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ABSTRACT 

As distance learning becomes increasingly prevalent in higher education in the 21st century, 

students and educators alike face new challenges to achieving key learning objectives, such as 

the attainment of critical thinking skills.  Asynchronous threaded discussions in online 

classrooms provide a context where learners can develop and demonstrate their critical thinking 

skills.  However, in an asynchronous threaded discussion, the learner is burdened with the need 

to retain the context and progression of multiple concurrent ideas being developed and refined 

across a series of posts organized in different threads.  Extraneous cognitive load caused by 

poorly organized discussions creates a potential barrier to critical thinking.  It is anticipated that 

learners could benefit from a requirement to include descriptive titles on all posts to create a 

discussion forum index which would act as an advance organizer to help them form a mental 

representation of the overall structure of the discussion prior to reading each post.  The purpose 

of this study is to determine the effect that requiring students to customize posts with descriptive 

titles, as a form of advance organizer, has on cognitive load and level of critical thinking 

exhibited in students’ posts in asynchronous threaded discussions.  This study is grounded in 

dialogic theory, cognitive load theory, and assimilation theory, which together provide a basis for 

the following research questions: What effect do descriptive post titles have on critical thinking 

in a debate on an asynchronous threaded discussion board?  What effect do descriptive post titles 

have on cognitive load in a debate on an asynchronous threaded discussion board?  This study 

used a mixed methods design consisting of both a quasi-experiment yielding quantitative data, as 

well as a qualitative review of transcript data using a grounded theory approach.  The quasi-

experimental portion of the design consisted of collecting discussion board posts from a control 

group and an experimental group.  The posts were sequentially analyzed to identify response 
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patterns with significantly higher or lower than expected frequencies based on a z-score statistic.  

Response patterns identified as occurring with a significantly higher or lower than expected 

frequency were explored further by comparing the mean number of occurrences of that pattern in 

each group.  A significantly higher number of challenges to arguments and explanations to 

arguments was found in the experimental group than in the control group.  A content analysis of 

the posts was conducted and a significantly higher number of indicators of critical thinking were 

found in the experimental group than in the control group, while a significantly higher number of 

indicators of inhibitors of critical thinking were found in the control group than in the 

experimental group.  A composite cognitive load score was computed for each participant, based 

on measures from their average surface electromyography, average galvanic skin response, and 

average heat flux. Self-rated mental effort scores were also collected from each participant.  The 

mean composite cognitive load scores were significantly higher in the control group than in the 

experimental group, indicating that the physiological measures were effective in predicting 

cognitive load levels, whereas the self-rated mental effort scores were not effective in 

distinguishing cognitive load.  A composite critical thinking score was developed for each 

individual and a significant negative correlation was confirmed between individual level of 

cognitive load and individual attainment of critical thinking in the discussion.  Recommendations 

are made for how to incorporate these findings into learning management system software, as 

well as best practices for designing and facilitating discussion boards.  The benefit to society of 

this study is that by increasing the critical thinking skills of college students, they will be better 

prepared to meet the complex demands of the modern workforce and to be more fully 

responsible members of society.
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CHAPTER 1 

INTRODUCTION 

Overview of the Study 

As distance learning becomes increasingly prevalent in higher education in the 21st 

century, students and educators alike face new challenges to achieving key learning objectives, 

such as the attainment of critical thinking skills.  Critical thinking is considered by many 

educators and employers to be a key goal of higher education in an increasingly complex society, 

both for the purpose of teaching students how to think analytically within their academic 

disciplines and for the purpose of creating productive members of society, capable of making 

value judgments and solving complex problems in the workplace and in their personal lives 

(Behar-Horenstein & Niu, 2011; Butler, 2012; Hart Research Associates, 2007, 2010, 2013).  

Based on a general consensus among researchers of the various skills that critical thinking 

encompasses, critical thinking is defined in this study as reflective thought that results in 

analyzing ideas, synthesizing concepts, evaluating arguments, making judgments, and/or 

drawing conclusions (Arend, 2009; Behar-Horenstein & Niu, 2011; Facione, 1990; Greenlaw & 

DeLoach, 2003). 

Researchers have found that in fully online courses, activities involving interactive 

engagement lead to greater critical thinking (Saadé, Morin, & Thomas, 2012).  In particular, 

asynchronous threaded discussions provide a context where learners can develop and 

demonstrate their critical thinking skills in the online classroom (Arend, 2009; Astleitner, 2002; 

DeLoach & Greenlaw, 2005; Greenlaw & DeLoach, 2003; Guiller, Durndell, & Ross, 2008; 

Jeong, 2003; Kanuka & Garrison, 2004; Maurino, 2006; Saadé et al., 2012; Weltzer-Ward, 

2011).  An asynchronous threaded discussion is defined as a discussion consisting of a threaded 
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series of posts on a discussion board that takes place over a period of time with individual 

participants logging in and contributing posts to the discussion at different times.  The interactive 

and dialogic nature of asynchronous threaded discussions enhances knowledge construction and 

critical thinking (Boyd, 2008; Frijters, ten Dam, & Rijlaarsdam, 2008).  According to Williams 

and Lahman (2011), “When students engage one another in discussion, when they communicate 

with each other in a focused way, their capacity for reasoned discourse becomes more evident – 

and even improves” (p. 159).  However, distance learners face many challenges in using 

asynchronous threaded discussions in the online classroom. 

Unlike a traditional classroom discussion which takes place in real time among all 

participants in one physical location, class discussions in an online course occur primarily on the 

discussion board (G. Chen & Chiu, 2008; Gao, 2011; Gilbert & Dabbagh, 2005; Meyer, 2003; 

Thomas, 2002).  In these asynchronous threaded discussions, the learner is burdened with the 

need to retain the context and progression of multiple concurrent ideas being developed and 

refined across multiple discussion threads and sub-threads (see Table 1.1).  Asynchronous refers 

to the fact that the discussions take place over a period of time with participants logging on at 

different times, according to their own convenience, and contributing posts to the discussion.  

Threading refers to the way titles are displayed in the discussion forum index; the relationships 

between posts that are a direct reply (child post) to another post (parent post) are indicated by 

listing the title of the child post below the title of the parent post, and indenting the title of the 

child post to show that its relationship to the parent post is that of a response to the parent post.  

As a result, asynchronous threaded discussions are hierarchical, or tree-like, in structure.  This 

tree-like structure can serve as a type of graphic organizer for the discussion. 
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Table 1.1 contains an excerpt from the discussion forum index formed from the 

descriptive titles in the experimental group of the present study, in which participants debated the 

following claim: “The national minimum wage in the United States should be raised to $12 per 

hour.”  This example illustrates the typical layout of a discussion forum index in an 

asynchronous threaded discussion.  Some posts are replies to the post immediately above them in 

the index; other posts are replies to posts several levels higher in the index, representing new 

branches of the discussion.  Most post titles are customized to reflect the main point of their post.  

However, notice that the second post does not have a unique title, but simply repeats the title of 

its’ parent post preceded by “RE:,” which is the default title provided in most learning 

management systems if a participant does not provide their own post title. 

 
Table 1.1 
 
Reproduction of discussion forum index from experimental group with descriptive titles 

 
 
Post Title 
 

 
Student Name 

 
Date/Time of Post 

 
Who is the real target of minimum wage increase?  
     RE: Who is the real target of minimum wage increase? 
     Teenagers don't need money? 
          Some teenagers have to support others  
               Contributing to families 
                    The data is not conclusive 
                         Further data 
          Student Loans are available for a reason 
               Loans may be there, but we shouldn't need them 
     The target is the individual who lost their job in the Great Recession 
     Who Receives Minimum Wage? Then vs. Now 
          Demographics of Minimum Wage Workers  

  
    Student #1 
    Student #2 
    Student #3 
    Student #4 
    Student #5 
    Student #4 
    Student #5 
    Student #1 
    Student #3 
    Student #6 
    Student #5 
    Student #1 

   
  10/27/14 6:46 PM 
  10/27/14 6:54 PM 
  10/27/14 7:10 PM 
  10/27/14 7:42 PM 
  10/28/14 5:38 PM 
  11/3/14 11:43 AM 
  11/4/14 10:13 AM 
  11/4/14 2:27 PM 
  11/4/14 8:09 PM 
  10/28/14 5:21 PM 
  11/4/14 10:34 AM 
  11/4/14 2:38 PM 
 

 

A major challenge faced by distance learners is the difficulty in navigating threaded 

discussions due to a lack of orienting cues such as the context of, and relationships between, 

various posts.  Every time the learner revisits the discussion, he or she may have to re-read the 
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many posts on the discussion board to reorient him or herself to the discussion before 

contributing additional insights.  This could potentially increase the cognitive load (i.e., mental 

burden) on the learner above what is required in a real-time discussion in the face-to-face 

classroom where students can listen and contribute to a conversational thread about one idea 

from start to end before discussing the next idea (Meyer, 2003; Thomas, 2002).  The indentation 

of replies to previous posts provides information about the temporal relationships between posts, 

but not the conceptual relationships.  As a result, details pertaining to the context of each reply 

can quickly become lost, as the learner becomes overwhelmed by the cognitive burden of 

following multi-threaded discussions.  With the increase in popularity of distance learning, and 

the challenges imposed by this mode of learning, there is a consensus among researchers that it is 

important to identify solutions to address these challenges to better facilitate and promote the 

attainment of critical thinking skills (Gao, 2011; Gilbert & Dabbagh, 2005; Hewitt, 2003; Meyer, 

2003; Thomas, 2002). 

One possible solution to this problem is to include descriptive titles for each and every 

post so that the context of a discussion thread is evident to a student without having to read or re-

read each post in the thread.  As a result, the purpose of this study is to determine to what extent 

descriptive titles can reduce extraneous cognitive load and, by doing so, enable learners to select 

and reply to more posts or reply to posts in ways that demonstrate higher levels of critical 

thinking.  Cognitive load is defined as a theoretical construct that represents the mental load, or 

mental burden, that performing a particular instructional activity imposes on a learner’s cognitive 

system.  The main hypothesis guiding this study is that descriptive post titles in a discussion 

forum index can serve as an advance organizer that reduces extraneous cognitive load, frees up 
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mental resources for the germane cognitive task of critical thinking, and produces measurable 

increases in the level of critical thinking in threaded discussions. 

Context of the Problem 

Educators and employers frequently cite critical thinking as a key goal of higher 

education (Arend, 2009; Behar-Horenstein & Niu, 2011; Butler, 2012; Facione, 1990; Greenlaw 

& DeLoach, 2003; Hart Research Associates, 2007, 2010, 2013; Ivie, 1998).  A survey 

conducted by Hart Research Associates (2010) on behalf of the Association of American 

Colleges and Universities in 2009 found that the majority of employers are supportive of 

educational practices emphasizing development of critical thinking skills in college students.  

These skills include an ability to apply the knowledge students attain in school to decision-

making in real-world settings and an ability to conduct research and apply it to an evidence-

based analysis of a complex problem.  This need to prepare graduates to handle complex 

problems is further evidenced in that 88% of 302 employers surveyed in 2009 agreed that the 

challenges faced by their employees today are more complex than the challenges faced by their 

employees in the past.  Eighty-one percent of the employers surveyed indicated that they believe 

colleges need to place more emphasis on critical thinking and analytical reasoning skills.  This is 

an 8% increase over a 3-year period, up from 73% of 305 employers surveyed in 2006 who 

indicated that they believe colleges and universities need to place more emphasis on critical 

thinking and analytical reasoning skills (Hart Research Associates, 2007).  This indicates an 

upward trend in recent years in the importance that employers place on college graduates 

entering the workforce with well-developed critical thinking skills.  Educators can assist students 

with developing critical thinking skills by researching and implementing learning strategies that 

increase critical thinking. 
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A more recent survey of employers conducted on behalf of the Association of American 

Colleges and Universities in January of 2013 shows this trend continuing.  In 2013, 82% of 318 

employers surveyed indicated that they believe colleges need to place more emphasis on critical 

thinking and analytical reasoning skills.  Also, 93% of employers agree that “a candidate’s 

demonstrated capacity to think critically, communicate clearly, and solve complex problems is 

more important than their undergraduate major,” and 95% of employers agree that their 

“company puts a priority on hiring people with the intellectual and interpersonal skills that will 

help them contribute to innovation in the workplace” (Hart Research Associates, 2013, p. 4). 

Furthermore, Educational Testing Service (ETS, 2012b) found that only 8% of college 

seniors taking the ETS Proficiency Profile between 2007 and 2012 tested as “proficient” in 

critical thinking, with 20% testing as “marginal” and 71% testing as “not proficient” in critical 

thinking.  Educational Testing Service (ETS, 2012a) also found that only 3% of entering college 

freshmen taking the ETS Proficiency Profile during the same time period tested as “proficient” in 

critical thinking, with 10% testing as “marginal” and 88% testing as “not proficient” in critical 

thinking.  This difference of only 5% between the percentages of college seniors versus entering 

freshmen testing proficient in critical thinking calls into question whether colleges are currently 

succeeding in teaching critical thinking skills.  Also, in light of the findings reported by Hart 

Research Associates (2007, 2010, 2013) on the expectations of employers for college graduates 

to have proficiency in critical thinking, the actual proficiency in critical thinking of college 

students reported by ETS (2012a, 2012b) confirms a significant gap between the desired and 

actual proficiency in critical thinking of graduating college students. 

Critical thinking skills are not only necessary for college graduates to function as 

required in the workplace, but are also necessary for graduates to function as responsible citizens 
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in their everyday lives within a wide range of real-world scenarios in areas such as health 

management, sexuality, interpersonal decisions, financial management, and abiding by the law 

(Butler, 2012).  Using the Halpern Critical Thinking Assessment (HCTA) to measure critical 

thinking, Butler (2012) found that students and adults with higher critical thinking scores were 

less likely to have experienced negative life events, such as paying bills late, accumulating credit 

card debt, contracting a sexually transmitted infection, getting divorced, or being arrested, than 

those who demonstrate lower critical thinking abilities on the HCTA.  The purpose of education 

has traditionally been viewed as a means of developing students into productive members of the 

workforce and responsible citizens of our society, and it is becoming increasingly evident that 

critical thinking is a key skill for survival and success in the 21st century workplace and the 21st 

century society in which we live. 

Problem Statement 

Given the importance that educators and employers place on critical thinking (Arend, 

2009; Behar-Horenstein & Niu, 2011; Butler, 2012; Facione, 1990; Greenlaw & DeLoach, 2003; 

Hart Research Associates, 2007, 2010, 2013; Ivie, 1998), and the challenges that learners face in 

the distance learning environment (Gao, 2011; Gilbert & Dabbagh, 2005; Hewitt, 2003; Meyer, 

2003; Thomas, 2002), empirical research is needed to find effective ways to increase critical 

thinking in distance education.  Previous research has found that activities involving interactive 

engagement lead to greater critical thinking in online courses (Saadé et al., 2012), and that 

interactivity in online classrooms occurs primarily in asynchronous threaded discussions (G. 

