large Midwestern university that requires students to complete online
activities (i.e., lectures and modules) before the face-to-face meetings. The course has been
taught in this hybrid format since 2012, and the course development process was described
elsewhere (Karabulut-ligu and Jahren, 2016). The assessments for the course included three
major categories: (1) homework, labs, projects, online modules, and presentations (30%); (2)
quizzes and class participation (10%); and (3) two midterm exams and one comprehensive
final exam (60%).

For the online component, students are required to watch relevant lecture videos and finish
online problem-solving modules before class so that they are better prepared to work on
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complex problem-solving exercises in class. There are 11 lecture videos and 12 modules in
total. Lecture videos aimed to provide conceptual knowledge in which content is presented,
and students are asked to answer multiple-choice questions inserted into the videos. Online
modules, the focus of this study, are developed as example problems, and students are
guided throughout the problem to help them understand the solution process. These modules
were developed using a content authoring tool, Lectora, and include a problem statement,
subquestions, overview videos, and how-to videos (Fig. 1). Overview videos further explain the
problem statement and outline a solution path. How-to videos describe what needs to be done
step-by-step to solve the problem via examples with different numbers. These two videos were
considered as the primary scaffolding resources available in the modules. Students submit
their answers on the platform (three attempts allowed) and receive feedback. Scores are
automatically saved into the course management system and calculated into the final grade.
These online modules are intended to provide the basis for more complex homework and lab
problems.
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FIG. 1: Screenshot of the online module included in the study

2.3 Description of the Scaffolding Resources

The online modules provide students with the conceptual knowledge and structured problem-
solving practice that they need to navigate less structured problems successfully during face-
to-face classes. Students are tasked with completing the online module prior to engaging in
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classroom activities because the module itself functions as scaffolding for the less structured
activities which are done during class.

The scaffolding in the online learning module described in this study is procedural and
strategic. Procedural scaffolding is provided through the inherent structure of modules, which
break a problem down into smaller manageable steps. On-demand how-to videos, which are
shown as links within the online environment, provide strategic scaffolding as they describe
how to approach the problem and suggest factors need to consider—the first phase of self-
regulated learning. These scaffolding resources are removed during complex problem solving
in class, encouraging students to use the strategies they learned during online tasks. Students
experiencing conceptual scaffolding during online problem solving are first directed to consider
the concepts related to the problem. Conceptual scaffolding works by narrowing the scope of a
problem so that learners could focus on the concepts and problem structures that are relevant
rather than having to sift through a much larger pool of topical knowledge in order to determine
a solution path. This kind of scaffolding is provided in online lectures, which present relevant
conceptual information.

2.4 Research Questions

The overarching goal of the present study is to examine how students make use of the online
component of a hybrid course to enhance their learning. In particular, the following research
questions are addressed: (1) How do students interact with an online module that utilizes
scaffolding in structured problem solving in a hybrid learning environment? 2) Is there a
relationship between the use or nonuse of online scaffolding resources and student
assessment scores? and (3) What are student perspectives regarding the online modules of
the hybrid course?

2.5 Eye-Tracking as a Research Tool in Educational Research

Eye-tracking allows researchers to record and analyze users’ eye movements, which give
information about cognitive activities that occur during the learning process in a computer-
based environment. The eye-tracker is an electronic device that comes in three varieties: static
eye-trackers, head-mounted eye-trackers, and head-mounted eye-trackers with head-tracking.
The most common eye-tracker uses the reflections of the pupil and the cornea. As the darkest
part of the eye, the pupil’s location can be informative of what information is likely being
processed by the viewer (Holmqvist et al., 2011). Generally, eye movements consist of a
series of fixations and saccades while reading information or viewing scenes. Fixation refers to
a relatively stable state with a lack of eye movement, which means the eyes are locked toward
an object. Fixations are determined when there is little to no variance in gaze direction over
time and indicate deeper processing of stimuli under investigation (Holmqvist et al., 2011). A
saccade is the rapid eye movement between two consecutive fixations, and scan paths display
multiple successive fixations and saccades (Lai et al., 2013). These measures may help
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researchers answer questions related to time, place, and length of cognitive processing
(Liversedge et al., 1998). Eye-tracking also gives information about count or frequency (e.g.,
fixation count, total viewing time). These various measures that eye-tracking technology
provides add valuable information about learning processes that cannot be satisfactorily
explained by other educational research methods.

