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Abstract

This study aims to develop a network design to meet the connection and interaction needs of  students
during the online learning process. The research and development method used in this research is divided
into four stages,  namely needs analysis,  design,  formative evaluation and revision.  The results  of  the
formative evaluation showed the learning design developed has a validity value of  90 out of  a maximum
score of  115 with a very valid category. This showed the design has good integrity and is feasible to be
applied in online learning in higher education. The design also received a practicality value of  83 from a
maximum of  165 in the very practical category, and the students gave a positive perception because they
thought that the design could be easily followed in their online learning. The effectiveness test also shows
that the network design is very effective for student work in online learning. This is evidenced by the
difference in the average score of  student work in the group using the learning network design and those
using content-based and collaborative design.  Furthermore, there were significant differences between
those that used the network design and those that used the content-based design. However, there was no
significant difference in student work results between the group using the network design and those using
collaborative. 
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1. Introduction
Currently the use of  the internet continues to increase in universities and has popularized online learning
(Swan, 2019). While Wu, Liu, Qiu and Liu (2016) reported that most students spend their time online to
acquire knowledge. Furthermore, Allen and  Seaman (2016) also states that about 30% of  students in
college  have  signed  up  for  at  least  one  online  course  and  this  has  the  likelihood  of  increasing  in
subsequent years. In line with this, higher education institutions seek to increase online learning capacity
through  the  use  of  various  platforms  such  as  video  conferencing  and LMS.  However,  there  are  no
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mandatory standards regarding online learning and this allows institutions and individuals to choose the
desired method which leads to significant variations while some others dislike using technology. Another
problem observed is the absence of  a suitable learning design which has been reported to be a success
factor  in  online  learning  (Bates  &  Sangrà,  2011)  and  a  means  of  achieving  more  effectiveness
(Khodabandelou  &  Samah,  2012) in  online  learning  courses.  According  to  Moreira-Mora  &
Espinoza-Guzmán (2016), learning design is the main strategy to ensure the quality of  higher education.
However, according to Chen (2016), poorly designed online learning leads to confusion, lack of  focus and
direction, frustration, and an inability to time communication.

Research conducted to develop online learning designs to ensure the effectiveness of  learning interactions
in tertiary institutions is still very rare. Meanwhile, several studies have reported lack of  interaction to be
one of  the  factors  causing  student  failure  and eventual  dropping out  of  online  courses  (Willging &
Johnson, 2019; Zielinski, 2000). In addition, Fortune, White, Jugdev and Walker (2011) also reported that
learning interaction is one of  the three main aspects of  online knowledge acquisition.  This is known
because the availability of  large resources causes difficulty in filtering the information needed (Wu et al.,
2016). According to Borup, West and Graham (2012), online learning has caused uncertainty in the quality
and frequency of  interactions between students.

According  to  Donmez,  Simsek  and  Arikan (2010) and  Durak,  Cankay,  Yunkul  and  Ozturk (2017)
interactions in online learning design currently occur more frequently in students with content and tend to
facilitate  independent  learning.  However,  this  is  less  relevant  to  the  competency standards  of  higher
education  graduates  in  the  industrial  era  4.0  which  require  mastery  of  21st  century  skills  such  as
communication, collaboration and innovation. Higher education requires complex interactions because all
resources have a special role and contribution in the process of  building knowledge. Meanwhile  Baig
(2011) states that students should be allowed to connect and interact with online content and also be given
space to share knowledge and collaborate with peers. This is expected to assist in the production and
creation of  the necessary skills  (Durak et  al.,  2017).  However,  one method of  creating this  complex
interaction in online learning is through the use of  a networks. 