Chen & Chiu, 2008; Gao, 2011; Gilbert & Dabbagh, 2005; Meyer, 2003; Thomas, 2002).  

Therefore, research is needed to identify effective interventions to increase critical thinking in 

asynchronous threaded discussions.  However, certain obstacles inherent to the online discussion 
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environment must be addressed and overcome to develop effective instructional interventions 

that increase learner engagement and the resulting critical thinking. 

Specific challenges to productive learner interaction in asynchronous threaded 

discussions that need to be overcome include: (a) a lack of meaningful connections among posts, 

(b) limited growth and development of threads in the discussion, (c) disorientation experienced 

by learners in the hypertext environment, and (d) cognitive overload experienced by learners in 

the hypertext environment.  Researchers have identified each of these as important issues which 

must be addressed in order to increase the effectiveness of asynchronous threaded discussions in 

attaining desired learning outcomes (Boechler, 2001; Boechler & Dawson, 2002; C.-Y. Chen, 

Pedersen, & Murphy, 2012; Dennen, 2005; Gao, 2011; Hewitt, 2003, 2005; Schellens & Valcke, 

2005; Wise, Marbouti, Hsiao, & Hausknecht, 2012). 

Regarding the lack of meaningful connections among posts observed in asynchronous 

threaded discussions, Gao (2011) found that even when participants create a post in reply to an 

existing one, they do not always respond directly to the ideas expressed in the post they are 

replying to.  Sometimes they simply post their own ideas beneath another participant’s post, 

resulting in a lack of connection between the posts and “little negotiation of meanings and 

building up of ideas” (Gao, 2011, p. 42).  Wise, Marbouti, Hsiao, and Hausknecht (2012) 

surveyed students participating in asynchronous threaded discussions about how they decide 

which posts to reply to and found that “factors related to the content of posts were the most 

important in deciding who to reply to,” indicating that “at a basic level students are concerned 

with relating their ideas to those of others” (p. 474).  However, when post titles do not concisely 

state the main idea of the post, participants in asynchronous threaded discussions are not alerted 
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to the content of each post in advance of opening and reading it, so presumably they cannot 

choose which posts to open and read based on content. 

Hewitt (2003, 2005) found that asynchronous threaded discussions often experience 

limited growth and development of threads.  Similarly, Gao (2011) noted that “online 

discussions are very often not well sustained” (p. 43).  Without sustained discussion and growth 

of threads, it is difficult to generate sufficient participation in an online discussion to promote 

critical thinking and ensure successful learning outcomes.  Dennen (2005) explains this 

relationship: 

While student participation is not a direct measure of learning, it is necessary in order for 

a discussion activity to be successful and result in learning.  Should student messages be 

lacking in sufficient quantity, quality, timing, and purpose then it is less likely that the 

learning objectives will be met through that activity. (p. 128) 

Dennen found that courses with a lower quantity of participation on the discussion board also 

tended to have a lower quality of participation.  Characteristics of low quality posts noted by 

Dennen include posts with minimal discussion of course content, posts which lack depth or 

focus, and posts lacking in dialogue-like interaction (i.e., lacking meaningful connections to 

other posts).  Schellens and Valcke (2005) found that groups with “an intensive discussion (lots 

of messages)” achieved a significantly higher level of knowledge construction.  They concluded 

that “if we can stimulate students to discuss, this leads to better learning results” (p. 973).  

Further research is needed to identify interventions that encourage greater participation in 

discussions and more sustained discussions, resulting in higher quality posts and the achievement 

of desired learning outcomes, including critical thinking. 
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Disorientation is a challenge frequently reported by learners in the hypertext 

environment, in general (Boechler, 2001; Boechler & Dawson, 2002; Morozov, 2009), and in 

asynchronous threaded discussions, in particular (C.-Y. Chen et al., 2012).  Disorientation in a 

hypertext environment can take the form of the user not knowing where to navigate next to find 

the desired information on the site, knowing where they want to go on the site but not knowing 

how to navigate there, and/or feeling lost within the site and unsure where they currently are in 

relation to the overall structure of the site (Boechler, 2001).  This disorientation can lead to 

looping through the same pages multiple times, taking inefficient paths through the site to get to 

the desired page, frequent backtracking through pages previously visited, and/or viewing many 

pages superficially without a deeper concept of the relatedness of the pages to each other 

(Boechler, 2001).  Each of these forms of disorientation can also occur in asynchronous threaded 

discussions, especially when no effective form of organizer is present to cue learners in advance 

to the content of the posts and the relationships between the posts. 

In investigating the effects of different kinds of navigational aids on learners’ sense of 

disorientation, Boechler and Dawson (2002) found that learners’ navigation patterns were 

heavily influenced by the type of information contained in the navigational tool available to 

them.  They found that users did not visit pages strictly in a linear order, and that they tended to 

make “some transition choices based on content as well, that is, a best guess from the labels or 

previously visited pages as to what would be an appropriate page to find the target information” 

(Boechler and Dawson, 2002, p. 113).  They noted that when navigating an unfamiliar website, if 

the only preview information available to a user is an index of page titles, they still made page 

transition choices based on the content of the pages, as surmised from the titles, rather than in 

strictly linear order. 
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However, not all types of navigational aids are effective in reducing learner 

disorientation.  Morozov (2009) found that learners experienced high levels of disorientation 

both when no navigational aid was provided and when a navigational aid in the form of a 

network map was provided.  The network map consisted of concept nodes that contained 

hyperlinked text.  In Morozov’s study, network maps, based on semantic links representing 

relationships between concepts on different pages, were not effective in reducing a learner’s 

disorientation.  In contrast, hierarchical maps, created by listing the module’s pages by topics 

and sub-topics in a vertical index, and using indentation to indicate the level of each page, were 

effective in reducing disorientation.  Further research is needed to determine if similarly 

structured navigation aids could reduce disorientation in asynchronous threaded discussions. 

Disorientation in asynchronous threaded discussions can also contribute to a learner’s 

sense of cognitive overload, which can interfere with productive participation in discussions.  

Boechler (2001) describes cognitive overhead as “the amount of cognitive resources necessary to 

successfully complete an informational task in hypertext” and notes that “degraded performance 

occurs when a hypertext user’s cognitive resources are overwhelmed by these demands” (p. 27), 

such as in a state of cognitive overload.  C.-Y. Chen et al. (2012) found that difficulty navigating 

asynchronous threaded discussions due to “the threading structure of computer conferencing, 

particularly the fragmentation of information caused by the non-linear discussion format” (p. 

342), contributed to students’ perceived cognitive load.  In investigating the effects of perceived 

cognitive load on participation and knowledge construction in an asynchronous threaded 

discussion, they found that participants reporting high levels of information overload participated 

less than students reporting no information overload, as measured by the average number of 

messages posted by each participant and the average message length for participants in each 
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condition.  This illustrates how cognitive overload can affect learners’ participation in 

asynchronous threaded discussions, which could also contribute to difficulty in sustaining 

discussions. 

In summary, due to challenges learners face in navigating and participating in 

asynchronous threaded discussions, there is evidence to show that these challenges can limit the 

exchange of ideas between participants, limit shared construction of knowledge in threaded 

discussions, and hinder students’ ability to sustain discussions to the levels needed to effectively 

collaborate and construct shared knowledge.  Research is needed to find effective interventions 

to reduce disorientation and cognitive overload in asynchronous threaded discussions in order to 

increase students’ ability to build sustained discussions, make meaningful connections between 

posts, and increase the level of critical thinking necessary to achieve the desired learning 

outcomes. 

Purpose of the Study 

In the present study, I examine the effects of using descriptive post titles, as a form of 

advance organizer, on levels of critical thinking and cognitive load in an asynchronous threaded 

discussion.  This intervention is based on previous research findings regarding critical thinking, 

cognitive load, and advance organizers.  This study is grounded in the theoretical framework of 

dialogic theory, cognitive load theory, and assimilation theory.  Details about each of these 

theories are covered in Chapter 2. 

The use of descriptive post titles as a form of advance organizer is based on assimilation 

theory (Ausubel, 1962, 1963a, 1963b, 1968, 1970; Ausubel, Novak, & Hanesian, 1978; Mayer, 

1978, 1979a, 1979b) and on the findings of previous research on advance organizers as signaling 

devices (Bartell, Schultz, & Spyridakis, 2006; Hyönä & Lorch, 2004; Lemarié, Lorch, and Péry-
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Woodley, 2012; Loman & Mayer, 1983; Lorch, 1989; Lorch & Lorch, 1996a, 1996b; Lorch, 

Lorch, & Inman, 1993; Lorch, Lorch, Ritchey, McGovern, & Coleman, 2001).  Advance 

organizers are learning aids that apply the principles of assimilation theory in a practical way by 

organizing new knowledge and presenting an outline of the knowledge to the learner in advance, 

in the form of a schema to which the new knowledge can be anchored and assimilated into new 

meaning (Ausubel, 1970). 

Furthermore, advance organizers function as signaling devices to aid learners in 

anchoring new information to pre-existing knowledge already contained in their cognitive 

structure (Ausubel, 1962, 1963a, 1963b, 1968, 1970; Ausubel et al., 1978; Mayer, 1978, 1979a, 

1979b). Various researchers (Bartell et al., 2006; Hyönä & Lorch, 2004; Lemarié et al., 2012; 

Loman & Mayer, 1983; Lorch, 1989; Lorch & Lorch, 1996a, 1996b; Lorch, Lorch, & Inman, 

1993; Lorch, Lorch, Ritchey et al., 2001) have noted that titles and headings function as effective 

signaling devices in expository text.  Specifically, researchers have noted that titles and headings 

as signaling devices assist readers both with creating “mental roadmaps or schemata of a text’s 

structure and content” (Bartell et al., 2006, p. 416) and with “perform[ing] better on recall of 

conceptual information and on generating high quality problem solutions” (Loman & Mayer, 

1983, p. 402).  By instructing participants in the experimental group of the present study to 

succinctly state the main idea of each post in the post’s title (see Appendices E and G), the 

discussion forum index is expected to act as an advance organizer, signaling learners in advance 

to the content of each post. 

In the present study, cognitive load is also measured to determine if the use of post titles 

as an advance organizer is effective in reducing the mental burden (i.e., cognitive load) imposed 

on the learner by the complex organization of a typical asynchronous threaded discussion. 
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Cognitive load theory investigates the impact that limitations of human cognitive architecture 

have on learning, and proposes design principles to effectively manage cognitive load and 

maximize learning (Sweller, Ayres, & Kalyuga, 2011).  The specific cognitive load design 

principle the present study employs is the signaling principle, which is used to counter the split 

attention effect.  The split attention effect is caused when a learner’s attention is split between 

aspects of instruction that are either spatially separated (i.e., located in different places) or temporally 

separated (i.e., separated by time), resulting in increased extraneous cognitive load (Sweller, 2010b; 

Sweller et al., 2011).  In asynchronous threaded discussions, content is spatially separated (since each 

post is contained on a different page), and if the learner accesses the discussion multiple times, the 

content is also temporally separated (due to the time that elapses between their login sessions).  The 

combined split attention effects from spatially and temporally separated content can generate 

significant extraneous cognitive load (Sweller et al., 2011).  The signaling technique is used to 

reduce extraneous cognitive load by using titles, headings, previews, overviews, summaries, or other 

similar signaling devices to direct a learner’s attention to key points in the instruction (Bartell et al., 

2006; Lorch & Lorch, 1996b; Mayer, 2005b).  In this study, descriptive post titles, when viewed 

together in the discussion forum index, are used as signals to cue learners to the main idea of each 

post before accessing and reading or re-reading the posts. 

Findings from previous cognitive load studies (Conway, Dick, Li, Wang, & Chen, 2013; 

Haapalainen, Kim, Forlizzi, & Dey, 2010; Leyman, Mirka, Kaber, & Sommerich, 2004; 

Nourbakhsh, Wang, Chen, & Calvo, 2012; Paas, 1992; Shi, Ruiz, Taib, Choi, & Chen, 2007) 

informed the decision to use surface electromyography, galvanic skin response, heat flux, and self-

rated mental effort as measures of cognitive load in this study. An aggregated cognitive load score 

is computed for each participant, based on their mean surface electromyography scores, mean 

galvanic skin response scores, mean heat flux scores, and self-rated mental effort scores.  Mean 
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composite cognitive load scores for each group are compared to determine if descriptive post 

titles reduce cognitive load. 

Critical thinking is measured in this study, using both quantitative and qualitative metrics, 

to determine if the use of descriptive post titles as an advance organizer is effective in increasing 

critical thinking in asynchronous threaded discussions.  The present research builds on findings 

from previous studies on critical thinking in asynchronous threaded discussions (Arend, 2007; 

Brooks & Jeong, 2006; Jeong 2001, 2003, 2004a, 2004b, 2005a, 2005b, 2006a, 2006b, 2007; 

Jeong & Davidson-Shivers, 2006; Jeong & Frazier, 2008; Jeong & Joung, 2007; Jeong & Lee, 

2008; Jin & Jeong, 2013).  Dialogic theory justifies examining interactions on the discussion 

board for evidence of critical thinking, since dialogic theory posits that conflict in dialogue 

promotes the construction of new knowledge and meaning in a social context (Bakhtin, 1981), 

and the discussion board is the place where dialogue typically takes place in online classes 

(Arend, 2009).  In a study which confirms this theory, Arend (2007), in a review of 60 online 

classes, found discussions to be positively correlated with students’ use of critical thinking 

strategies.  This finding held for discussions in general, not just debates.  Although structuring a 

discussion as a debate may help emphasize elements of conflict (or alternative points of view), it 

is also presumed, based on dialogic theory, that dialogue itself contains sufficient conflict to 

generate critical thinking, as each participant in the discussion shares their own view on a topic.  

This further justifies examining interactions in asynchronous threaded discussions for critical 

thinking, since that is where dialogue primarily takes place in the online classroom. 

Jeong has conducted numerous studies (Brooks & Jeong, 2006; Jeong 2001, 2003, 2004a, 

2004b, 2005a, 2005b, 2006a, 2006b, 2007; Jeong & Davidson-Shivers, 2006; Jeong & Frazier, 

2008; Jeong & Joung, 2007; Jeong & Lee, 2008; Jin & Jeong, 2013) aimed at identifying various 
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factors that contribute to the level of critical thinking in asynchronous threaded discussions.  