As a research tool, eye-tracking has been increasingly used in many disciplines, from gaming
to marketing (Horsley et al., 2014). It has also attracted attention from educational researchers
in reading and writing (Anson and Schwegler, 2012), problem solving in STEM (Susac et al.,
2014), and second language learning (Suvarov, 2014) to name a few. A comprehensive
review conducted by Lai et al. (2013) indicated that eye-tracking has been adopted in
educational research to examine patterns of information processing, student learning states
while interacting with multimedia learning environments, effects of instructional strategies, and
individual differences among learners and how such differences influence conceptual
development. In a related study on problem solving, researchers used eye-tracking to
investigate how learners solve problems during complex tasks, and they found that students
spent more time inspecting relevant factors and pay more attention to chosen options on a
multiple-choice test (Tsai et al. 2012). However, its use in engineering education has been
somewhat limited.

Task engagement in the online environment is an essential key to success in hybrid or flipped
courses which require students to use the knowledge gained in the online environment to
solve complex problems during class. To understand student preparation, previous research
has adopted survey, interview, or click data from the course management systems. However,
these types of data sources fail to provide a complete picture of online student behavior
because of typical flaws with self-reported data (surveys and interviews) or click data. This
study aims to triangulate self-report data with eye-tracking data to explore how students use
available scaffolding resources to solve problems in a construction engineering context.

3. METHODOLOGY

3.1 Data Collection and Analysis

This study adopted a quantitative methodology with three data sources: eye-tracking data,
survey data, and student grades. For eye-tracking, students were asked to complete one of
the online modules in a laboratory setting in order to explore how students use the online
modules, how useful they find the modules, and how using the modules might impact learning
outcomes. The topic for the module was “Crane Load Charts” and required students to read
and locate relevant information on various crane load charts to solve the problem. This module
was chosen mainly for two reasons. First, it was due toward the middle of the semester, by
which time students were expected to be familiar with the module structure and to use the
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resources more purposefully. Second, it is a relatively short module that could be finished in a
reasonable amount of time in a laboratory setting.

The two scaffolding resources for this specific module were “overview” and “how-to” videos.
Two overview videos were provided for students as part of the online module. The first
overview video pertained to the first problem, which encompassed five separate questions.
The second video pertained to the second problem, which encompassed four separate
questions. Nine “how-to” videos were provided throughout the module, each of which
corresponded to a specific question within the problem and provided an example of how a
similar question could be answered using the charts and graphs that accompanied the
problem.

Eye-tracking data were collected using a Tobii Eye Tracker. Participants calibrated the tracker
before starting but were free to move their heads and use resources aside from what was
available on the computer, such as their notes or calculators. Gaze data were extracted
manually by watching videos of participants completing the online module and creating
segments out of stationary screens, which occurred whenever a participant was not opening or
closing new windows. The resources that were available to the participants in the form of
videos and charts/diagrams always opened in new pop-up windows, and participants were
free to move and resize the windows as they saw fit. The analyses reported here provide a
general overview of participant behaviors rather than specific counts of fixations or saccades
because of the participants’ freedom to manipulate the windows they were viewing.

The second data source was an end-of-semester survey that was given to all students in the
class. The survey included questions about perspectives on online lectures, online modules,
face-to-face sessions, and the overall course. Only the part on online modules and overall
course satisfaction were analyzed for this particular study. Finally, grades on relevant
homework and lab assignments were stored in order to examine if there was a relationship
between online resource use and student performance on assessments. Descriptive statistics
were used to calculate the overall counts, percentages, and mean scores. The study was
approved by the research ethics committee of the university, and informed consent was
obtained from all individual participants included in the study.