According to  Bouchard (2013); Poell,  Chivers, Van Der Krogt and Wildemeersch (2000), using learning
networks allowed students to acquire knowledge in new dimensions. Also, the use of  networks support
lifelong  learning  (Garcia,  2014;  Jaldemark  & Öhman,  2020).  According  to  Hodgson  and McConnell
(2019), it was stated that network learning emerged and developed historically as a pedagogical response to
increase the  number  of  online learning  programs  and  implementations.  Furthermore,  according  to
Networked Learning Editorial Collective (NLEC) (2020), it was stated that the use of  learning networks is
a step towards the manifestation of  online education that is increasingly cheap. The concept of  learning
networks was first popularized by Van der Krogt in 1995 as an  organizational system that requires its
members to carry out certain activities and processes to achieve organizational goals (Poell et al., 2000).
However, currently it is being implemented in the field of  education through the integration of  internet
technology to support  online  learning.  The same thing was  expressed by  Czerkawski  (2016) that  the
learning  network is  a  learning  model  that  is  mediated by  internet  technology  to facilitate  interaction
between  humans,  content,  resources,  and  tools.  In  addition,  Anders  (2018) also  shows  that  learning
networks provide certain benefits in terms of  mastery of  experiences, variations in learning, and effective
persuasion and social unity for students.

Several studies have been conducted on the effect of  using this network on student performance. For
example,  Anders  (2018)  shows  that  it  is  able  to  promote  student  independence  in  social  networks.
Meanwhile Durak et al (2017) reported its effect on students’ general performance. Apart from that, they
were also found to have the ability  to help their collaboration skills (Lelasari,  Setyosari & Ulfa, 2017;
Siemens,  2004.).  There is  currently  no network learning design confirmed and recognize  to have the
capability  to  increase  student  academic  achievement  (Czerkawski,  2016),  especially  by  facilitating
interaction in online learning for students in higher education. Some studies conducted on this concept
only provide a report on designs with simple and separate connections and interactions, such as personal,
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social, and professional learning networks.  However, an effective learning network design has not been
found  (Czeweski,  2016;  Hodgson  &  McConnaill,  2019),  especially  those  that  facilitate complex
interactions between students, devices, teachers, and professional experts.

Based on the above explanation, this study aims to: 

1. Develop  networked  online  learning  designs  with  complex  connections  and  systematic
interactions, as well as effective for students in higher education

2. Know the validity level of  networked online learning designs by experts

3. Know the practicality level of  networked online learning designs by students

4. Know the effectiveness of  networked online learning designs on student work results 

2. Literature Review
2.1. Connectivity in Learning Networks

According to Jones (2015), networks are related to the relationship graphs and representations of  several
objects  connected by  links  also known as  nodes.  Meanwhile,  according  to Siemens  and Tittenberger
(2009), knowledge and learning can be explained as networks at three levels including nerve, conceptual,
and external. The node is a neuron at the nerve level, mind at the conceptual level, and a person serving as
the source of  information or entity with the ability to connect to the internet at the external level. One of
the simple examples at the external level is the perception of  students as a node in real or virtual social
networks  with the  relationship  with  classmates  or  teachers  observed as  a  connection.  Further  recent
literature by Networked Learning Editorial Collective (NLEC) (2020) suggested that learning networks
promote the relationship between people, learning sites and actions, ideas, resources, as well as solutions
across time, space and media.

Learning networks are presently defined as the models mediated by technology to facilitate the interaction
between people, content, resources, and tools (Czerkawski, 2016). The key term in this definition is the
connection and the emphasis on interactions between people mediated by technology and resources. The
concept has been associated with the theory of  connectivity by recent studies (AlDahdouh, 2018).

The theory of  connectivity assumes the formation of  knowledge has structures in the form of  networks
and that the connection of  students with other resources usually leads to a collaborative interaction. This,
therefore, means learning is a process of  network formation and the ability of  more students to connect
to one resource provides a better position in the learning network due to the easy and faster flow of
information.

Figure 1. Stages of  Connectivity in online learning networks
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According to AlDahdouh (2018), there are three stages in the formation of  student connections in the
learning  network  and  they  include  planning  and  selection  cognitive  processes,  and  evaluation.  The
planning  stage  involves  the  selection  of  appropriate  resources  to  provide  the  knowledge  needed  by
students to complete their assignments. The cognitive aspect involves the process of  interacting with the
resources selected while the evaluation phase is concerned with the monitoring of  the selected resources
and deciding on whether or not to use them. However, if  the decision made was not to use them, the
process would be repeated from the planning stage. The selection of  resources in the learning network
has been expressed by students to be dependent on self-efficacy and worthiness of  resources. The stages
are, therefore, presented in Figure 1.