Using a tool he developed called the Discussion Analysis Tool (DAT), Jeong (2001, 2003) used 

sequential analysis to study the relationships between posts in online discussions to determine 

whether various factors lead to an increase in specific interactions which would indicate a higher 

level of critical thinking.  Jeong found that interactions involving conflicting viewpoints, such as 

challenges to arguments and counter-challenges to challenges, sustained discussion and led to 

greater levels of critical thinking. 

Results from Jeong’s (2001) research also indicated that titling posts may increase the 

depth of a discussion, potentially leading to higher levels of critical thinking.  Jeong found that 

untitled posts were less likely to elicit replies in asynchronous threaded discussions, and for the 

untitled posts that did receive replies, the average number of replies was lower than the average 

number of replies to titled posts across all event categories.  These findings strongly suggest that 

post titles are important for eliciting replies and sustaining discussion.  Because sustained 

discussion is necessary to achieve higher levels of critical thinking, there is a need to further 

examine the use of post titles to determine if they support critical thinking in asynchronous 

threaded discussions. 

Research Questions 

This study examines the following research questions: 

1. What effect do descriptive post titles have on critical thinking in a debate on an 

asynchronous threaded discussion board? 

2. What effect do descriptive post titles have on cognitive load in a debate on an 

asynchronous threaded discussion board? 
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Hypotheses 

The corresponding hypotheses of this study are: 

1. Descriptive post titles will increase critical thinking on the discussion board as a 

result of reducing cognitive load, by allowing learners to focus more mental resources 

on producing posts containing a higher level of critical thinking.   

Rationale:  This hypothesis is based on Jeong’s finding that posts with descriptive 

titles were more likely to elicit replies than posts without descriptive titles (Jeong, 

2001), along with findings from various researchers regarding structuring and 

facilitating discussion boards in ways that increase critical thinking (Brooks & Jeong, 

2006; Jeong, 2001, 2003, 2005b, 2007; Jin & Jeong, 2013). 

2. Descriptive post titles will decrease cognitive load on the discussion board by acting 

as an advance organizer and signaling learners to the main point of each post prior to 

opening and reading each post. 

Rationale:  This hypothesis is based on results from previous studies showing that 

use of advance organizers can help reduce cognitive load (Mayer & Moreno, 2003; 

Morozov, 2009). 

Operationalized Definitions 

Advance organizer – a learning aid that helps learners assimilate new knowledge by providing a 

schema, to which the new knowledge can be anchored and assimilated into new meaning. 

Asynchronous threaded discussion – a discussion consisting of a threaded series of posts on a 

discussion board that takes place over a period of time with individual participants logging in 

and contributing posts to the discussion at different times. 
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Cognitive load – a theoretical construct that represents the mental load, or mental burden, that 

performing a particular instructional activity imposes on a learner’s cognitive system. 

Cognitive load theory – an instructional design theory which seeks to explain how the limitations 

of human cognitive architecture impact learning, and proposes instructional design principles to 

effectively manage cognitive load and maximize learning. 

Collaborative argumentation – collaborative debate among learners for the purpose of 

developing and exercising critical thinking skills by presenting arguments, supporting arguments 

with evidence, evaluating arguments, considering alternatives, countering arguments, and 

synthesizing new knowledge gained through the debate. 

Critical thinking – reflective thought that results in analyzing ideas, synthesizing concepts, 

evaluating arguments, making judgments, and/or drawing conclusions.   

Descriptive post title – concisely stated titles that summarize the main idea or key argument of a 

discussion board post presented in the subject heading of a post. 

Significance of the Study 

The findings from this study could inform the design of learning management systems in 

ways that better facilitate critical thinking in asynchronous threaded discussions.  If descriptive 

post titles are found to reduce cognitive load and increase critical thinking, learning management 

systems could incorporate this finding by displaying a blank title field by default when a learner 

composes a new post or reply, and requiring the learner to enter a unique title for each post prior 

to submitting the post to the discussion.  This would eliminate the incidence of multiple posts 

with identical titles, differentiated only by the “Re:” prefix currently attached to replies by many, 

if not most, learning management systems. 
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Simple changes of this kind within a learning management system could, in theory, 

increase students’ ability to engage in higher levels of critical thinking and ultimately help to 

develop and improve the critical thinking skills of students and college graduates.  To prepare 

college graduates for success in both the workplace and in society, researchers have emphasized 

developing educational practices aimed at increasing the critical thinking skills of college 

students (Arend, 2009; Greenlaw & DeLoach, 2003; Maurino, 2006; Saadé et al., 2012; Weltzer-

Ward, 2011).  The benefit to society of any educational intervention that increases critical 

thinking skills in college students would be graduating students who are better prepared to meet 

the complex demands of the modern workforce and to be responsible members of society, 

equipped to make sound choices that will help them avoid various potentially negative life events 

(Behar-Horenstein & Niu, 2011; Butler, 2012). 

Finally, as the prevalence of online education increases, it is important to ensure that 

students who choose to complete degrees online will be able to use their earned degrees to obtain 

employment after graduation.  In a national survey of hiring executives, 96% of employers 

indicated that, if all other factors were equal, they would select a job candidate with a traditional 

degree over a similarly qualified candidate with an online degree.  When questioned about why 

they would be hesitant to hire a job candidate with an online degree, employers cited the lack of 

interaction with peers and faculty, “particularly with regard to interpersonal experiences and the 

skills that emerge from group discussions [emphasis added] and teamwork” (Adams & DeFleur, 

2006, p. 42).  Due to the prevalence of this bias among employers against job candidates with 

online degrees, educators are concerned about identifying new research-based approaches to 

distance learning that will improve the perception of the integrity and validity of degrees earned 

at a distance (Adams, 2008).  Therefore, if instructional methods are developed from the results 
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of the present research that can be used to increase critical thinking (and the quality of interaction 

between peers and instructors) in online classes, future studies could confirm that students are 

gaining skills of value to employers, such as critical thinking, through collaborative group 

discussions in their online classes.  Such future studies would help increase the perceived value 

and acceptability of online degrees among students and employers. 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

Chapter Overview 

This chapter provides an overview of selected literature concerning significant concepts 

that form the foundation of this study, including critical thinking, cognitive load theory, and 

advance organizers.  The goal of this study is to determine the effects of descriptive post titles on 

critical thinking and cognitive load in asynchronous threaded discussions.  The primary 

hypothesis guiding this study is that using descriptive post titles as a form of advance organizer 

will reduce extraneous cognitive load, freeing up mental resources to be put to use in producing 

posts containing higher levels of critical thinking. 

The review of the literature begins with an overview of the theoretical framework for the 

present research, specifically dialogic theory, cognitive load theory, and assimilation theory.  

Second, I present a review of previous research into critical thinking on asynchronous threaded 

discussions, with a focus on critical thinking models that have been developed for use in content 

analysis and interaction analysis.  Third, I identify gaps in the research, such as the need to 

develop interventions for reducing cognitive load in asynchronous threaded discussions and the 

need to study the effects of advance organizers on cognitive load in asynchronous threaded 

discussions.  Finally, I conclude this chapter with a discussion of how this study fills the gaps by 

examining the effects of descriptive post titles as a form of advance organizer for reducing 

cognitive load and increasing critical thinking in asynchronous threaded discussions.  Figure 2.1 

depicts the rationale for the organization of the Review of the Literature chapter. 
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Figure 2.1 Rationale and organization of the Literature Review chapter 

How Does this Study Fill the Gaps? 
This study examines the effects of 
descriptive post titles as an advance 
organizer for reducing cognitive load and 
increasing critical thinking in asynchronous 
threaded discussions. 
 

What is the Theoretical Framework for 
the Present Research? 
The present research is grounded in dialogic 
theory, cognitive load theory, and 
assimilation theory.  
 

What Has the Previous Research 
Accomplished? 
Critical thinking models have been 
developed for use in content analysis and 
interaction analysis. 

Where are the Gaps in the Research? 
Interventions for reducing cognitive load in 
asynchronous threaded discussions are 
needed.  Use of advance organizers to reduce 
cognitive load in asynchronous threaded 
discussions has not be studied. 
 

The Overarching Goal of the Study: 
To enhance critical thinking in 
asynchronous threaded discussions 
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My strategy for searching the literature began by conducting a comprehensive review of 

published articles and books on the following topics: dialogic theory, dialogic theory as applied 

to asynchronous threaded discussions, assimilation theory, cognitive load theory, critical 

thinking, critical thinking in asynchronous threaded discussions, taxonomies and models for 

assessing critical thinking in asynchronous threaded discussions, cognitive load in asynchronous 

threaded discussions, measuring cognitive load, advance organizers, graphic organizers, use of 

advance and graphic organizers in asynchronous threaded discussions, and use of advance 

organizers to manage cognitive load.  I have continuously added additional publications to the 

literature review throughout the writing process, as new books and articles have been published, 

to keep the literature review current and reflect the current state of research on these topics. 

Theoretical Framework 

Several theoretical frameworks guide the inquiry of this study: dialogic theory, cognitive 

load theory, and assimilation theory.  Dialogic theory provides a framework and rationale for 

studying critical thinking in group discussions because dialogic theory emphasizes the role that 

dialogue – particularly dialogue containing conflicting ideas – plays in the construction of new 

knowledge and meaning.  Cognitive load theory provides an explanation for how some of the 

challenges that learners face in asynchronous threaded discussions – such as information 

overload and poor organization – may reduce the amount of cognitive resources they have 

available for engaging in critical thinking.  Assimilation theory provides the underpinnings to 

explain how advance organizers may reduce cognitive load and help learners overcome some of 

the challenges faced in asynchronous threaded discussions.                                                                                   
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Dialogic Theory 

 Dialogic theory (Bakhtin, 1981) posits that meaning is constructed not simply as a result 

of any one utterance from one person to another, but as a result of the way in which various 

utterances between people interact, and even conflict with each other.  Meaning is thought to be 

the result of the relationship between various utterances between people, and therefore meaning 

is constructed within a social context.  Asynchronous threaded discussions provide a social 

context within the online classroom where dialogic exchanges can take place between learners.  

Boyd (2008) states that “Written discussion board exchanges provide students with good 

opportunity to craft their thinking within dialogic exchanges rather than in isolation, which helps 

students better envision an audience for whom they are writing” (p. 239). 

Furthermore, dialogic theory posits that meaning is constructed as a result of conflict 

negotiation through dialogue.  Boyd (2008) described learners participating in asynchronous 

threaded discussions in the online classroom as “co-constructors of knowledge rather than 

passive receivers of predetermined truths” (p. 239) and noted that constructing their thoughts, 

opinions, and interpretations for immediate review by their peers helped them “write their way 

into new insights and ways of seeing” (p. 239). 

Frijters, ten Dam, and Rijlaarsdam (2008) found that students in a dialogic learning 

condition achieved higher scores on critical thinking competencies than students studying the 

same content presented in a non-dialogic learning condition.  Both conditions consisted of the 

same course content presented through readings which the students studied individually, 

followed by questions they were asked to answer in a written essay.  In the dialogic condition, 

the reading consisted of a simulated dialogue between two students about the topic of recycling 

computers in developing countries.  In the non-dialogic condition, the same material was 



25 

presented, but in the form of regular text similar to the format of a typical textbook, rather than 

as a dialogue between two students. 

The level of critical thinking in the students’ essays was assessed using a rating scale 

based on the Pragmatic-Dialectic School of Argumentation. Rated criteria included “the number 

of points raised or questioned by the participant when responding to the issue,” “the number of 

arguments in support of the position taken by the participant,” and “the number of coordinated 

and subordinated arguments generated by participants in support of the measures that they 

proposed” (Frijters et al., 2008, p. 73).  They found that students in the dialogic learning 

condition “produced more positions when responding to the position formulated by a peer in the 

stimulus text, more supportive arguments, and more coordinated and subordinate arguments to 

support the measures they proposed” (Frijters et al., 2008, p. 78).  These findings suggest that it 

is the dialogic nature of asynchronous threaded discussion boards that facilitates critical thinking. 

Cognitive Load Theory 

Cognitive load theory is an instructional design theory which seeks to explain how the 

limitations of human cognitive architecture impact learning, and proposes instructional design 

principles to effectively manage cognitive load and maximize learning (Sweller, 2010a, 2010b; 

Sweller et al., 2011).  Cognitive load is a theoretical construct that represents the mental load, or 

mental burden, that performing a particular instructional activity imposes on a learner’s cognitive 

system (Paas, Ayres, & Pachman, 2008).  Sweller et al. (2011) describe human cognitive 

architecture as “the manner in which the components that constitute human cognition such as 

working and long-term memory are organized” (p. 15).  Long-term memory is immeasurably 

large and is central to “all higher-level cognitive activities such as problem-solving and thinking” 

(Sweller et al., 2011, p. 22).  Competence and expertise is largely dependent on knowledge and 
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skills held in long-term memory (Sweller et al., 2011).  Conversely, working memory – also 

called short-term memory – is limited, and can only hold a few items at a time.  Traditional 

estimates of working memory indicate approximately seven +/- two items can be held in working 

memory at a time (Miller, 1956); however, more recent research indicates this number may be 

closer to four (Cowan, 2000).  Cognitive load can also be described as the mental burden 

imposed by new information that must be held in working memory plus the burden imposed by 

processing that information to integrate it into existing cognitive structures in long-term memory 

(Clark & Mayer, 2011).  Given the limited capacity of working memory, the goal of cognitive 

load theory is to design instruction that directs scarce working memory resources to the essential 

aspects of learning and reduces the mental burden imposed by the design of the instruction itself 

(Sweller et al., 2011). 

Types of cognitive load.  There are two types of cognitive load imposed on working 

memory by instruction – intrinsic and extraneous cognitive load.  The amount of cognitive load 

imposed by each of these types of load is additive and together they comprise the total cognitive load 

imposed on the learner’s working memory by the instruction (Kalyuga, 2011, 2012; Sweller, 2010b; 

Sweller et al., 2011).  Intrinsic cognitive load refers to the mental load caused by the inherent 

complexity of the subject matter of the instruction, irrespective of the manner in which the 

instruction is presented or the learning activities contained in the instruction.  Intrinsic cognitive load 

is a function of the element interactivity for the specific task being taught.  Element interactivity is 

the number of elements or chunks of information that interact within one learning task and must be 

processed simultaneously in working memory to comprehend the task (Kalyuga, 2011; Sweller, 

2010b).  Extraneous cognitive load refers to cognitive load imposed by the design and presentation of 

the instruction, rather than by the inherent difficulty of the subject matter.  Because extraneous 

cognitive load is imposed by instructional designs that are less than optimal, total cognitive load can 
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be reduced through instructional design techniques aimed at reducing extraneous cognitive load 

(Kalyuga, 2011; Sweller, 2010b).  However, reducing these cognitive demands through instructional 

design alone may not be sufficient for effective learning. 