3.2 Participants

Out of 23 students who were enrolled in the course, 18 (16 males and 2 females) students
volunteered to participate in the eye-tracking data collection. The average age of the students
was 21.15 (SD = 0.88). The gender distribution of the participant sample reflected the
distribution of the class, with only two females enrolled in the class. Complete eye-tracking
data were available for only 14 participants; data for the remaining four were not retained due
to technical issues. All 23 students enrolled in the class completed the end-of-course survey.
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4. RESULTS

The following is a detailed report of the results framed around the research questions. Note
that the survey results are for the class in general rather than for the specific module examined
via the eye-tracking method.

4.1 RQ1. Use of Scaffolding Resources in the Online Module

4.1.1 “Overview” and “How-to” Videos

Eye-tracking data indicated that only one participant watched the first overview video, and no
participants watched the second overview video. The fact that students did not use this
scaffolding might indicate that they were able to engage in self-regulated behavior without
needing the scaffolding as they were able to successfully solve the problem. At least one
participant watched each how-to video, but few participants watched the entirety of any how-to
video (Table 1).

TABLE 1: Number of students who watched part or entirety of how-to videos (P = Problem, Q
= Question)

How-to Number participants yvho Number of participant_s who
Video watched part of the video watched he whole video
(N=14) (N=14)

P1, Q1 5 3

P1, Q2 8 4

P1, Q3 7 0

P1, Q4 1 0

P1, Q5 1 0

P2, Q6 8 6

P2, Q7 1 0

P2, Q8 6 1

P2, Q9 4 0

According to the survey results, 26% reported watching all of the how-to videos, while 35%
reported watching more than two-thirds of them. This indicated that even though students
completed the majority of the modules, they were mostly less likely to watch the how-to
videos. In the module described in the current study, only 3 out of the 14 eye-tracking
participants actually watched two-thirds or more of the how-to videos. Recall that the survey
spanned the entire semester, so it may not accurately describe students’ behaviors within a
particular module.
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4.1.2 Time Spent on the Module

Participants were quite varied in the amount of time that they spent on each question as well
as on completing the entire module. The shortest amount of time a participant spent
completing the entire module was around 9 minutes, while the longest amount of time spent
was around 22.5 minutes. The median time spent was 15.5 minutes. The time spent on each
question also varied greatly (Table 2).

TABLE 2: Time spent on each question in the module (P = Problem, Q = Question)

Question Median Ti_me Spent Average T?me Spent Range of Time
(min) (min) Spent
P1, Q1 1 min, 55 sec 2 min, 47 sec 35 sec—9 min, 55 sec
P1, Q2 3 min, 11 sec 3 min, 22 sec 26 sec—8 min, 32 sec
P1,Q3 3 min, 46 sec 4min, 18sec | Mm 53 sec-Imin,
P1, Q4 23 sec 31 sec 6 sec—1 min, 19 sec
P1, Q5 53 sec 1 min, 13 sec 25 sec—4 min, 16 sec
P2, Q6 2 min, 31 sec 2 min, 43 sec 56 sec—5 min, 33 sec
P2, Q7 52 sec 1 min, 11 sec 16 sec—4 min, 56 sec
P2, Q8 1 min, 12 sec 1 min, 11 sec 26 sec—2 min, 21 sec
P2, Q9 1 min, 19 sec 1 min, 36 sec 49 sec-3 min, 17 sec

4.1.3 Charts and Diagrams in the Module

The primary goal of this particular online module was to teach students how to use relevant
charts and diagrams to solve problems. In order to successfully arrive at the correct solution,
participants were expected to consult the appropriate charts, which they generally did,
frequently revisiting the same diagram in an attempt to answer a question.