The  principles  of  connectivity  have  been  explained  by  Siemens  (2004) to  include  learning  and
knowledge-based on diverse opinions, learning defined as the process of  connecting specific nodes or
information sources and its ability to stay on non-human equipment, desire to know more, fostering and
maintaining connections for continuous learning,  ability  to  see relationships between fields,  ideas  and
concepts,  as  well  as  the  renewal  of  knowledge  as  a  learning  goal,  and independent  decision-making
process.

2.2. Learning Networks and Interactions

According to AlDahdouh (2018),  the formation of  connections in learning networks occurs in three
stages, namely planning and thinking, cognitive processes, and evaluation. Interaction is the activity that is
mostly observed at the cognitive process stage because of  the communication between students to find
solutions to the assignment given by the teacher. If  the resource chosen at the planning stage is a book,
then reading and understanding of  the content is carried out at this stage and if  people are selected, a
discussion is also carried out. This stage often takes longer than the other two stages and this makes
interaction an important factor in achieving learning goals (Wei, Peng & Chou, 2015).

Besides Hebert (2018) has categorized student interactions in online learning into three, namely student
interaction with students, instructors, and content. Several studies have also reported that a combination
of  these interactions is reported to increase motivation, satisfaction, and achievement in online courses.
Furthermore,  Hiltz  and Turoff  (2002) show  that  the  effectiveness  of  learning  networks  is  largely
determined by the development of  various aspects of  interaction during online learning. For example,
teachers are expected to play the same role they would play in a conventional classroom on this platform
by rapidly building trust in students in the first few weeks of  the course. It is possible to achieve this
through the  delivery  of  lecture  orientation,  learning  objectives,  and  outcomes followed by individual
student  assignments  and  responsibilities,  and  subsequently  lesson  content.  Furthermore,  interaction
between students  can be  developed through collaborative  learning  activities  carried out  in  groups to
discuss or share knowledge and comment on assignments to jointly produce effective results. 

Meanwhile, student interaction with the device can be developed through active participation, especially
with the use they are considered most familiar with. This involves designing notification and quiz routines
for self-testing and mastery learning as well as ensuring the possibility to post video, audio, PowerPoint
presentations, and hypertext material on the software. It should also be designed to support synchronous,
asynchronous or both forms of  communication during the learning process  (Goodyear,  Jones, Asensio,
Hodgson & Steeples, 2005). In addition, according to Anders (2018) student interaction with professional
experts can be carried out by mastery of  experience activities involving professionals and being involved
in the professional community. 

According to Durak (2017), students develop when they are in a learning network, this can be seen from
the  formation  of  a  simple  network  characterized  by  connections  and  interactions  between students,
teachers, and content at the beginning of  the meeting and the involvement of  professional resources at
the end of  the meeting. this results in a more complex and ultimately stronger network. The interaction
pattern in the learning network can be seen in Figure 2.
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Figure 2. Patterns of  interaction in the learning network

3. Materials and Methods
This research was carried out using the  development  method,  which is  a  systematic  tool  that  assists
learning  designers  to  design,  develop  and  evaluate  learning  programs,  processes  and  products  in
accordance with the criteria of  internal consistency and effectiveness (Richey, 1994). According to Akker,
Gravemeijer,  Mckenney  and  Nieveen (2006) development  research  is  divided  into  formative  and
reconstructive studies. This research type is more related to formative studies with the use of  exploratory
to evaluation studies during the development process. Therefore, the process of  developing a network-
based online learning design is carried out from exploratory studies with preliminary activities used to
identify  student  learning  needs,  as  well  as  the  technique  required  to  determine  and  analyze  related
literature to produce initial prototypes. Furthermore, an evaluation study is carried out through formative
assessment and revised to obtain the final prototype. 