Learners must also be sufficiently engaged and motivated to allocate the necessary working 

memory resources to meet the cognitive demands imposed by the instruction (Kalyuga, 2012).  The 

working memory resources needed to meet the intrinsic cognitive load of the instructions are referred 

to as germane cognitive resources because they are germane to learning.  In earlier 

conceptualizations of cognitive load theory, germane resources were referred to as ‘germane 

cognitive load’ and considered to be a third type of cognitive load (Kalyuga, 2012; Sweller et al., 

2011).  However, unlike intrinsic and extraneous load, it was realized that germane load is not 

caused by the nature and structure of the learning materials and is not actually a type of cognitive 

load.  In recent years, the researchers who originally developed cognitive load theory have 

reconceptualized the theory and acknowledged that cognitive load theory only consists of two types 

of cognitive load – intrinsic and extraneous– and not three types as was previously thought (Kalyuga, 

2011, 2012; Sweller, 2010b; Sweller et al., 2011).  Instead, the ‘germane’ category is now 

considered to belong within an entirely separate classification called cognitive resources 

(comprised of germane cognitive resources and extraneous cognitive resources). 

While working memory resources needed to meet the intrinsic cognitive load of the 

instructions are referred to as germane cognitive resources because they are germane to learning, 

working memory resources allocated to dealing with extraneous cognitive load are called extraneous 

cognitive resources.  In the same way that intrinsic and extraneous cognitive load are additive and 

comprise the total cognitive load of the instruction, germane cognitive resources and extraneous 

cognitive resources are additive and cannot exceed the total available working memory resources of 

the learner.  As a result, one goal of instructional design is to reduce extraneous cognitive load so that 
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less memory resources are devoted to extraneous load and more germane resources are available to 

deal with intrinsic cognitive load (Sweller et al., 2011). 

Split attention effect.  The split attention effect is caused when a learner’s attention is split 

between aspects of instruction that are spatially separated (i.e., located in different places) or 

temporally separated (i.e., separated by time), resulting in increased extraneous cognitive load 

(Sweller, 2010b; Sweller et al., 2011).  For example, Antonenko and Niederhauser (2010) describe 

the challenges learners face in building a cognitive model of new information in a hypertext 

environment: 

When learning from hypertext, situation model development is continually disrupted 

because information is presented in separate nodes, leading to attentional division 

between concepts from the current node being held in working memory, and the novel 

information encountered in a new node.  This split attention effect clearly has 

implications for hypertext-assisted learning (p. 142). 

In asynchronous threaded discussions, which is one form of a hypertext environment, content is 

spatially separated (since each post is contained on a different page), and if the learner accesses the 

discussion multiple times, the content is also temporally separated (due to the time that elapses 

between their login sessions).  The combined split attention effects from spatially and temporally 

separated content can generate significant extraneous cognitive load (Sweller et al., 2011). 

Antonenko and Niederhauser (2010) studied the use of leads (hypertext node previews), as a 

form of advance organizer, for reducing the split attention effect in a hypertext learning environment. 

The leads consisted of brief summaries of the contents of each page in the learning environment. 

When a learner hovered the mouse over a hyperlink, the associated lead would pop up, allowing the 

learner to view a summary of the content of the target webpage associated with that hyperlink, 

without actually leaving the page they are currently viewing. They found that using leads as a form 
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of advance organizer effectively reduces the split attention effect and the resulting extraneous 

cognitive load by allowing learners to view a concise summary of the content of the target webpage 

associated with each hyperlink while the content of the current page is still in view.  Similarly, it 

is assumed in this study that post titles that concisely summarize the main point of each post 

function as a form of advance organizer, allowing learners to view the main ideas of each post on 

one single page (the discussion forum index) without having to leave the index page.  This would 

allow learners to form a cognitive structure of the discussion by reviewing the post titles without 

having to retain the main idea of each post in working memory while accessing other posts and 

attempting to form a cognitive structure of the discussion.  The leads in Antonenko and 

Niederhauser’s (2010) study and the post titles in the present study are both examples of signaling 

devices. 

Signaling principle.  Signaling is a technique used to reduce extraneous cognitive load and 

mitigate the effects of split attention by using titles, headings, previews, overviews, summaries, or 

other similar signaling devices to direct a learner’s attention to key points in the instruction.  

Signaling has been used successfully both in printed text and in online text (Bartell et al., 2006; 

Lorch & Lorch, 1996b; Mayer, 2005b).  The signaling principle is based on the assumption that 

learners achieve deeper learning “when cues are added that highlight the organization of the 

essential material” (Mayer, 2005b, p. 183).  The signals themselves should not add new material 

to the instruction, but should instead draw the learner’s attention to essential information already 

contained within the instruction (Mayer, 2005b).  According to Mayer (2005a), signals are used 

“for determining what to pay attention to, how to mentally organize it, and how to relate it to 

prior knowledge” (p. 12).  Signaling has been found to be particularly effective in situations 

where excessive cognitive load is incurred by a confusing layout of the instructional material, 

especially when important information is poorly organized or when the page contains an 
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excessive amount of information (Mayer, 2005b).  In these cases, extraneous cognitive load is 

incurred because the learner has to scan through a large amount of material to find the most 

essential material.  Signals can be used to direct the learner’s attention to the most essential 

material, allowing them to ignore extraneous material and focus their cognitive capacities on the 

most essential material (Mayer, 2005b).  Van Merriënboer and Kester (2005) explain the 

relationship between signaling and cognitive load: 

The signaling or attention-focusing principle indicates that learning may be improved if 

the learner’s attention is focused on the critical aspects of the learning task or the 

presented information.  It reduces the need for visual search and so frees up cognitive 

resources that may then be devoted to schema construction and automation, with positive 

effects on transfer test performance. (p. 85) 

Schemata refer to collections of related knowledge which are organized hierarchically and by 

topic in long-term memory (Driscoll, 2005).  In cognitive load theory, the main goal of learning 

is the acquisition and automation of such schematic knowledge structures (Plass, Moreno, & 

Brünken, 2010).  Artino (2008) describes schema automation as the process that “occurs when 

information stored in schemas can be processed automatically and without conscious effort, 

thereby freeing up working memory resources” (p. 428).  Schema acquisition and automation 

becomes increasingly important the further the required transfer task is from the original training 

task; that is, the less the transfer task resembles the original training task, the more important it is 

to have relevant schemata that provide similar examples for use in solving complex problems 

(Paas & van Merriënboer, 1994).  The use of signaling techniques assists with this process by 

drawing the learner’s attention to key points and activating related prior knowledge in existing 

schemata to which the new knowledge can be anchored (Van Merriënboer & Kester, 2005). 
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Assimilation Theory 

 Assimilation theory explains how learners achieve meaningful learning by anchoring new 

information to pre-existing knowledge already contained in their cognitive structure.  Once 

assimilated, this newly acquired information can later be recalled and transferred to the solving 

of a variety of problems in different contexts (Ausubel, 1962, 1963a, 1963b, 1968, 1970; 

Ausubel et al., 1978; Mayer, 1978, 1979a, 1979b).  Meaningful learning is differentiated from 

rote learning, which refers to simple memorization without anchoring new information to 

previously learned knowledge.  In contrast, by anchoring new information to existing 

knowledge, meaningfully learned information becomes part of a broader context of knowledge 

stored in the learner’s cognitive structure.  Ausubel (1963a) describes existing cognitive structure 

as “an individual’s organization, stability, and clarity of knowledge in a particular subject matter 

field at any given time” (p. 217).  According to Ausubel et al. (1978), “At the core of 

assimilation theory is the idea that new meanings are acquired by the interaction of new 

knowledge with previously learned concepts or propositions” (p. 127).  He suggests that existing 

cognitive structure is the most important factor influencing a learner’s ability to acquire and 

retain meaningful learning: “If existing cognitive structure is clear, stable, and suitably 

organized, it facilitates the learning and retention of new subject matter” (Ausubel, 1963a, p. 

217).  Ausubel (1968) explains that “by non-arbitrarily relating potentially meaningful material 

to established ideas in his cognitive structure, the learner can effectively exploit his existing 

knowledge as an ideational and organizational matrix for the understanding, incorporation, and 

fixation of new knowledge” (p. 127).  Because knowledge learned meaningfully is anchored into 

existing schemata in the learner’s brain, it is retained much longer than information memorized 

by rote, making it potentially available in the future to transfer to the solving of new problems in 
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a variety of contexts (Ausubel, 1962, 1963b).  In the context of the present study, descriptive 

post titles are believed to help learners retain the overall structure of the arguments contained in 

the posts.  As a result, descriptive post titles enable the learner to transfer their knowledge of the 

existing state of the discussion into the production of additional meaningful response posts 

representing an increase in the level of critical thinking in the discussion. 

Advance organizers as an application of assimilation theory.  As a direct application 

of assimilation theory, advance organizers can be used to help learners assimilate new 

knowledge by organizing it and providing a schema in advance, to which new knowledge can be 

anchored and assimilated into new meaning.  Ausubel (1970) proposed the idea of using advance 

organizers “to provide ideational scaffolding for the stable incorporation and retention of the 

more detailed and differentiated material that follows” (p. 2).  The organizers, Ausubel (1963a) 

said, “are introduced in advance of the learning material itself, are formulated in terms that are 

already familiar to the learner, and are also presented at a higher level of abstractness, generality, 

and inclusiveness” (p. 220).  Mayer (1978, 1979a, 1979b) continued Ausubel’s research, 

focusing specifically on validating assimilation encoding theory in relation to advance 

organizers. 

Advance organizers have been shown to be particularly effective with learning materials 

that are poorly organized (Ausubel et al., 1978; Mayer, 1979a).  In the present study, descriptive 

post titles help create a discussion forum index which functions much like an advance organizer, 

aiding learners in maintaining more coherent mental structures of the discussion. This in turn 

may help promote the transfer of learners’ knowledge of the existing state of the discussion into 

the production of meaningful response posts that can raise the level of critical thinking in the 

discussion. 
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Summary of the Theoretical Framework 

In summary, dialogic theory provides the rationale for studying critical thinking in 

asynchronous threaded discussions because of its emphasis on the role that dialogue and conflict 

play in knowledge construction; cognitive load theory explains how extraneous cognitive load 

caused by the complex organization of posts in asynchronous threaded discussions could 

interfere with critical thinking; and assimilation theory explains why and how using descriptive 

post titles to form advance organizers could help learners minimize extraneous cognitive load.  

Together these theories provide a framework to support the hypotheses that descriptive post titles 

can help to reduce cognitive load and increase the level of critical thinking in asynchronous 

threaded discussions. 

Critical Thinking 

Having established the theoretical framework for the present research, this chapter 

proceeds with a review of the literature on critical thinking.  Reviewed in this section are the 

following: a) definitions of critical thinking used by other researchers and the definition of 

critical thinking used in the present study; b) the importance of critical thinking in asynchronous 

threaded discussions; c) challenges faced by learners in asynchronous threaded discussions and 

the potential negative impacts these challenges can have on critical thinking; d) the effects on 

critical thinking of requiring students to classify and label posts according to their purpose or 

function and the relevance of such labeling in relation to the present study; and e) an overview of 

models most commonly used to measure critical thinking in asynchronous threaded discussions. 

Critical Thinking Defined 

Although many definitions and taxonomies have been proposed to describe the term 

‘critical thinking,’ it is generally agreed that critical thinking consists primarily of the evaluation 
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of arguments (Arend, 2009; Astleitner, 2002; Behar-Horenstein & Niu, 2011; Facione, 1990; 

Greenlaw & DeLoach, 2003).  Behar-Horenstein and Niu (2011) also note that critical thinking 

skills include the ability to challenge one’s own thinking and change one’s beliefs in response to 

the evaluation of new arguments that challenge our current thinking.  Jarosewich et al. (2010) 

describe how such challenges to our thinking can be sparked by classroom discussions: “Some of 

the most gratifying moments that we as learners have in the classrooms are those times when a 

discussion prompts spirited and insightful exchanges that cause us to think and question our own 

beliefs” (p. 119).  Other sub-skills which are generally considered to be components of critical 

thinking include interpretation, analysis, and inference (Astleitner, 2002; Facione, 1990; 

Greenlaw & DeLoach, 2003).  In the present study, critical thinking is defined as “reflective 

thought that results in analyzing ideas, synthesizing concepts, evaluating arguments, making 

judgments, and/or drawing conclusions.” 

Critical Thinking in Asynchronous Threaded Discussions 

Asynchronous threaded discussions have the potential to foster a deep level of critical 

thinking for many reasons, including the unconstrained time allowed for participants to compose 

their posts.  This allows participants to be more thoughtful and deliberate in researching and 

composing their ideas and expressing their opinions, enabling participants to produce higher 

levels of critical thinking compared to the level of critical thinking achieved in face-to-face 

discourse (Guiller et al., 2008; Kanuka & Garrison, 2004). 

Asynchronous threaded discussions also promote critical thinking by encouraging 

dialogue and debate, also referred to as collaborative argumentation (G. Chen & Chiu, 2008; 

Gao, 2011; Gilbert & Dabbagh, 2005; Jeong, 2003).  In the context of the present study, 

collaborative argumentation is defined as collaborative debate among learners for the purpose of 
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developing and exercising critical thinking skills by presenting arguments, supporting arguments 

with evidence, evaluating arguments, considering alternatives, countering arguments, and 

synthesizing new knowledge gained through the debate.  In traditional classrooms, such dialogue 

and debate takes place in a face-to-face setting.  In fully online classes, the primary modality for 

dialogue and debate is the asynchronous threaded discussion forum (Arend, 2009). 

Arend (2009) found that the online courses which scored highest in use of critical 

thinking tended to have more controversial debates on the discussion board and that students 

viewed the discussions as a place where they were expected to challenge each other’s ideas and 

support their own viewpoints.  She also concluded that the time delay inherent in participating in 

asynchronous threaded discussions allowed students to reflect on course concepts more deeply, 

resulting in more critical and well thought out challenges to opposing claims.  G. Chen and Chiu 

(2008) studied the flow of online discussions to explore the relationships among posts and 

determine how certain posts affected later posts.  They concluded that online discussions are best 

suited to controversial topics and that a disagreement or challenge to an argument often yielded 

further disagreements or challenges.  They also found that posts containing critical thinking are 

more likely to elicit responses than posts without critical thinking.  DeLoach and Greenlaw 

(2005) discovered that the higher the level of critical thinking within a post, the higher the level 

of critical thinking will be in responses to that post, suggesting that critical thinking in a 

discussion may be self-perpetuating.  They refer to this as the “critical thinking spillover effect” 

(p. 162) and attribute it to the fact that “students learn by challenging each other to produce more 

coherent, lucid arguments, and provide evidence in support of their assertions” (p. 150). 