Various charts and diagrams were available depending on which problem the students were
answering. Problem 1, which spanned questions 1-4, included two charts and one diagram.
Problem 2, which spanned questions 6-9, included one chart and one diagram. Question 9
replaced the combination capacities load chart with an on rubber crane load diagram. Table 3
shows how many participants viewed each chart and diagram for each question in problems 1
and 2.
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Question Over Front Crane 360 Crane Crar_Ie Range
Load Chart Load Chart Diagram
P1 Q1 6 7 7
P1 Q2 6 6 14
P1 Q3 14 9 6
P1 Q4 7 0 0
P1 Q5 5 14 2
Combination capacities load chart Crgigzrr:rrrl]ge
P1 Q6 14 14
P1Q7 3 12
P1Q8 14 6
On rubber crane load diagram Crgir;eg:aar?]ge
P1Q9 14 4

As can be seen from Tables 1-3, participants varied in their use of videos and their
consultations of charts and diagrams to solve the given problem.

4.1.4 Integration of Scaffolding and Other Resources

Eye-tracking was useful for examining the types of information that students might have
integrated while completing this module. Ponce and Mayer (2014) referred to eye movements
that went between different sources of information (e.g., different parts of the same text) as
integrative saccades, during which they argued that participants were integrating information.
One of the goals of the online module used in this eye-tracking study was for students to learn
how to read the charts and diagrams and extract the required information that was relevant to
the question at hand. In order to be able to extract such information, students would need to
integrate the information provided in the problem statement and the graphs they were using.
Eye-tracking data could inform us about when students were looking between charts,
diagrams, and videos, and the problem statement information. Three distinct behaviors were
noticed in this regard: no integration, integration with the problem, and integration between
multiple resources. No integration refers to times when a chart/diagram or video was opened,
and gaze stayed exclusively there [Fig. 2(a)]. Integration with problem refers to times when a
resource was opened and gaze moved between a resource and the problem statement screen
([Fig. 2(b)]. Integration between multiple resources refers to times when the problem statement
screen and two resources were open at the same time and gaze moved between them [Fig. 2

()]
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FIG. 2: Scan path of integration of scaffolding and other resources

Analysis of the eye-tracking data indicated that all of the participants used at least some of the
resources that were available to them to solve the problems in the module. The number of
integration opportunities and the number of times participants integrated information across
resources as determined by their gaze patterns are displayed in Table 4.

Out of 14 participants, 13 viewed a majority of the resources by shifting their gaze outside of
the window in which the resource (chart, diagram, or video) popped up. Only one participant
(participant 5) viewed all resources without visibly integrating information between the
chart/diagram/video and other available resources. The second most common behavior was
integrating information between the problem statement or question and one
chart/diagram/video that was being used. Of the 14 participants, 13 spent at least some time
shifting their gaze between the window displaying the resource they were using and the main
window where the problem statement, question, and relevant formulas were displayed. Only
two participants integrated between two resources and the problem statement at the same
time by shifting their gaze among all.
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TABLE 4: Number of integration opportunities and number of times participants integrated
information across resources

Total No Integration In;:?v:'lzt;zn

Participant Opportunit!es Integration with Problem Resources

for Integration (% of total) (% of total) (% of total)
1 15 10 (66.7%) 5 (33.3%) 0 (0%)
2 25 16 (64%) 9 (36%) 0 (0%)
3 22 11 (50%) 11 (50%) 0 (0%)
4 18 14 (77.8%) 4 (22.2%) 0 (0%)
5 18 18 (100%) 0 (0%) 0 (0%)
6 29 19 (65.5%) 7 (24.5%) 0 (0%)
7 35 32 (91.4%) 3 (8.6%) 0 (0%)
8 39 32 (82.1%) 7 (17.9%) 0 (0%)
9 16 9 (56.3%) 7 (43.7%) 0 (0%)
10 21 12 (57.1%) 8 (37.9%) 1(5%)
11 27 22 (81.5%) 5(18.5%) 0 (0%)
12 28 23 (82.1%) 5(17.9%) 0 (0%)
13 28 20 (71.4%) 8 (28.6%) 0 (0%)
14 22 16 (72.7%) 6 (27.3%) 0 (0%)