Furthermore, Akker et al. (2006) also stated the importance of  quality criteria in formative evaluation,
which  aims  to  increase  interventions  for  the  product  developed,  through  validity,  practicality  and
effectiveness tests  (Plomp & Nieveen, 2013). Validity means that the product was built with the correct
concepts and has internal consistency for each component. This is obtainable from experts with relevant
skills  regarding  the  product.  Meanwhile,  the  ability  to  have practical  value  means  that  the  developed
learning design is  easy for students  to follow in accordance with their  individual  perceptions.  Finally,
having an effectiveness value means that the developed design can help students achieve their individual
learning objectives. 

3.1. Research Procedure 

This network-based online learning design was produced using the adapted of  research and development
methods  by  Akker  et  al.  (2006)  and  evaluated  in  four  stages,  namely  preliminary  activities,  design,
evaluation and revision. The activities carried out at each stage are shown in Figure 3. 

The activities carried out at the needs analysis stage include reviewing articles related to online learning to
ascertain strengths,  weaknesses,  and  opportunities.  In  contrast,  the  initial  prototype design  stage  was
carried out by reviewing and analyzing literature  on  learning networks and making initial  prototypes.
Furthermore, in the formative evaluation stage, three activities were carried out, namely testing the validity
of  the initial  prototype by validators who have  relevant areas of  expertise.  The  initial  prototype was
revised according to the validator input. Subsequently, a practical test was carried out on students in small
groups to obtain the final prototype. The last stage tested the final prototype effectiveness on the results
of  student work and compare it with the group work using other online learning designs.
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Figure 3. The stages of  Research Development (Akker et al., 2006)

3.2. Participants

In this study, the participants were needed at the formative assessment stage. Meanwhile, the experts  with
relevant fields were engaged to validate the initial prototype of  the networked online learning design. At
the same time, students were involved in testing the practicality and effectiveness of  the final design. Four
validators were engaged in this study, as shown in Table 1.

Ten students who took curriculum development courses in the semester of  2019-2020 at the Education
Technology study program, State University of  Malang, were randomly selected. This aims to test the final
prototype  practicality  of  the  developed design.  Furthermore,  52  students  in  the  same program were
involved in the effectiveness test. The students were divided into three groups, namely the group that used
the final prototype of  the networked online learning design, those that used the content-based design, and
those that used the collaborative design.

Participant Position Teaching Field Expertise

1 Professor Electrical engineering Online and mixed learning

2 Professor Education technology Learning Design

1 Associate Professor Education technology Learning Media

Table 1. Experts Used for the Validation of  the Network-Based Online Learning Design

3.3. Research Instrument

Research  instruments  were  used  to  obtain  data  for  formative  assessments  before  passing  validity
judgments by the supervisor. Therefore, the instruments used in this development research are as follows:

1. Validation questionnaire sheet: This tool is used to determine the validity level of  the developed
network-based online learning design. Consists of  23 statement items, with 3 indicators and 7
sub-indicators.  The first  indicator is  online  learning with a sub-indicator model  or  pedagogic
construct, learning strategies and technology. The second indicator is a learning network with sub
indicators of  connectivity, interaction and learning patterns. Meanwhile, the third indicator is the
overall picture of  the design. There are five alternative answer choices, namely strongly agree (5),
agree (4), sufficiently (3), disagree (2) and strongly disagree (1). There were four validators, two
were  learning  technology  experts  from  Yogyakarta  State  University  (UNY)  and  two  were
curriculum  and  learning  technology  expert  from  Padang  State  University  (UNP).  The  same
validation instrument sheet was given to all  validators in one round. For  the  two  validators at
UNY,  filling  out  validation  instruments  through  face-to-face  interviews  were  conducted  on
February 28, 2020. Meanwhile, the two validators from UNP were conducted online via email on
1 march, 2020. 
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2. Practicality questionnaire sheet: This tool is to determine the practical value of  the developed
network-based online learning design. It consists of  33 question items related to the ease of  use
of  the design along with its benefits.  This study also consists of  5 alternative answer choices,
namely  strongly  agree  (5),  agree  (4),  sufficiently  (3),  disagree  (2)  and  strongly  disagree  (1).
Practicality questionnaire sheets were distributed online to 6 students on April 14, 2020.