Jeong  has conducted numerous studies (Brooks & Jeong, 2006; Jeong 2001, 2003, 

2004a, 2004b, 2005a, 2005b, 2006a, 2006b, 2007; Jeong & Davidson-Shivers, 2006; Jeong & 
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Frazier, 2008; Jeong & Joung, 2007; Jeong & Lee, 2008; Jin & Jeong, 2013) aimed at identifying 

various factors that contribute to the level of critical thinking in asynchronous threaded 

discussion.  Among the factors he examined, Jeong (2006a) found that posts with conversational 

language were more likely to elicit a greater number of responses, contributing to a greater level 

of critical thinking; the day of posting of a message significantly affects the number of replies it 

receives, with messages posted earlier in the week receiving more replies and thus contributing 

to a greater level of critical thinking (Jeong & Frazier, 2008); and pre-structuring threads on the 

discussion board to keep all arguments in support of a position in one thread and all arguments 

opposing the position in a separate thread led to an increase in the number of challenges posted 

in reply to each argument, indicating a higher level of critical thinking (Brooks & Jeong, 2006). 

Results from Jeong’s (2001) research also indicated that titling posts may increase the 

depth of a discussion, potentially leading to higher levels of critical thinking.  Jeong (2001) 

found that untitled posts were less likely to elicit replies in asynchronous threaded discussions.  

For the untitled posts that did receive replies, the average number of replies was lower than the 

average number of replies to titled posts across all event categories.  Specifically, untitled posts 

received a response rate of only 23%, compared to the average response rate of 49% for all posts 

across all event categories.  Furthermore, untitled posts received an average of one reply each, 

compared to the overall average of 1.51 replies across all event categories.  In fact, the average 

number of replies to untitled posts was lower than the average number of replies in any other 

event category.  These findings suggest that post titles are important for eliciting replies and 

sustaining discussion.  Because sustained discussion is necessary to achieve higher levels of 

critical thinking, there is a need to further examine the use of post titles to determine if they 

support critical thinking in asynchronous threaded discussions. 
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Jeong (2001) also found that 21% of posts were titled with process comments, rather than 

with the main idea of the content of the post.  He defined process comments as “a statement 

addressing issues related to the discussion process rather than the discussion content" (2001, p. 

132).  Examples of process comments from Jeong’s study include “Here is my opinion” and 

“Here is an example for you to wrestle with” (2001, p. 133).  While process comments can help 

to identify the function or purpose of a post, they do not signal or alert participants to the main 

idea and content of the post.  By instructing participants in the experimental group of the present 

study to succinctly state the main idea of each post in the post’s title, the discussion forum index 

is expected to function as an advance organizer, signaling learners in advance to the content of 

each post.  Therefore, it is expected that the effects of titling all posts with main ideas, in the 

present study, would be even greater than the effects of titling posts that Jeong (2001) found in a 

similar study, given that a significant percentage (21%) of titled posts in his study reflected only 

the purpose of the post (i.e., process information) and not the content or main idea of the post. 

Challenges to Critical Thinking in Asynchronous Threaded Discussions 

Despite the potential benefits of using asynchronous threaded discussions to promote 

critical thinking, there are also challenges and factors that can inhibit critical thinking in 

asynchronous threaded discussions.  Challenges to achieving deeper levels of critical thinking in 

asynchronous threaded discussions include limited student participation in discussions, and 

cognitive overload caused by disorganized discussions (Hew & Cheung, 2012; Thomas, 2002; 

C.-Y. Chen et al., 2012).  Lack of participation contributes to a lack of meaningful connections 

among posts and a lack of adequate growth and development of threads needed to produce 

critical thinking (Dennen, 2005; Gao, 2011; Hewitt, 2003, 2005; Schellens & Valcke, 2005).  

Cognitive overload caused by a learner’s sense of disorientation in poorly organized discussions 
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contributes to difficulty sustaining discussions adequately to promote critical thinking (C.-Y. 

Chen et al., 2012). 

Limited student participation in asynchronous threaded discussions.  Empirical 

evidence indicates that engaging students in high quality interaction is a necessary prerequisite 

for engendering critical thinking and deep-level learning in the classroom (Schellens, van Keer, 

de Wever, & Valcke, 2009).  However, Thomas (2002) found that a significant number of posts 

on the discussion board are not even read by other participants in the discussion.  Although an 

analysis of individual posts revealed a high level of critical thinking within posts, Thomas 

speculated that the lack of an interactive dialogue among participants may have limited the depth 

of critical thinking that learners achieved, compared to what might have been achieved through 

meaningful, interactive dialogue with their peers. 

Hewitt (2003) studied the reading and posting behaviors of participants in asynchronous 

threaded discussions to identify behaviors that interfere with sustained discussion among 

participants.  He found that in 97.6% of sessions, students read posts before contributing one of 

their own.  However, 82% of the posts students read were new posts (marked with a ‘new’ or 

‘unread’ flag) and only 18% of the posts students read were posts which they had read in a 

previous session.  Hewitt found that students tended to respond to posts that were newer, rather 

than to older posts, and that approximately 80% of responses were aimed at posts less than 48 

hours old.  Overall, Hewitt found that participants tended to follow a pattern which he describes 

as a “’single-pass’ strategy” (2005, p. 575), in which they log into the discussion, read only the 

new posts in the discussion, and then respond to some of these newer posts, while largely 

ignoring posts they have already read on previous visits to the discussion (including posts they 

already responded to on previous visits to the discussion).  However, he notes that this strategy 
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can cause unintentional changes in topic and that “to make disciplined, on-topic progress, 

participants must maintain a sense of the entire thread and the goals of the discourse” (Hewitt, 

2005, p. 584).  Hewitt also observed unintentional thread abandonment once all participants have 

read all posts within a particular thread because once a thread was cleared of all ‘unread’ flags 

there was nothing (descriptive post titles included) to draw the participants’ attention back to that 

thread again. 

Hew and Cheung (2012) define limited student contribution to online discussions as 

“students making few or no postings, students exhibiting surface-level thinking, or students 

displaying low-level knowledge construction in online discussions” (p. 9).  After reviewing 110 

empirical studies for the purpose of identifying the factors leading to limited student 

contribution, one of the top ten factors they identified was “difficulty in keeping up with the 

discussion” (Hew & Cheung, 2012, p. 9). 

Cognitive overload in asynchronous threaded discussions.  C.-Y. Chen et al. (2012) 

found that cognitive overload caused by a learner’s sense of disorientation in poorly organized 

discussions contributed to difficulties in sustaining discussions adequately to promote critical 

thinking.  They investigated the effects of perceived information overload on participation and 

knowledge construction in an asynchronous threaded discussion and found that difficulties 

navigating the discussion, including the inherent fragmentation of information caused by the 

non-linear display of each post on a separate page, contributed to student’s perception of 

experiencing information overload when trying to follow the discussion.  They also found that 

participants experiencing high levels of information overload participated less than students 

experiencing no information overload.  Participation was measured by the average number of 
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messages posted by each participant and the average message length for participants in each 

condition. 

Hewitt (2003) suggests that the tendency to focus only on unread posts may be a strategy 

students use to cope with the sense of information overload commonly experienced in 

asynchronous threaded discussions, coupled with the fundamental memory and processing 

limitations of the human mind.  Furthermore, he suggests that unintentional thread abandonment 

and unintentional changes in topic may be caused by a limited recollection on the part of the 

student of the overall context within a discussion thread, and a failure to reorient themselves to 

the structure and context of the discussion on subsequent visits.  Hewitt further suggests that the 

greater span of time that elapses during an asynchronous discussion (usually days or weeks, as 

opposed to the minutes that a face-to-face conversation or classroom discussion may last) also 

contributes to the students’ failure to retain the context and previous details of the discussion.  

Hewitt suggested that a failure to re-read previous posts contributed to students’ failure to 

reorient themselves to the structure and context of the discussion on subsequent visits.  However, 

in the present study, I propose that if the main point of each post is summarized in the title, then 

students may be able to reorient themselves to the context of the discussion simply by viewing 

the discussion forum index, eliminating the need to re-read previously read posts and thereby 

reducing cognitive load. 

Wise, Marbouti, et al. (2012) also note that students face information overload due to the 

large volume of posts in the typical asynchronous threaded discussion.  They suggest that 

behaviors of skimming posts and reading threads selectively are strategies students use to help 

deal with the overload.  To reduce cognitive overload, Wise, Marbouti, et al. suggest instructors 

encourage “students to create concise posts that build on existing threads…as a way to support 
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students in reading a greater portion of the discussion and thus being better prepared to engage in 

a coherent discussion” (p. 476).  In the present study, participants were instructed to state one 

main idea in each post and restrict the length of each post to one well-developed paragraph.  The 

process of having to write a descriptive post title (given the limited number of characters allowed 

in a post title) was expected to promote more succinct and concise posts. 

Models for Assessing Critical Thinking in Asynchronous Threaded Discussions 

To assess the effects of an intervention on critical thinking on asynchronous threaded 

discussions, a taxonomy or model is needed for classifying and labeling posts, and a method is 

needed for analyzing them.  Accurately measuring the degree of critical thinking attained in a 

discussion can be challenging.  Numerous models have been developed for analyzing of critical 

thinking in asynchronous threaded discussions.  Weltzer-Ward (2011) conducted a 

comprehensive survey of the literature on asynchronous threaded discussions to identify all of 

the content analysis coding schemes that have been developed for analysis of asynchronous 

threaded discussions in online classrooms.  Out of 56 different coding schemes identified, three 

were found to be the most prevalent in studies that analyzed critical thinking in asynchronous 

threaded discussions: Gunawardena, Lowe, and Anderson’s (1997) Interaction Analysis Model, 

Fahy, Crawford, and Ally’s (2001) Transcript Analysis Tool, and Jeong’s (2005b) event 

categories and Discussion Analysis Tool.  In addition to the three models identified by Weltzer-

Ward, another coding scheme frequently used for analyzing critical thinking in asynchronous 

threaded discussions is Greenlaw-DeLoach’s (2003) Taxonomy of Critical Thinking.  What 

follows is a description of the key characteristics of each of these four models. 

Gunawardena, Lowe, & Anderson’s (1997) Interaction Analysis Model (IAM).  

Gunawardena et al.’s (1997) Interaction Analysis Model (IAM) is based on Henri’s (1992) 
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analytical framework, as well as the theory of social constructivism.  The IAM consists of five 

progressive phases that evaluate the level of knowledge construction in a post.  The five phases 

and corresponding definitions of the knowledge construction operations they comprise are listed 

in Table 2.1.  Although the IAM has been used in studies of critical thinking, the IAM actually 

focuses on measuring levels of knowledge construction, rather than levels of critical thinking 

(Marra, Moore, & Klimczak, 2004).  Gunawardena et al. did not report inter-rater reliability, but 

acknowledged that their choice to use whole posts as the unit of analysis was based partly on 

issues with reliability and validity in previous attempts to divide posts into smaller units for 

analysis (Gunawardena et al., 1997).  Gunawardena et al. (1997) used interaction analysis as the 

method of analysis and posts as the unit of analysis, because whole posts “embodied a 

participant’s cognitive activity and contribution to the construction of knowledge,” and allowed 

them to “describe the process by which arguments were advanced, building upon each other to 

support or refute propositions and negotiate meaning” (Gunawardena et al., 1997, p. 417).  Other 

researchers using this model have reported the following inter-rater reliability coefficients:  

 Cronbach α of 0.69 (De Wever, Schellens, Valcke, & van Keer, 2006; Schellens & 

Valcke, 2005). 

 Krippendorff’s α of .59 for the initial codes and .93 on the same sample after inter-

rater reliability discussions (Marra et al., 2004). 
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Table 2.1 
 

Phases in Gunawardena, Lowe & Anderson’s (1997) Interaction Analysis Model (IAM) 
 

 
Phase 

 

 
Operation 

 
1    Sharing / comparing of information 

 
Statement of observation or opinion; 
statement of agreement between participants 
 

 
2    Discovery and exploration of dissonance 

or inconsistency among participants  

 
Identifying areas of disagreement, asking and 
answering questions to clarify disagreement  
 

 
3    Negotiation of meaning/co-construction of 

knowledge  

 
Negotiating meaning of terms and negotiation 
of the relative weight to be used for various 
agreement  
 

 
4    Testing and modification of proposed 

synthesis or co-construction 

 
Testing the proposed new knowledge against 
existing cognitive schema, personal 
experience or other sources  
 

 
5    Agreement statement(s)/application of 

newly constructed meaning  

 
Summarizing agreement and metacognitive 
statements that show new knowledge 
construction  
 

 

Fahy, Crawford, & Ally’s (2001) Transcript Analysis Tool (TAT).  Fahy et al.’s 

(2001) Transcript Analysis Tool (TAT) is based on social network theory and evaluates network 

exchange patterns, as well as classifying each statement within the discussion according to its 

function.  The coding scheme of the TAT contains five primary categories, three of which are 

broken into two secondary categories each.  Table 2.2 lists the primary and secondary categories 

of the TAT.  The categories represent the function of each statement within the discussion.  Fahy 

et al. report a code-recode intra-rater reliability of 86% agreement; inter-rater reliability of 60-
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71% agreement; and a Cohen’s kappa inter-rater reliability coefficient of .45-.65.  They attribute 

the poor inter-rater reliability to the use of sentence-by-sentence analysis, rather than using a 

larger unit of analysis, such as whole posts. 

In addition to using interaction analysis as the method of analysis and sentences as the 

unit of analysis, Fahy et al. also examined the network connections (i.e., which members posted 

in reply to which other members) between all members of the discussion group.  With three 

members, the network connections would be as follows: Member 1 ↔ Member 2; Member 2 ↔ 

Member 3; Member 1 ↔ Member 3.  Although, Fahy was able to use network analysis to 

identify which participants engaged one another across the five categories of postings, the 

network analysis was not used to determine the relationships between the categories of postings 

to examine how the discussions evolve across post-response exchanges. 

 
Table 2.2 
 
Categories in Fahy, Crawford, & Ally’s (2001) Transcript Analysis Tool (TAT) 
 

 
Primary Categories 

 

 
Secondary Categories 

 
T1 – Questioning  

 
T1(a) – vertical 

T1(b) – horizontal 
 
T2 – Statements  

 
T2(a) – direct 
T2(b) – answers or comments 

 
T3 – Reflections  

 

 
T4 – Scaffolding  

 

 
T5 – References, authorities 

 
T5(a) – references, quotations, paraphrases 

T5(b) – citations or attributions 
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 Jeong’s (2005b) Event Categories and Discussion Analysis Tool (DAT).  Jeong’s 

event categories used to examine critical thinking processes are based on Toulmin’s (1958) 

model of argumentation.  Table 2.3 contains an example of a set of event categories from Jeong’s 

(2005b) study, listing the codes and a description of each code.  In this example, the codes for 

the event categories describing the function of each post are ARG, BUT, EXPL, and EVID.  The 

additional (optional) codes of + and – are tags which represent whether the student is assigned to 

the supporting or opposing team.  These additional tags can be prepended to the event category 

codes when labeling posts. 