4.2 RQ2. Relationship between Resource Use and Assessment Scores
Table 5 represents the number of how-to videos watched by each participant and their grades
for the module and related homework assignments. Note that three participants did not watch
any of the how-to videos, and the most videos watched by any participant was six out of the
nine available videos. A majority of participants (10 out of 14) watched fewer than half of the
available videos. However, there was not a statistically significant correlation between the
number of how-to-videos watched and how well students performed in the overall module and
related homework assignments.
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TABLE 5: Number of how-to videos watched by each participant and related assessment
grades

o Number of How-To Related Homework Grade
Participant Videos Watched Module Grade HW1 HW2 HW3  HWa4
1 2 89 100 67 93 60
2 6 100 77 100 87 100
3 6 78 0 100 40 95
4 4 100 93 100 93 100
5 0 78 100 100 90 98
6 6 100 77 100 87 100
7 0 89 100 87 100 100
8 3 89 93 100 93 100
9 2 100 100 87 93 100
10 3 100 87 87 80 0
11 0 67 83 87 80 95
12 3 100 100 73 100 100
13 1 100 87 87 73 95
14 5 67 100 93 100 100

4.3 RQ3. Student Perspectives on Online Modules

Student perspectives on the modules were highly positive (Table 6). The majority of the survey
respondents (87%) indicated that the assigned online modules increased their overall
understanding of the course materials. Respondents similarly reported finding the how-to
videos helpful, with 100% of respondents indicating that they agreed or strongly agreed that
the how-to videos were helpful in the problem-solving process. A near consensus (95%) of
survey respondents indicated that the step-by-step problem solution presented in the online
modules increased their understanding of the course materials.
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TABLE 6: Student perspectives on online modules (N = 23)

question decreased my anxiety of
making mistakes.

Stronal Neither
Items A g’y Agree Agree nor Disagree
gree Di
isagree
Online modules increased my
overall understanding of the 39% 48% 9% 4%
material for this course.
How-to videos in online modules
increased my understanding of o o o o
the problem solution process in a 57% 43% 0% 0%
given topic.
The step-by-step problem solution
in online modules increased my o o o o
overall understanding of the 52% 43% 4% 0%
material for this course.
The feedback | received from the
system during modules o o o o
contributed to my understanding 26% 35% 26% 13%
of the material for this course.
Knowing that | had two attempts
to get the right answer for a 30% 529 9%, 49,

Strongly
Disagree

0%

0%

0%

0%

0%

Overall course satisfaction was examined through three items (Table 7). A big majority of the
respondents (87%) were positive that they would be able to retain what they learned in this
class. Even though there was some variance in whether students reported wanting to see this
type of hybrid teaching in more of their classes, 65% indicated that they would recommend

that their friends take hybrid courses.

TABLE 7: Student responses on overall course satisfaction (N = 23)a

Strongly
Items Agree Agree
| feel like | will be able to
retain what | learned in this 17% 70%

class.

| would like to see this type of
hybrid teaching in more of my 35% 26%
courses.

| would recommend taking

o) 0,
hybrid courses to my friends. 30% 35%

Neither Agree ..
. Disagree
nor Disagree
9% 0%
17% 9%
22% 4%

Strongly
Disagree

0%

9%

4%

aThe total is not equal to 100% because of one missing data point.
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5. DISCUSSION

Instructors commonly hesitate to consider converting their courses to a hybrid or flipped format
because they are not sure how to encourage their students to complete the online activities.
To address this concern, several strategies have been employed, such as quizzing students
over the online materials (Hew and Lo, 2018) and reviewing the click data provided through
course management platforms (Ahn and Bir, 2018). However, these strategies fail to provide
sufficient details about student behaviors in an online learning environment, which is an
essential part of successfully implementing innovative teaching techniques such as hybrid,
blended, and flipped learning.

In this study, eye-tracking technology has been used to explore how students solve problems
in the online component of a hybrid construction engineering course. Several findings are
worthy of discussion, as they reveal how students use resources to assist their learning. First,
students had clear preferences for how to approach the scaffolding resources. The fact that
only one student watched one of the two overview videos might imply that the majority of the
students found them redundant. How-to videos, on the other hand, were consulted more often.
These how-to videos, designed as worked-out problems, seemed to be more helpful in solving
the problem (Kalyuga et al., 2001).