3. Assessment sheet for work: This tool is used to determine the effectiveness of  the network-based
online learning design developed on student work. This sheet was used in three groups, namely
those that used the final prototype of  the networked online learning design, those that used the
content-based design, and those that used the collaborative design. As for the work of  students
examined in this study, it was a "study program evaluation proposal". Assessment indicators are
related to originality,  application of  concepts,  and systematics  of  writing and language.  Each
indicator has a maximum value of  25 points so the total score is 100 points. Student work was
checked by a lecturer in charge of  the Study Program Evaluation of  Educational Technology
Study Program, State University of  Malang in June 2020.

3.4. Data Analysis Technique

The data  analysis  techniques  were  used  to  process  the  results  of  the  validation  test,  as  well  as  the
practicality and effectiveness tests for further interpretation. 

3.4.1. The Analytical Techniques for Validation and Practicality Tests

At this stage, the validation data obtained from 4 experts and practicality data acquired from 6 students
were analyzed using descriptive statistical methods with the following steps:

1. Calculate the total score for each statement item.

2. Calculate the validity and practicality values by dividing the number of  scores by the maximum
score multiplied by 100% (Arikunto, 2008).

3. Interpret the amount of  validity and practicality by analyzing  Table  2, adaptation from Sudjana
and Rivai (2001)

No Achievement Level Validity Category Practicality Category

1 90-100 Very valid Very Practical

2 80-89 Valid Practical

3 65-79 Quite valid Quite Practical

4 55-64 Less valid Less Practical

5 0-54 Invalid Impractical

Table 2. Categories of  validity, practicality and effectiveness assessments

3.4.2. The Analytical Techniques for Effectiveness Test

At this stage, the data on  student work in the three groups were  analyzed using  the one-way ANOVA
statistical method with the following steps:

1. Counting the number of  scores obtained by students in both groups

2. Processing the scores of  the three groups using the one-way ANOVA analysis technique on SPSS

3. Interpret the analysis results by comparing the average value of  student performance in the three
groups. It can also be seen by looking at the probability value in the sig column of  the ANOVA
analysis. Also, when the obtained values are less than or equal to 0.05, it can be concluded that the
online learning design network is effective on student performance.  This is because there are
significant differences in the performance results of  the three groups. Conversely, when the value
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obtained is greater than 0.05, then it can be concluded that there is no difference in performance
results between the three groups. In addition, the post hoc follow-up tests were conducted to
determine the groups with significant differences.

4. Research Result
4.1. Needs Analysis

Online learning allows students to acquire knowledge at a higher level, regardless of  the time and location
(Górska,  2016).  According  to  Kvavik  and  Caruso  (2005),  students  have  at  least  one  computer  or
smartphone connected to the internet for learning, social interaction, and entertainment. Meanwhile, Wu
et al. (2016) showed some students spend their time studying online. However, online education tends to
experience many challenges in its implementation, therefore, its effectiveness is low. This is in line with
Chen (2016) that poorly designed online learning often confuses students, makes them lose focus, and
frustrated. Also, according to Coman,  Ţîru, Meseşan-Schmitz, Stanciu and Bularca (2020), the lack of
interaction  and  poor  communication  is  a  problem  in  online  learning.  Furthermore,  Dhawan  (2020)
showed students feel online learning is often dull and unpleasant.

The design is one of  the primary keys to successful online learning, with high relevance for students (Bao,
2020; Bates & Sangra, 2011). According to Weerasinghe, Ramberg and Hewagamage (2009), it is the most
important contributor to successful online learning. Meanwhile, according to Gopal,  Singh and Aggarwal
(2021), online learning design impacts satisfaction, which in turn affects student performance. Based on the
findings of  Bozkurt  and Zawacki-Richter (2021), the design for distance learning has become the most
studied in the last decade. However, the currently available designs do not facilitate complex and systematic
connections and interactions. Students are more required to review content rather than work on projects or
only e-learning. This aligns with Hebert (2018) that online learning designs currently only provide interaction
between students and teachers or with their peers. However, interactions with professional experts are rare.
The process is carried out separately from other learning interactions, which do not suit students’ needs to
develop their professional abilities. Therefore, it is essential to create a flexible design (Dhawan, 2020) that
facilitates complex connections and interactions through a learning network model.