Jeong (2005b) used the Discussion Analysis Tool (DAT) to apply sequential analysis 

(Bakeman & Gottman, 1997) and to identify sequential patterns between postings across the four 

categories of dialogue moves in Jeong’s event categories (see Table 2.3).  The Discussion 

Analysis Tool (DAT) section in Chapter 3 contains a detailed explanation of how the DAT 

analyzes sequences of posts in a discussion.  Although the DAT can also be used to sequentially 

analyze units of meaning within posts (Jeong, 2001), whole posts have been used as the unit of 

analysis with this model because students in these studies were instructed to tag their postings by 

category (Brooks & Jeong, 2006; Jeong 2004a, 2004b, 2005a, 2005b, 2006a, 2006b, 2007; Jeong 

& Davidson-Shivers, 2006; Jeong & Frazier, 2008; Jeong & Joung, 2007; Jeong & Lee, 2008; 

Jin & Jeong, 2013) and because it was found that the analysis of units of meaning within posts 

contributed minimal additional value to the analysis of interactions that support critical thinking 

(Jeong, 2001).  These findings are discussed in greater detail in the ‘Choice of Post as Unit of 

Analysis’ section in Chapter 3.  Jeong’s analysis model has the highest inter-rater reliability of 

the critical thinking models among the four coding schemes reviewed, with an 84.6% agreement 

and a Cohen’s kappa reliability coefficient of .77. 
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Table 2.3 
 
Event categories in Jeong’s (2005b) Discussion Analysis Tool (DAT) 

 

 
Code 

 

 
Description of Code 

 

 
+ 

 
Identifies a message posted by a student 
assigned to the team supporting the given 
claim/statement. 

 
– 

 
Identifies a message posted by a student 
assigned to the team opposing the given 
claim/statement. 

 
ARG 

 
Identifies a message that presents one and 
only one argument supporting your position. 

 
BUT 

 
Identifies a reply/message that questions or 
challenges the merits, logic, relevancy, 
validity, accuracy or plausibility of a 
presented argument (ARG) or challenge 
(BUT). 

 
EXPL 

 
Identifies a reply/message that provides 
additional support, explanation, clarification, 
elaboration of an argument or challenge. 

 
EVID 

 
Identifies a reply/message that provides proof 
or anecdotal evidence to establish the validity 
of an argument or challenge. 
 

 

Greenlaw-DeLoach’s (2003) Taxonomy of Critical Thinking.  Greenlaw and 

DeLoach’s (2003) Taxonomy of Critical Thinking outlines seven progressive levels of critical 

thinking attainment.  Table 2.4 lists each level in the taxonomy along with a definition of the 

student position(s) that serve as indicators for each level of critical thinking.  When using a 

holistic evaluation method (using each post as the unit of analysis) with this taxonomy, each post 

is scored at the highest level of critical thinking demonstrated in the post.  Greenlaw and 
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DeLoach hypothesized that if the asynchronous threaded discussion is successful in developing 

critical thinking skills, then successive posts in a discussion should, on average, score at higher 

levels of critical thinking.  In their study, students were awarded credit based on both the quality 

and quantity of posts.  Posts which demonstrated achievement of higher levels of critical 

thinking, in Greenlaw and DeLoach’s taxonomy, were awarded more points.  The findings in the 

study confirmed their hypothesis.  They reported correlation coefficients of .51, .64, .69, .70, and 

.71 in the five samples used in their study (DeLoach & Greenlaw, 2005).  The percentage of 

exact agreement between coders was not reported; however, they reported that 95% of all posts 

scored by the two coders were scored within one level of each other.  For example, if one coder 

assigned a critical thinking level of 3 to a post, then 95% of the time the other coder assigned a 

critical thinking level in the range of 2-4 for the same post (no more than one level lower or 

higher than the score given by the first coder). 

 
Table 2.4 
 
Greenlaw-DeLoach’s (2003) Taxonomy of Critical Thinking 

 

 
Level 

 

 
Student Position 

 
LEVEL 0 

 
• Off-the-subject, or otherwise unscorable 
 

 
LEVEL 1 

 

Unilateral Descriptions 

 
They paraphrase information, they repeat and restate the 
question 
• Defining terms 
• Simply repeat information 
• Simple “good” or “bad” statements 
• Adds little or nothing new to the issue or question 
 

Table Notes: 
aFor a posting to have achieved a given level, it is not necessary for all of the characteristics of 
that level to be satisfied; indeed, in general, this is not the case.  
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Table 2.4 – continued 
 

 
Level 

 

 
Student Position 

 

 
LEVEL 2 

 
Simplistic Alternatives 

 / Argument 

 

 
They take a side, they do not explore other alternatives, they 
make unsupported assertions, they make simplistic arguments 
• An assertion, without evidence, often in the form of a 

question which modestly advances thinking; often 
synonymous with getting the discussion back on track 

• Challenge an assertion, but without evidence 
• Facts (beyond defining terms) relevant to the discussion, 

but no argument, per se 
• Simple explanations, e.g. giving an example 
• Cites simple rules, “laws” as proof 
• Do not address conflicts with opposing views or does not 

explore them 
 

LEVEL 3 
 
Basic Analysis 

There is a serious attempt made to analyze an argument or 
competing arguments and evaluate it/them with evidence 
• Appeal to a recognized (appropriate) authority 
• Casual observation, anecdotal, datum (vs data) 
• Assertions with explicit evidence offered; or a reasoned 

challenge of another’s assertion, but without a clear logical 
framework 

• A singular, Socratic-style question 
• Often lists numerous factors as evidence, but does not 

integrate them within a logical framework 
• No clear conclusion or choice between alternatives is made; 

e.g. when pressed for the “best” explanation, they respond 
that both are equally valid 

 
LEVEL 4 
 

Theoretical Inference 

 
They employ the use of theory to make a cohesive argument 
• Logical statements based on the discipline’s accepted 

model/school(s) of thought 
• Identify assumptions 
• Challenges a key assumption of another’s theory 
• A series of logical, Socratic-style questions 
 

Table Notes: 
aFor a posting to have achieved a given level, it is not necessary for all of the characteristics of 
that level to be satisfied; indeed, in general, this is not the case.  
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Table 2.4 – continued 
 

 
Level 

 

 
Student Position 

 

 
LEVEL 5  
 

Empirical Inference 

 
Add to the level of sophistication by 
introducing empirical evidence to strengthen 
their theoretical argument 
• Looking to appropriate, historical data to 

“test” the validity of an argument 
• Use of data to reach a clear conclusion, or 

to choose between alternative theories 
• Requires at least an implicit logical 

framework 
• Challenges the validity of another’s 

empirical measure/evidence 
 

 
LEVEL 6 

 
Merging Values with Analysis 
 

 
They are able to move beyond objective 
analysis to incorporate subjective interests 
• They may argue that while there is 

(positive) evidence to validate the use of a 
particular policy, there are other 
(normative) consequences that must be 
considered 

• They may select a particular policy on 
some normative basis, from several which 
have positive evidence to support them. 

 

Table Notes: 
aFor a posting to have achieved a given level, it is not necessary for all of the characteristics of 
that level to be satisfied; indeed, in general, this is not the case.  
 

Effects of Classifying and Labeling Posts in Asynchronous Threaded Discussions 

All participants in the present study were required to reflect on the main idea of their post 

and ensure that it falls into one of the given categories in the model developed for this study (i.e., 

argument, challenge, explanation, evidence, or evaluation).  These categories were adapted from 

Jeong’s (2003) event categories model for analyzing critical thinking.  In addition, participants in 

the experimental group were required to reflect on the main idea of each post and concisely 
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summarize the main idea in the form of a descriptive title.  This section examines previous 

research on the effects that such classifying and labeling of posts has on critical thinking. 

In addition to using models to analyze the content and function of posts and the dialogic 

interactions between posts for evidence of critical thinking, studies have examined how the act 

itself of classifying and labeling posts affects the level of critical thinking exhibited in online 

discussions (Cho & Jonassen, 2002; Schellens et al., 2009; Jeong & Joung, 2007).  Schemes for 

classifying and labeling posts impose constraints on the types of posts participants can contribute 

to the discussion (Cho & Jonassen, 2002; Schellens et al., 2009; Jeong & Joung, 2007).  

Constraining the types of posts allowed serves to scaffold the argumentation process by requiring 

learners to predetermine the nature of their posts in argumentative terms before posting them 

(Cho & Jonassen, 2002; Schellens et al., 2009; Jeong & Joung, 2007).  

Overall, studies on the effects of requiring students to classify and label their posts have 

been mixed.  Cho and Jonassen (2002) determined that constraint-based argumentation scaffolds 

increased the number of claims and grounds (evidence) in the discussion; claims and grounds are 

two of the most important types of dialogue moves in argumentation.  However, Jeong and 

Joung (2007) found that students required to classify and label posts within a set of constraints 

posted fewer challenges to other students’ posts and were less likely to respond to challenges to 

their own posts.  They suggested that the ‘critique’ label in their classification scheme may have 

carried negative connotations that dissuaded participants from posting under a label they 

perceived to be overly confrontational. 

Schellens, van Keer, de Wever, and Valcke (2009) examined the effects of requiring 

students to tag their posts according to the ‘thinking hat’ they were ‘wearing’ in each post, where 

each ‘thinking hat’ corresponded to one of de Bono’s (1985) ‘six thinking hats’.  Each hat in 



51 

Schellen’s model was redefined to correspond with one of Garrison’s (1991) five stages of 

critical thinking – problem identification, problem definition, exploration, applicability, and 

integration – along with a sixth red hat designated to represent an opinion or intuition.  Students 

were encouraged to reflect on the type of thinking reflected in each of their posts and how each 

post contributes to the discussion, and to use different types of thinking in different posts.  

Schellens et al. found that students who tagged their posts according to ‘thinking hat’ achieved a 

significantly higher level of critical thinking than those who did not.  They also found that 

students required to tag their posts were more likely to contribute new ideas to the discussion, 

whereas students not required to tag their posts were more likely to restate ideas that had already 

been discussed. 

Summary of Critical Thinking Models 

Table 2.5 summarizes the key characteristics of each critical thinking model reviewed 

and the reliability reported for each model.  If the creators of the model did not report reliability, 

reliability ratings reported by other researchers that have used the model are listed.  Each of the 

critical thinking models examined in this section provide frameworks that can be used to assess 

critical thinking in asynchronous threaded discussions.  Jeong’s (2005) event categories and 

DAT is used in the present study because of its high inter-rater reliability, DAT’s suitability for 

analyzing student exchanges and their interactions with one another, and DAT’s flexibility in 

tailoring the specific events and interactions of interest in the present study.  This study focuses 

on the dialogic interactions within a group, including interactions shown in previous studies to be 

reliable indicators of critical thinking (i.e., challenges posted in response to arguments, 

explanations posted in response to arguments, and challenges posted in response to challenges), 

making Jeong’s model a suitable choice for data coding and analysis.  Mean response scores are 
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calculated to identify the frequencies with which certain categories of posts are able to elicit 

responses from other specific categories of posts.  Differences in mean response scores are 

further explored by examining transitional probabilities, which reveal sequential patterns in the 

post-response exchanges, by indicating, for example, what percentage of responses to challenges 

are counter-challenges versus evidence versus explanations.  The post-response pairs which are 

found to occur with a higher or lower than expected frequency are then explored further with t-

tests to compare the mean number of target responses of one specific type to given posts of 

another specific type between groups. 

 
Table 2.5 
 
Summary of critical thinking models reviewed, characteristics, and limitations 

 

 
Study 

 

 
Model 

 
Characteristics 

 
Reliability 

 
Fahy, 
Crawford, & 
Ally (2001) 

 
Transcript 
Analysis Tool 
(TAT) 

 

 based on social network 
theory 

 focuses on network 
exchange patterns 
adapted from Zhu’s 
(1996) analytic model 

 

 code-recode intra-rater 
reliability of 86% 
agreement 

 inter-rater reliability 
of 60-71% agreement 

 Cohen’s kappa inter-
rater reliability 
coefficient of 0.45-
0.65 
 

Greenlaw & 
DeLoach 
(2003); 
DeLoach & 
Greenlaw, 
(2005) 

Greenlaw-
DeLoach’s 
Taxonomy of 
Critical Thinking 

 focuses on evaluating 
how students argue 

 7 progressive levels of 
critical thinking  

 classifies each post by 
the highest level of 
critical thinking attained 
in post (holistic 
evaluation) 
 

 Correlation coefficient 
of 0.51-0.71  

 95% of total posts 
were scored within 
one level of each other 

 percentage of exact 
agreement between 
coders not reported 
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Table 2.5 – continued 
 

 
Study 

 

 
Model 

 
Characteristics 

 
Reliability 

 
Gunawardena, 
Lowe & 
Anderson 
(1997) 

 
Interaction 
Analysis Model 
(IAM) 

 

 based on theory of social 
constructivism 

 focuses on knowledge 
construction rather than 
critical thinking 

 levels of knowledge 
construction are 
progressive 
based on Henri’s (1992) 
analytical framework 

 

 reliability not reported 
by Gunawardena et al. 

 Cronbach α of 0.69 

(De Wever et al., 
2006; Schellens & 
Valcke, 2005) 

 Krippendorff’s alpha 
of .59 for the initial 
codes and .93 after 
inter-rater reliability 
discussions (Marra et 
al., 2004) 

 
Jeong (2005b)  

 
Event Categories  
& Discussion 
Analysis Tool 
(DAT)  

 

 sequential analysis based 
on technique of Bakeman 
& Gottman (1997) 

 event categories based on 
Toulmin’s (1958) model 
of argumentation 

 flexible (i.e., event 
categories can be 
redefined and tailored to 
needs of a study) 
 

 

 inter-rater reliability 
of 84.6% agreement 
Cohen’s kappa inter-
rater reliability 
coefficient of 0.77 

 
 

Measuring Cognitive Load 

Having identified the framework that will be used in the present study for assessing 

interactions that promote critical thinking, this following section discusses the advantages and 

disadvantages of various approaches and instruments used to measure cognitive load, and their 

relative advantages and disadvantages. 
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Cognitive Load Defined 

 Cognitive load is a theoretical construct that represents the mental load, or mental burden, 

that performing a particular instructional activity imposes on a learner’s cognitive system (Paas 

et al., 2008).  Cognitive load can also be described as the mental burden imposed by new 

information that must be held in working memory plus the burden imposed by processing that 

information to integrate it into existing cognitive structures in long-term memory (Clark & 

Mayer, 2011).  Given the limited capacity of working memory, the goal of cognitive load theory 

is to design instruction that directs scarce working memory resources to the essential aspects of 

learning and reduces the mental burden imposed by the design of the instruction itself (Sweller et 

al., 2011).  The goal of measuring cognitive load is to compare the effects of an instructional 

intervention on learners’ mental load experienced during a course of instruction in order to 

determine if the instructional intervention is effective at reducing cognitive load for learners. 

