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Result
It was found that productive failure（PF） strategies 
significantly improved learner performance, reducing intrinsic 
cognitive load.

Method
Investigated the effect of productive failure in a 

hypervideo environment which provided timeline comments 
for learners to navigate different part of videos.

AIM
To reconsider instructional approaches and the design of 
online enviornments and enrich learner-to-learner 
interaction
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ABSTRACT



A Nonlinear Structure

View video in own order

Interact via Comments

Enhance learner-to-
learner interactions

Learners can view videos 
in different orders, and to 
interact with others via 
comments.

Hypervideo:form of 
hypermedia that creates 
a nonlinear structure 
for streamlining videos.

Why in Hypervideo?

Enhance Interaction

“Pseudo-synchronic”

A Synchronous Video 
Viewing Experience in 
Asynchronous Learning



Second Stage of PF

First Stage of PF
"Exploratory-Generative”

• Be presented a difficult problem 
or project;

• Work in small groups with little 
or no scaffolding;

Productive Failure Theory (PF)
Kapur(2008)：Experiencing some failure in the early stages of problem solving helps students to learn more effectively”;
Loibl and Rummel(2014)：Productive failure theory is most effective for problem-solving learning  and has been shown to 

be particularly applicable in mathematics and science courses.

Even though the learners might 
experience some sense of FAILURE 
for a solution, this does not 
necessarily cause frustration, but 
rather generates ”Representations 
and Solutions"(RSMs) in the process.

"Integration-Consolidation”

• After a strong sense of "failure", students have a 
deeper sense of the problem;

• when they receive the answer to the problem, they 
have a deeper understanding of the concept and a 
better level of transfer, which results in effective 
learning

Two Stage of PF :



ICL
The load formed by the 

interaction between elements

Cognitive Load
A hypertext online learning environment can create additional cognitive demands on learners [2000]

Three Types of CL by Sweller [2019]：
Intrinsic（ICL）
Extraneous（ECL）
germane（GCL）

ECL
Mainly caused by poorly 
designed instruction

GCL
Load associated with 
facilitating the process of 
schema construction and 
schema automation.



Method：Participants & Platform
Participants Platform

The participants were either sophomores, juniors, or 
seniors, in different educational backgrounds。

Allow learners to post or reply to video-tagged comments.
Offers hyperlinks for other learners to identify the parts 
of videos watched along the timeline. 
Developed by JAVA and PHP.



Method：Materials & Experimental Conditions

Video

Pre-Test

Post-Test

PF

DI

Three videos about《Big Data in Education》
1.1 Introduction
1.2 Prediction
1.3 Classification Part 1
Each part about 10 min.

2 single-choice, 2 fill-in-the-blank
Test the prior knowledge.

a) Four questions to test knowledge gained 
during the experimentation; 

b) Cognitive scales including 22 questions in 
total to measure the cognitive load.

* Reliability of CL: ICL-𝛼= 0.86, ECL-𝛼 = 0.80, GCL-𝛼 = 0.80

Students need to complete 
a challenge task before 
watching hypervideos. 

Firts, watch the video
Then completed the 
challenge task.

Direct Instruction



Result
Challenge Task

Pre and Post Test

Pre and Post Test in PF

Independent sample T-Test showed no 
significant difference between PF and DI. 
But mean score of PF (M=3.36) is slightly 
lower than DI(M=3.77).

Significantly higher

Independent sample T-Test showed no significant 
difference between tests in PF and DI.

Pre and Post Test in DI
No significant

Cognitive Load
ICL was significantly lower in PF than DI



Disucssion

PF
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Although the learners using productive failure to teach did not perform well 
on the challenge task, they showed a significant increase in the subsequent 
post-test
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The challenge task helped them to activate their prior knowledge while 
being the first to complete the task, and thus they felt relatively less 
psychologically taxed when watching and interacting with the videos.
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The learners who seleted this course were interested in big data in education, thus minimizing the 
effect of motivation;
The sample size of the present study was modest.



Log Data Analysis for Attention Flow but not in Paper
Ten types of behavioral data were recorded according to the research needs

Playing a video

Pausing a video

Video skipping 
(Jumping from one point in a video to another)

Video dragging 
(dragging from one point in a video to another)

Posting a comment

Replying to a comment

Liking a comment

Clicking on the corresponding red dot 
generated by a comment

Clicking on the timestamp of a comment 
Jump to the location of the comment

Choose to watch a certain video



Log Data Analysis for Attention Flow but not in Paper
Record the Log Data when Users Clicking to jump into Different Video Units

Divide each instructional video into 
50 video units of equal length 

according to the video length

Each video unit is a small piece of 
meaningful learning content as a 
node in the attention stream network

Attention Flow Network
A: 1→3→5→6

B: 1→4→2→3→4
C: 3→5→4→2→5→3→1 ……

A, B, C ：Three different Users
Number：Different Video Units
1→3 ：A resource node 1 to resource node 3 to establish a directed edge
All users 1→3 click jump are recorded, calculate the number of all users 1→3 click 
jump (i.e., the weight of the directed edge 1→3)

Source：User's attention 
jumped from the outside world 
to the Internet resource
Sink：User's attention shifted 
from the Internet resource node 
to the outside world



Log Data Analysis for Attention Flow but not in Paper
The definition and expressions of the circulation flow, input flow, and dissipation flow in the flow network

The flow of learners‘ attention to learning content 

node i at the first time after entering the online 

learning environment 𝐼!= 𝑓",!

Learner‘s attention is not transferred from 
learning content node i to the next node j, but to 
the external space outside the learning content, 
that is, to the flow of the sink node 𝐷!= 𝑓!,#$%

Learner's attention is transferred from learning 

content node i to the next node j, that is 𝑓!,$

Inflow of collective attention

Dissipation of collective attention

Circulation of collective attention

Each instructional video was divided into 50 video units.
3 videos in total, means that there are 3 × 50 = 150 video units or 
150 nodes of the streaming network in the whole video course.

Circulation flow of learners in PF instructional sequence group 
is smaller than the per capita circulation flow of learners in the 
DI sequence group. (Need more future work)
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