Second, the time spent on modules ranged from 9 minutes to 22.5 minutes, which confirmed
the claims about the flexibility of online learning where students choose how much time to
spend as opposed to conforming to one time requirement set by an instructor in a traditional
classroom (Buechler et al., 2014; Kiat and Kwot, 2014; Mok, 2014; Simpson et al., 2003;
Velegol et al., 2015). This finding implies that online tasks provide the extra time that some
students need and create a self-paced learning environment (Karabulut-ligu and Jahren,
2016). Another resource used in this module was the charts and diagrams that were required
to solve a particular question. The results indicated that participants were able to locate the
relevant charts to solve the problem correctly. Online task design facilitated student learning,
as it allowed for the integration of various resources in one platform by weaving these
resources into learning activities through the design of instruction (Greene and Land, 2000).

Finally, findings indicated that some students viewed the resources independently while some
others integrated them either with the problem statement or other resources (i.e., chart, video).
This provided support for metacognition and enabled students to develop their own learning
strategies through the use of scaffolding (Scardamalia et al., 1989). However, none of these
strategies were related to performance on the module or other relevant assignments, which
means that any given strategy was not more effective than the other. Possibly, each student
customizes a strategy that they believe works best for themselves. This confirms the earlier
research by Bos et al. (2015) that online task engagement had a relatively low predictive value
on exam performance.
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6. PEDAGOGICAL IMPLICATIONS

Based on the findings of this study, the following pedagogical implications can be drawn for
online task design in a hybrid course format:

Hybrid course design provides opportunities for flexibility and individualized learning. The high
variance in the duration of task completion confirmed the claims about the benefit of online
learning providing opportunities for self-paced learning. Instructors may choose to develop
online activities for particularly challenging concepts for which some students may need the
extra time to comprehend and practice.

Students may need training on how to effectively utilize the online resources. An important
lesson to take away from this study is that students may not necessarily employ the strategy
around which instructors design their online learning modules. While it is useful to have a
particular approach in mind when designing lessons, instructors should keep in mind that
without explicit instruction on how students are expected to navigate the lessons, individual
students may settle on whatever approach makes the most sense to them. The individual
strategies employed by the students may work for the individual module but might not be the
best strategies for learning. It may be helpful to provide students with a mandatory tutorial on
how to integrate information across sources if that is an expected educational outcome.

7. CONCLUSION

This study aimed to reveal how students solved problems in the online component of a hybrid
course, how resource utilization impacted student performance, and overall student
perspectives on the online component of a hybrid course. To this end, we surveyed students
and examined how much time they spent on the module and how they used the scaffolding
resources integrated into the online platform. Overall, students reacted positively to hybrid
learning and opined that the online tasks contributed to their learning. There was not a
statistically significant relationship between the way students interacted with the online tasks
and how they performed on relevant course assessments. The results indicated that students
used the majority of the resources in one way or another, which implied that scaffolding in an
online platform facilitated student learning. However, there did not seem to exist a pattern for
resource consultation. Instead, each student developed his/her own strategies to integrate
information from different sources in order to solve the problems.

7.1 Limitations and Directions for Further Research

As with any research, this study has some limitations to consider while interpreting the results.
First, the study was completed in a laboratory environment, and students knew they were
being recorded, which might have impacted how they completed the task and may not reflect
the actual student behavior. To address this concern, several precautions were taken.
Participants were recruited on a voluntary basis, and data were collected by individuals who
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do not have direct relationships with students. Students were also assured that their grades
would not be affected by any means because of what they did in the experiment.

Another limitation stems from the fact that data were collected only for one online module. The
researchers tried to choose a representative module, but students might complete the other
modules differently. In the future, more data could be collected from other modules, and
deeper statistical analyses could be conducted on a larger data set to have a better
understanding of overall online resource use and how it impacts student performance on
assessments.

Even though this study contributes to the knowledge base in the field through the use of an
innovative research technique—eye-tracking—additional data could have been collected
through think-aloud protocols and follow-up interviews with students to further shed light on
why students do what they do while engaged in an online component of a hybrid course.
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