Overview of Approaches to Measuring Cognitive Load 

Methods of measuring cognitive load can be classified into four main categories, along 

two dimensions – objectivity and directness.  The first dimension is that of objectivity, 

specifically whether the measurement instrument provides an objective or subjective measure of 

cognitive load.  The second dimension is that of the causal relationship between the attribute 

being measured and cognitive load, specifically whether the measurement instrument provides a 

direct or indirect measurement of cognitive load.  An example of a direct measurement of 

cognitive load would be a self-report on the difficulty of the learning materials, since this 

difficulty is only accounted for by the direct result of the intrinsic cognitive load and extraneous 

cognitive load of the learning materials.  By contrast, an example of an indirect measurement of 

cognitive load would be a self-report of invested mental effort.  Only an indirect link exists 
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between invested mental effort and cognitive load since required mental effort on the part of a 

learner may vary according to other potentially confounding factors such as the learner’s pre-

existing knowledge of the subject matter, the learner’s level of fatigue, or the learner having 

other things on their mind that is making it difficult to concentrate on learning.  Thus, by 

combining the dimensions of objectivity and causal relationship, methods of measuring cognitive 

load can be classified as subjective indirect, objective indirect, subjective direct, and objective 

direct (Brünken, Plass, & Leutner, 2003).  Table 2.6 lists methods for measuring cognitive load 

in each of these categories. 

 
Table 2.6 
 
Classification of methods for measuring cognitive load based on objectivity and causal 

relationship, reproduced from Brünken, Plass, & Leutner (2003) 

 

  

Causal Relationship 

 

Objectivity 

 

 
Indirect 

 

 
Direct 

 
Subjective 

 
Self-reported invested mental  
    effort 
 

 
Self-reported stress level 
Self-reported difficulty of materials 
 

Objective Physiological measures 
Behavioral measures 
Learning outcome measures 
 

Brain activity measures (e.g., fMRI) 
Dual-task performance 

 

Subjective Indirect Measures of Cognitive Load 

Self-reported invested mental effort.  Cognitive load is typically measured through self-

report of learner estimates of the difficulty of the task and the mental effort required to perform the 

task.  Although such estimates of mental load are subjective, studies have been conducted which 

compare self-ratings on measures of mental load with physiological measures of mental load and the 
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results indicate that self-ratings are an effective and practical way to measure mental load (Bradford, 

2011; Brünken et al., 2003; Chang & Yang, 2010; Clark, Nguyen, & Sweller, 2006; Paas, 

Tuovinen, Tabbers, & Van Gerven, 2003). 

Rubio, Díaz, Martín, and Puente (2004) compared three subjective workload assessment 

instruments for measuring cognitive load: the Subjective Workload Assessment Technique 

(SWAT), the NASA Task Load Index (NASA-TLX), and the Workload Profile (WP).  The 

Workload Profile (WP) was the most sensitive in detecting differences in levels of cognitive load 

between tasks, although subjects reported some difficulty comprehending some of the 

dimensions of the Workload Profile (WP).  In addition to these three instruments, another self-

rating instrument is Paas’ (1992) mental effort survey, which uses a 9-point Likert scale with 

labels assigned to each category ranging from very, very low mental effort (1) to very, very high 

mental effort (9).  The reliability of this scale was estimated by Paas with Cronbach’s coefficient 

alpha and found to have a coefficient of reliability (α) of 0.90. The present study uses a Mental 

Effort Survey (Appendix H) adapted from the instrument developed by Paas, with self-ratings on 

several questions using a 9-point Likert scale. This instrument was chosen due to its high 

coefficient of reliability. 

Objective Indirect Measures of Cognitive Load 

Heat flux / thermal flux.  Heat flux (also called thermal flux), measured in joules, is a 

measurement of the rate of heat energy transfer through a given surface.  In particular, when used 

as a measurement of cognitive load, it refers to the amount of heat dissipating from the body of 

the subject.  In a study conducted by Haapalainen, Kim, Forlizzi, and Dey (2010), a BodyMedia 

SenseWear armband was used to measure heat flux and galvanic skin response.  The 

physiological measures they collected on their subjects, using various biometrics devices, 

included heat flux, galvanic skin response, electrocardiogram (ECG), pupil dilation, heart rate, 
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and electroencephalogram (EEG).  Haapalainen et al. found heat flux to be the single most 

reliable predictor of cognitive load, with a classification accuracy of 76.1%.  The present study 

also uses the BodyMedia SenseWear armband to measure heat flux.  This instrument was chosen 

due to its high rate of accuracy in distinguishing levels of cognitive load (Haapalainen et al., 

2010). 

Galvanic skin response (GSR).  Galvanic skin response (GSR), also known as skin 

conductance or electrodermal response, is a method of measuring the electrical conductance of 

the skin, which researchers have successfully used as a physiological measure of cognitive load 

and of emotional response.  Skin conductivity varies in relation to the skin’s moisture level from 

sweating.  Sweat gland activity increases with increased arousal of the sympathetic nervous 

system, so galvanic skin response provides a measurable indication of physiological or 

psychological arousal (Nourbakhsh et al., 2012). 

Although galvanic skin response has been found to increase significantly with 

corresponding increases in task cognitive load level (Shi et al., 2007; Conway et al., 2013), 

Nourbakhsh, Wang, Chen, and Calvo (2012) report that many of the studies did not find a strong 

relationship between galvanic skin response and mental effort.  To address this gap in the 

research, Nourbakhsh et al. conducted a study involving two experiments, one which required 

the subject to complete several text reading tasks and another which required the subject to 

perform several arithmetic tasks, at various levels of difficulty that impose different levels of 

cognitive load on the learner.  The researchers found that the raw galvanic skin response values 

obtained in the experiments varied so significantly from one subject to another that no significant 

results could be obtained from the raw data.  They hypothesized that the application of a 

normalization to the data to scale the results of all subjects to the same range would remove the 
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subject-dependency of the galvanic skin response data and result in significant findings.  As 

hypothesized, after normalization of the data, the researchers found a strong correlation between 

the measured features of galvanic skin response and each level of cognitive load presented to the 

learners in the experiments. 

The present study uses the BodyMedia SenseWear armband to measure galvanic skin 

response.  The BodyMedia SenseWear instrument was chosen for measuring GSR due to its high 

rate of accuracy in distinguishing levels of cognitive load in previous studies (Haapalainen et al., 

2010).  Based on the findings of Nourbakhsh et al. (2012), normalization is applied to the data in 

the present study to increase the likelihood that it will accurately distinguish between levels of 

cognitive load. 

Surface electromyography (SEMG).  SEMG is a non-invasive technique for measuring 

and recording the electrical activity on the surface of a muscle produced during cycles of 

contraction and relaxation of that muscle.  SEMG readings are generally measured in microvolts 

(μV).  It is generally accepted that the electromyography reading of a muscle at rest should be 

below 5μV.  However, SEMG measures can vary significantly between subjects due to factors 

such as age and skin type, and can vary with the same subject from day to day or due to slight 

variations in the placement of the electrodes on the subject.  Therefore, to obtain meaningful 

results from SEMG measurements, it is necessary to normalize the data and compare it to a 

reference.  One common method of normalizing the data is called Maximum Voluntary 

Contraction normalization, or MVC-normalization.  MVC is obtained by recording several 

voluntary contractions of the muscle with the electrodes attached (at least three repetitions are 

required) and averaging the maximum value of each repetition to determine the MVC.  The 
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SEMG measurements obtained in the experiment are then compared to MVC and rescaled to % 

of MVC. 

Leyman, Mirka, Kaber, and Sommerich (2004) measured cognitive load using (a) SEMG, 

(b) dual-task performance on a typing task, (c) the Modified Cooper-Harper Scale (MCH) to 

measure self-reported ratings of mental effort, and (d) self-reported rating of perceived stress.  

They found a significant positive correlation between SEMG and cognitive load measures.  The 

task causing the highest level of perceived workload produced 61% higher muscle activity in the 

trapezius muscle. Surface electromyography is measured in the present study using Biograph 

Infiniti electrodes.  Surface electromyography was chosen as a metric for measuring cognitive 

load due to its high rate of accuracy in distinguishing levels of cognitive load in previous studies 

(Leyman et al., 2004). 

Other objective direct measures of cognitive load.  Other biometrics used to measure 

cognitive load include various measures of eye activity, as well as measures of brain activity.  

Learning outcomes are also sometimes used as an objective direct measure of cognitive load. 

Specific measures of eye activity that have been used to measure levels of cognitive load 

in task performance include pupil diameter, blink rate, divergence, and fixation duration 

(Haapalainen et al., 2010; Iqbal, Zheng, & Bailey, 2004; Kim, Hong, Li, Forlizzi, & Dey, 2011; 

Peavler, 1974; Sibley, Coyne, & Baldwin, 2011).  Pupil dilation, in particular, has been effective 

in measuring when new knowledge has been transferred from working memory into long-term 

memory by registering the corresponding reduction in cognitive load at the time of transfer 

(Sibley et al., 2011). 

Electroencephalography (EEG) is another biometric that has been used to assess 

cognitive load by measuring electrical activity in the brain.  Two types of brain wave rhythms 
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have been found to vary predictably in response to changes in cognitive load: alpha waves and 

theta waves (Antonenko, Paas, Grabner, & van Gog, 2010).  However, Veigel and Sterman 

(1993) found that while EEG was able to distinguish between levels of cognitive load in low 

performers, it was not able to distinguish between levels of cognitive load in high performers. 

Finally, learning outcomes are sometimes used as an indirect measure of cognitive load, 

based on the assumption that an increase in performance is attributable to a decrease in cognitive 

load.  The most common way of measuring learning outcomes is through knowledge and/or skill 

acquisition tests, usually given as posttests at the conclusion of training.  When using learning 

outcomes as a measure of cognitive load, researchers need to control for other potentially 

confounding factors, such as motivational and attentional processes, prior knowledge and skills, 

and learners’ individual traits (Brünken et al., 2003). 

Subjective Direct Measures of Cognitive Load 

 Surveys of perceived stress.  In previous research, surveys of perceived stress have been 

used as a subjective direct measure of cognitive load.  Leyman et al. (2004) used a self-reported 

rating of perceived stress to measure cognitive load along with three other measures of cognitive 

load: SEMG; dual-task performance on a typing task; and the Modified Cooper-Harper Scale 

(MCH), which is a self-reported rating instrument for measuring stress and cognitive workload.  

Significant relationships were found between all pairs of measures compared, indicating that the 

self-reported survey of perceived stress was an accurate measure of cognitive load. 

 Surveys of perceived difficulty of materials.  Other researchers have used surveys of 

self-reported perceived difficulty of materials as a subjective direct measure of cognitive load.  

Kalyuga, Chandler, and Sweller (1999) administered a survey asking participants to rate how 

easy or difficult they thought the task instructions were to understand, and then combined scores 



61 

from the survey of self-reported perceived difficulty of materials (assumed to be a measure of 

cognitive load) with performance scores for each participant, using an established procedure for 

calculating the instructional effectiveness of the interventions tested in the study (Paas & van 

Merrienboer, 1993, 1994).  However, other researchers have questioned whether the results of 

self-reported surveys of perceived difficulty of materials could be attributed to other factors such 

as “task difficulty, individual competency levels of the learners, or different attentional 

processes” (Brünken et al., 2003). 

Objective Direct Measures of Cognitive Load 

 Functional magnetic resonance imaging (fMRI).  FMRI is a neuroimaging technique 

that can be used to visualize brain activation during the execution of cognitive tasks (Brünken et 

al., 2003).  FMRI is based on the principle that active areas of the brain consume more oxygen 

than inactive areas, leaving behind a tiny magnetic signature detectable by fMRI (Whelan, 2007).  

However, the technical complexity, expense, and practical limitations of use of an fMRI machine 

generally render its use in the study of complex learning systems infeasible to most researchers 

(Brünken et al., 2003). 

 Dual task approach.  Finally, the dual task method of measuring cognitive load involves 

asking subjects to perform a simple secondary and unrelated task in addition to the primary 

learning task.  When performing a secondary task, reaction time is measured, for example, by 

asking the learner to remain alert for the random appearance of a pop-up window which they 

must then click on as fast as possible before continuing with the primary task of instruction.  

Because the secondary task is not in any way related or relevant to the primary task, the speed of 

the learner’s reaction on the secondary task is a measure of the amount of cognitive load they 

were experiencing at that moment from the primary learning task (Brünken et al., 2003).  
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Brünken, Steinbacher, Plass, and Leutner (2002) found the dual task method accurate in 

distinguishing between low and high levels of cognitive load.  However, it has also been noted 

that the secondary task may affect the learning outcomes of the primary task (Brünken et al., 

2003). 

Summary of Cognitive Load Studies 

Table 2.7 summarizes key findings and limitations of cognitive load studies reviewed for 

this literature review, particularly in regard to the reliability and effectiveness of each instrument.   