4.2. Design: Early Prototype

The online learning network design was developed from the synthesis of  literature between network and
online learning. Six kinds of  literature were examined and analyzed to produce an initial prototype. The
list of  literature involved are seen in the Table 3.

Identity Scope

AlDahdouh (2018) Formation of  connections in the learning network

Hiltz & Turoff  (2002) Effective learning network in asyncronous

Anders (2018) Networked learning with professionals

Risien (2019) Actors in learning network

Ardito (2018) The emergence of  student learning networks

Carvalho & Goodyear (2018) Learning network design

Table 3. relevant literature in designing the initial prototype

The structure of  student knowledge in online learning is formed through a network. The students can
connect and interact with one or more nodes that contribute to the formation of  their ability. The nodes
can be people, and other sources of  information that are also connected to the internet.  The online
learning network is systematically designed to the interaction of  students with their device nodes, teachers,
materials, colleagues, and professional experts through a synchronous and asynchronous communication.
Also, connectivity is the key to each student’s interaction in network-based online learning. This is built in
three stages, namely planning, cognitive processing, and evaluation. For example, student interaction with
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the material at the planning stage allows them to choose the one that suits their task. After selecting the
material,  the next stage is the cognitive process,  which enables them to read (text),  watch,  and listen
(multimedia) to the material for proper understanding and completing the task. The students will decide
whether to stay in the interaction or move on to another exchange. Also, the learning networks develop
during online learning, ranging from superficial relationships and interactions to more complex ones at the
end of  the session.

In this design, the online learning process is grouped into three stages, namely orientation, core activities,
and  closing.  In  the  orientation  stage,  students  actively  interact  with  the  teacher’s  tools  and  content.
Furthermore, the device allows them to study synchronously and asynchronously. It also allows them to
use  multiple  devices  such  as  smartphones,  computers  & applications  (LMS,  social  media,  and  video
conferencing) to implement this design. The next stage allows them to build trust online, just like in a
traditional  classroom. Therefore, the teachers need to ensure students believe in the ability  of  online
learning to benefit their academics. Subsequently, the students go through the interactive content.

In the core stage, they were divided into several groups consisting of  3-4 persons. The purpose of  this
grouping  is  to  share  knowledge  about  tasks  and  concepts  built  from  previous  interactions.  After
interacting with other students,  they communicate with experts who provide adequate information to
complete their assignments. This was done through a question and answer process, case study discussions,
seminars,  and  virtual  practice.  The  purpose  of  interaction  with  these  experts  was  to  validate  prior
knowledge  and  develop  professional  skills.  Next  is  the  evaluation  stage,  where  students  report  their
progress to the teacher, as well as provide feedback and make improvements. Finally, the students present
their work in class, which the teacher, colleagues, and experts attend for further appreciation. The initial
prototype can be seen in Figure 4.

Figure 4. The Networked Online Learning Design Initial Prototype
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4.3. Formative Evaluation
4.3.1. Validity Test

Based on the Table 4, the scores of  the total validation results for 4 validators, namely V1, V2, and V4 are
90, 97, and 90 in the very valid category, while V3 with a score of  82 is in the valid category with a total
average score of  90 in the very valid category. These results indicate that the developed design is built with
appropriate concepts, namely online learning, networks, connectivity and interactivity, with a good level of
integrity.  It also shows that all  validators agree that network-based online learning design needs to be
implemented for students in higher education. 

Validator Assessment Score Maximum Score Total Validation Results Assessment Category

1 104 115 90 Very Valid

2 111 115 97 Very Valid

3 94 115 82 Valid

4 104 115 90 Very Valid

Total 359

Average 90 Very Valid

Table 4. Recapitulation of  validation results for the development of  network-based online learning design

4.3.2. Practical Test

Table 5 shows that the total practicality obtained from P1, P4, P5, and P8 are 76, 79, 73 and 79 in a quite
practical category, while P2, P3, P6, P7 and P10 are 83, 88, 85, 88 and 82 in a practical category. Finally, P9
has a very practical category score of  94, while the average overall score is 82.7 in a practical category.
These results indicate that the learning network-based design developed is practical easily followed by
students in online learning. 

Participants’s
Number Assessment Score Maximum Score

Total Practicality
Results Rating Category

1 125 165 76 Pretty practical

2 137 165 83 Practical

3 146 165 88 Practical

4 130 165 79 Pretty practical

5 121 165 73 Pretty practical

6 141 165 85 Practical

7 146 165 88 Practical

8 130 165 79 Pretty practical

9 155 165 94 Very practical

10 136 165 82 Practical

Total 827

Average 83 Practical

Table 5. Summary of  practicality results for the development of  network-based online learning design

4.3.3. Revision 

Revision  of  the  initial  prototype  was  carried  out  based  on  suggestions  from the  validator,  hence  it
becomes the final. Also, changes were only made to evaluate activities contained in the core stage. At first,
the  evaluation  of  student-student  interactions  was  carried  out  by  deciding  whether  it  helped  them
complete the task. The validator suggested that evaluation activities do not need to stay or leave the
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interaction but  can be  replaced by  asking students  to make reports  about  the  results.  Hence,  all  the
students can interact with the experts. The final prototype can be seen in Figure 5.

Figure 5. Final prototype of  the online learning network design

4.3.4. Effectiveness Test

Partisipant’s

Group of  students
using the

networked online
learning design
final prototype Participants’s 

Group of
students using
content-based
online learning

design Participants’s 

Group of
students using
collaborative

online learning
design 

1 92 1 70 1 85

2 80 2 85 2 80

3 75 3 73 3 90

4 79 4 70 4 70

5 85 5 85 5 77

6 80 6 80 6 83

7 95 7 75 7 65

8 93 8 70 8 75

9 88 9 80 9 80

10 80 10 70 10 75

11 75 11 60 11 70

12 70 12 70 12 80

13 82 13 83 13 80

14 78 14 80 14 77

15 75 15 75 15 75

16 80 16 77 16 70

17 95 17 75 17 80

18 75

Avarage 82.8 75.1 77.05

Table 7. The recapitulation of  student performance results
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Before the work data were analyzed using the one-way ANOVA technique, they were tested for normality
and homogeneity. The normality and homogeneity test results are seen in Tables 8 and 9.

Based on the analysis results above, it is known that the data are normally distributed and homogeneous
because of  a sig value > 0.05. Furthermore, a one-way ANOVA analysis was carried out using the SPSS
program. The result is seen in the Table 10.

Based on the table above, the probability value in the sig column is 0.008, which is less than 0.05. This
means there are differences in student learning outcomes in  the three groups.  The  Post Hoc follow-up
tests were also conducted to determine which groups had significant differences. Therefore, it is known
that the results of  student group work using networked online learning designs are significantly different
from the effects of  group work using content-based designs. Meanwhile, the results using collaborative
online learning designs were substantially different from those using content-based designs. However, no
significant difference was found between the performance results of  the group who used networked and
those who used collaborative designs. 

One-Sample Kolmogorov-Smirnov Test

Performance result

N 52

Kolmogorov-Smirnov Z 1.108

Asymp. Sig. (2-tailed) .172

a. Test distribution is Normal.

Table 8. The data normality test results

Test of  Homogeneity of  Variances

Performance result

Levene Statistic df1 df2 Sig.

.793 2 49 .458

Table 9. The data homogeneity test result

ANOVA

Performance result

Sum of  Squares df Mean Square F Sig.

Between Groups 489.023 2 244.511 5.326 .008

Within Groups 2249.650 49 45.911

Total 2738.673 51

Table 10. The One-way ANOVA analysis results

5. Discussion 

The purpose of  this study is to develop a network design that is valid, practical, and effective on the
results  of  student  work  in  online  learning.  The  development  of  network  design  is  a  pedagogical
innovation  in  making  student  online  learning  more  meaningful  because  it  can  facilitate  systematic
connections and interactions between students and devices, students with teachers, students with content,
students  with  students,  and  students  with  experts.  Relationships  can  make  learning  networks  more
effective because the flow of  information to and from students is easier and faster. Meanwhile, systematic
interaction  can  help  students  to  gain  knowledge  management  and  meaningful  experiences  in  online
learning. Several studies reveal that student-student interactions can create social experiences and hone
collaborative  skills.  In  contrast,  student-content  interaction  can  produce  cognitive  experience,  then
student-teacher  interaction  can  make  attitude  experience,  while  student  interaction  with  devices  can
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increase their creativity and innovation in learning. Learning. In addition, interactions with professional
resources provide opportunities that motivate, inspire, and create continuity between academic education
and lifelong learning for professional development (Anders,  2018;  Belawati,  2019; Trust,  Carpenter &
Krutka, 2017).

Several studies showed the benefits of  using networks in online learning (Anders, 2018; Durak, 2017).
However, this study differs from others that focus on social (As’at, Setyosari & Ulfa, 2017), personal (Issa,
El  Ghalayini,  Shubita  & Abu-Arqoub, 2014),  and professional  learning network designs  (Trust,  2012;
Yokuş  & Yanpar-Yelken,  2019).  The  development  of  this  design  focuses  on  how to  collaborate  the
connections and interactions of  existing structures and make them complex and systematic. This aims to
meet the needs of  online learning students. These interactions are between students and devices, teachers,
content, peers, and experts. This aligns with Anders (2018) that students develop in a learning network,
starting from simple connections and interactions at the meeting to more complex at the end of  the
session. Meanwhile, Hirumi (2002) suggested that systematic interaction makes students’ online learning
more meaningful.  In addition,  the  procedure  in  this  study can be  a  reference for other designers to
develop similar designs and break Carlvaho and Goodyear (2018) statement that learning networks might
be challenging to design.

The findings in this  study also reveal  that the networked online learning design developed effectively
affects student work in the educational technology study program at the State University of  Malang (UM).
It is known that the average score of  student work in making proposals for evaluating learning programs
in groups using the final prototype of  the network design developed is better than the group of  students
using content-based online learning designs and also with groups of  students using collaborative online
learning designs. Furthermore, through one-way ANOVA analysis, it was found that significant differences
only occurred between groups of  students who used a content-based networked design and a content-
based collaborative design. Meanwhile, there was no significant difference between the groups of  students
who used the networked method and the groups who used the joint procedure.  Several studies have
shown that the design of  learning networks has similarities with collaborative work (Issa et al., 2014). Also,
the learning networks support students’ collaborative skills, but learning and cooperative networks are two
different things as stated by Downes (2010) that collaboration is formed based on shared interests.

6. Conclusions
The findings of  this study showed the design of  networked online learning has been developed through
four stages, namely needs analysis, design, formative evaluation, and revision. This networked design has
good  integrity,  and  according  to  experts,  it  is  very  suitable  for  use  in  undergraduate  programs  at
universities. This design contains stages of  learning activities with systematic connections and interactions
between students and devices, teachers, content, peers and experts that have never existed in a networked
online learning design before. In addition, students’ responses to this design were very positive, indicating
that  it  was  efficient and easy  to follow.  This  study also suggested that  the use  of  network design is
effective on student performance in online learning, as seen from the significant difference in the results
between the test groups. The performance results of  the group of  students using this design appear to be
higher  than  the  others.  However,  the  limitation  of  this  study  is  the  small  sample  number  of  the
effectiveness test, which limits the generalizability of  the results. The scope of  the analysis only focused
on the results of  student performance in undergraduate education programs and not on others. This will
be a good follow-up work in the future. Finally, the results support the development of  studies, especially
the use of  networks in online learning. 
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