 
Table 2.7 
 
Summary of cognitive load studies reviewed, measurement methods used, key findings, and 

limitations  
 

 
Study 

 

 
Measurement 

Method(s) 
 

 
Key Findings 

 
Limitations 

 
Antonenko & 
Niederhauser 
(2010) 

 
electroencephalography 
*self-reported rating of  
   invested mental effort 

 
cognitive load was 
lower in group using 
text signals, as measured 
by EEG 
 

 
discrepancy between 
EEG and results of self-
reported ratings of 
invested mental effort 

Bradford 
(2011) 

*self-reported rating of  
   invested mental effort  

approximately 25% of 
the variance in student 
satisfaction (component 
of motivation) with 
learning online can be 
explained by cognitive 
load 

low to moderately 
acceptable reliability 
coefficient of α = .49 
indicates items within 
the cognitive load 
subscale require 
improvement 

    

* Methods used in the present study are preceded with an asterisk. 
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Table 2.7 - continued  
 

 
Study 

 

 
Measurement 

Method(s) 
 

 
Key Findings 

 
Limitations 

 
Brünken, 
Steinbacher, 
Plass, & 
Leutner 
(2002) 

 
dual task performance 

 
reaction times in 
secondary task 
increased, as expected, 
with a higher cognitive 
load primary task 

 
addition of secondary 
task may affect learning 
outcomes in primary 
task; need to control for 
differences in baseline 
reaction times between 
subjects; secondary task 
only designed to detect 
differences in visual 
cognitive load and not 
auditory cognitive load 

    
Chang & 
Yang (2010) 

*self-reported rating of  
   invested mental effort 
learning outcomes  
   (concept attainment) 

cognitive load rating 
scale accurately 
distinguished between 
low, medium, and high 
cognitive load groups; 
concept attainment 
increased as cognitive 
load decreased. 

the three treatment 
groups were not equal in 
size, reducing the power 
of the analysis 

 
F. Chen et al. 
(2012) 

 
behavioral measures  
   (speech features and  
   pen input features) 
*galvanic skin response 
*self-reported rating of  
   invested mental effort 

 
classification accuracy 
of galvanic skin 
response of 64.4% 
across 3 cognitive load 
levels; classification 
accuracy of 77.8% when 
GSR combined with 
behavioral measures 

 
cognitive load 
classifications were 
determined at end of 
each task; further 
research needed to 
determine shortest 
period from which 
cognitive load may be 
reliably estimated for 
each modality 

    

* Methods used in the present study are preceded with an asterisk. 
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Table 2.7 - continued  
 

 
Study 

 

 
Measurement 

Method(s) 
 

 
Key Findings 

 
Limitations 

 
Haapalainen, 
Kim, Forlizzi, 
& Dey (2010) 

 
*heat flux 
electrocardiography 
electroencephalography 
heart rate 
pupil dilation 
*galvanic skin response 

 
heat flux was the best 
predictor of cognitive 
load; electrocardiogram 
was the second best 
predictor of cognitive 
load 

 
pupil dilation data could 
not be collected on some 
subjects due to inability 
of eye tracker to be 
calibrated with some 
participants eyes 
 

Iqbal, Zheng, 
& Bailey 
(2004) 

pupil dilation 
task completion time 
*self-reported rating of  
   invested mental effort 

changes in pupil size 
correlated with 
variations in mental 
workload, when viewed 
at a granular level, and 
also correlated with the 
onset and completion of 
tasks 

meaningful results only 
emerged from the data 
when changes in pupil 
size were correlated 
with sub-tasks of a 
hierarchical task, but not 
when averaged over the 
entire task 
 

Kim, Hong, 
Li, Forlizzi, & 
Dey (2011) 

NASA Task Load 
Index  
   (NASA-TLX) 
pupil dilation 
blink rate 
*galvanic skin response 
*heat flux 
heart rate 
heart rate variability 
inter-beat (RR) interval 
electrocardiography 
electroencephalography 
task performance 
 

psycho-physiological 
assessment (aggregate 
of all measurements) 
predicted task workload 
with high accuracy 
across all treatment 
groups; heat flux and 
galvanic skin response 
were highly accurate 
metrics in all treatment 
groups 

driving simulator was 
used instead of a real 
driving environment; 
differences in younger 
drivers’ lower cognitive 
load and higher task 
performance may be 
partially due to their 
greater experience with 
video games in 
comparison to the group 
of elderly drivers 

Leyman, 
Mirka, Kaber, 
& Sommerich 
(2004) 

Modified Cooper- 
   Harper Scale (MCH) 
dual task performance 
*electromyography 
self-reported rating of  
   perceived stress 

primary task causing 
highest level of 
perceived workload 
produced 61% higher 
muscle activity 

primary cognitive tasks 
were relatively simple 
and of short duration; 
may not generalize to 
more complex tasks of 
longer duration 

    

* Methods used in the present study are preceded with an asterisk. 
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Table 2.7 - continued  
 

 
Study 

 

 
Measurement 

Method(s) 
 

 
Key Findings 

 
Limitations 

 
Nourbakhsh, 
Wang, Chen, 
& Calvo 
(2012) 

 
*galvanic skin response 

 
normalized galvanic 
skin response data was 
highly effective in 
distinguishing between 
task difficulty levels 

 
galvanic skin response 
produced significant 
results only after the 
data was normalized to 
remove variations 
between subjects 
 

Paas (1992) *self-reported rating of  
   invested mental effort 

cognitive load rating 
instrument had excellent 
reliability  with 
Cronbach’s coefficient 
of α = .90 

none reported 

 
Peavler 
(1974) 

 
pupil dilation 

 
pupil dilation leveled 
when impending 
cognitive overload was 
perceived; no indication 
of pupil dilation from 
anxiety over task 
performance 

 
a possible motivational 
decrease in the more 
difficult trials could 
have been confounding 
factor in leveling, since 
subjects were instructed 
that some trials would 
be “almost impossible,” 
which may have 
devalued performance 
on more difficult trials 
 

Rubio, Díaz, 
Martin, & 
Puente (2004) 

Subjective Workload  
   Assessment  
   Technique (SWAT) 
NASA Task Load 
Index  
   (NASA-TLX) 
Workload Profile (WP) 

Workload Profile (WP) 
was the most sensitive 
in detecting differences 
in levels of cognitive 
load between tasks 

subjects reported some 
difficulty 
comprehending some of 
the dimensions of the 
Workload Profile (WP) 

    

* Methods used in the present study are preceded with an asterisk. 
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Table 2.7 - continued  
 

 
Study 

 

 
Measurement 

Method(s) 
 

 
Key Findings 

 
Limitations 

 
Shi, Ruiz, 
Taib, Choi, & 
Chen (2007) 

 
*galvanic skin response 

 
mean GSR across users 
increased as cognitive 
load increased 

 
small sample size 
(N=11) and only 5 
subject’s data had been 
analyzed when paper 
was presented) 
 

Sibley, 
Coyne, & 
Baldwin 
(2011) 

pupil dilation pupil size peaked at 
beginning of each block 
of training and 
decreased as individual 
learned the task 

small sample size 
(N=10) 

 
Wiebe, 
Roberts, & 
Behrend 
(2010) 

 
weighted version of  
   NASA Task Load  
   Index (NASA-TLX) 
unweighted version of  
   NASA Task Load  
   Index (NASA-TLX) 
Paas’ Subjective  
   Cognitive Load 
(SCL) 
 

 
all three measures were 
relatively sensitive to 
changes in cognitive 
load, but the SCL was 
the most sensitive of the 
three 

 
subjects were students 
enrolled in an 
engineering course; 
results may not 
generalize to other 
subject areas 

* Methods used in the present study are preceded with an asterisk. 
 

Based on this review of cognitive load studies, the following combination of subjective 

and objective measures of cognitive load were selected for the present study: self-reported 

invested mental effort, heat flux, galvanic skin response, and electromyography.  Self-reported 

invested mental effort will be measured with a Mental Effort Survey (Appendix H) adapted from 

a similar instrument created by Paas (1992).  This instrument was chosen for its reliability 

(Cronbach’s α of .90).  Heat flux, galvanic skin response, and electromyography were chosen 

because of their demonstrated effectiveness in measuring cognitive load (F. Chen et al., 2012; 
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Haapalainen et al., 2010; Kim et al., 2011; Leyman et al., 2004; Nourbakhsh et al., 2012; Shi et 

al., 2007). 

Advance Organizers 

An advance organizer is an outline or summary of information provided to learners in 

advance of a lesson to activate their prior knowledge about a given topic, and to provide a 

familiar context with which to process new knowledge (Ausubel, 1963a).  Advance organizers 

can take many forms, including outlines, matrices, and graphic organizers such as concept maps 

(Alvermann, 1981; Morozov, 2009; Robinson & Kiewra, 1995).  Advance organizers are an 

application of assimilation theory, which hypothesizes that learning is the process of actively 

integrating new information with preexisting knowledge (Ausubel, 1968; Mayer, 1979a, 1979b).  

By activating the learner’s existing knowledge on a given topic, advance organizers function as a 

scaffolding tool that helps bridge connections between the new information being taught and 

knowledge which already exists in the learner’s cognitive architecture (Ausubel, 1970).  By 

scaffolding new information onto familiar, preexisting knowledge in the appropriate area of the 

learner’s existing cognitive structure, the new information is more easily assimilated and retained 

(Ausubel, 1963a).  

Effects of Advance Organizers on Learning Outcomes 

Studies have not only confirmed the beneficial effects of advance organizers on learning 

outcomes, but have identified certain characteristics and certain types of advance organizers as 

being more effective than others.  For example, Gurlitt, Dummel, Schuster, and Nückles (2012) 

compared a well-structured advance organizer, a well-structured and key-concept emphasizing 

advance organizer, and a less structured advance organizer.  Their results indicated that both 

“well-structured” and “well-structured and key-concept emphasizing” advance organizers 
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improved learning outcomes more than less-structured advance organizers.  Specifically, while 

the well-structured advance organizer improved learner performance only in near transfer tasks, 

the well-structured and key-concept emphasizing advance organizer improved learner 

performance on both near and far transfer tasks. 

Kiewra and Mayer (1997) examined the effects of conventional, linear, and matrix 

advance organizers on test performance.  Conventional organizers contained only main topics, 

while linear and matrix organizers included subtopic information.  They found that while 

conventional organizers had the greatest effect on improving general recall, both linear and 

matrix organizers had a greater effect on improving recall of subtopic information.  Contrary to 

their hypothesis, they did not notice any advantage of matrix organizers over linear organizers.  

As a result, they concluded that more sensitive tests may be needed to detect differences between 

linear and matrix organizers. 

Graphic Organizers and Graphical Navigational Aids 

Graphic organizers are similar to advance organizers; however, whereas advance 

organizers only use prose, graphic organizers use visual devices (Alvermann, 1981).  Such visual 

devices can include highly graphic representations such as concept maps, knowledge maps, and 

mind maps – representations that use lines, arrows, and/or spatial arrangements between text to 

indicate the structure of the textual information and the relationships between key terms and 

ideas in the new learning material (Alvermann, 1981). 

Robinson and Kiewra (1995) found that graphic organizers were more effective than 

either outlines or no organizer on far transfer tasks such as applying learned knowledge to new 

examples or writing integrated essays.  However, they also report conflicting findings from a 

previous study by one of the researchers, noting that “If, however, the goal of instruction is for 
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students to learn represented facts, then graphic organizers are no more effective than outlines” 

(p. 466).  The results of these studies are inconclusive as to whether outlines or graphic 

organizers are more effective.  Nevertheless, the findings suggest that each may be beneficial 

under different learning conditions. 

B. Chen, Hirumi, and Zhang (2007) examined the effects of advance organizers and 

graphic organizers on learning in a web-based class.  They compared the effects of a text-based 

advance organizer, a graphic advance organizer, and no advance organizer on learning and on 

learner attitudes towards the organizers.  Although they did not find a statistically significant 

difference in learning outcomes between groups, they found that learners reported significantly 

positive attitudes towards using the advance organizers, particularly the graphic organizers.  The 

students reported they felt the advance organizers, particularly the graphic organizers, helped 

them scaffold the new material.  B. Chen et al. suggest that their failure to detect an improvement 

in learning outcomes may have been caused by threats to the validity of their test instrument.  

The test was designed to be taken “closed book,” but it was administered online without 

proctors, so it is not known whether learners actually used their books and lecture notes, 

potentially compromising the validity of the test. 

Morozov (2009) compared the effects of two types of graphical aids (i.e., a hierarchical 

map and a network map), as well as no map, on knowledge acquisition and disorientation in 

web-based instruction.  The hierarchical map was organized in the format of an outline, listing 

the module’s topics and sub-topics in the order in which they appear in the learning module and 

using indentations to indicate the hierarchical relationships between each of the major topics and 

sub-topics.  In contrast, the network map consisted of concept nodes that contained hyperlinked 

text.  The network map was continuously displayed in a frame on the top half of the screen, 
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while the target page associated with each node was displayed in a frame on the bottom half of 

the screen as each node was clicked.  Morozov found that subjects in the hierarchical map group 

experienced significantly less disorientation than subjects in the network map and no map 

groups, suggesting that a hierarchical representation of the structure of the instruction in outline 

form was more effective in reducing disorientation than a network map representing the semantic 

structure of the content in the form of a concept map.  However, no impact was observed on 

learning outcomes.  Morozov suggested that cognitive load from other technical features of the 

hypertext design may have confounded results of the graphical navigational aids on learning.  In 

the present study, the discussion forum index with descriptive post titles takes the form of an 

outline, similar to the hierarchical map in Morozov’s study, and is expected to similarly reduce 

disorientation commonly associated with navigating asynchronous threaded discussion boards. 

Using Advance Organizers to Compensate for Poorly-Organized Materials 

Advance organizers have been found to be most effective in aiding learners with the 

retention of information when the information presented to the learner is poorly organized 

(Alvermann, 1981; Ausubel et al., 1978; Mayer, 1978, 1979b).  Mayer (1978) investigated the 

use of advance organizers on material that is randomly or poorly organized, in a study testing the 

assumption that learners would be able to integrate new material on their own when it is logically 

organized, but not when it is randomly or poorly organized.  According to assimilation theory, 

Mayer predicted that advance organizers would provide a meaningful context in which new 

information could be integrated and scaffolded onto preexisting knowledge.   He hypothesized 

that use of advance organizers with random or poorly-organized material would improve posttest 

performance.   His study confirmed that advance organizers were effective in counteracting the 

effects of poor text organization.  The effect was most significant in far-transfer posttest 
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questions involving interpretation.  Subsequent studies have confirmed the benefits of advance 

organizers on learning outcomes when used to compensate for poorly-organized materials 

(Alvermann, 1981; Mayer, 1979b). 

Alvermann (1981) investigated the effect of using a graphic organizer to aid in the 

retention and recall of information from poorly organized expository text.  He found that learners 

exposed to graphic organizers in advance of instruction benefitted from the graphic organizer 

when subsequently exposed to poorly-organized expository prose, but not when exposed to well-

organized expository prose.  The graphic organizer improved both immediate and delayed recall 

measures for the group exposed to poorly-organized expository prose.  The results from these 

and similar studies (Alvermann, 1981; Ausubel et al., 1978; Mayer, 1978, 1979b) suggest that a 

discussion forum index created with descriptive post titles and used as an advance organizer may 

be particularly effective in aiding recall of the content of posts since posts in a discussion forum 

are often difficult to follow and complex in their organization (C.-Y. Chen et al., 2012; Wise, 

Marbouti, et al., 2012). 

Effects of Advance Organizers in Hypertext Environments 

 In an effort to better understand how learners make navigational choices in a hypertext 

environment and how they form mental models of the websites they visit, Boechler (2001) and 

Boechler and Dawson (2002) have extensively studied the effects of various types of 

navigational aids on the navigational choices that learners make when performing learning tasks 

in an online hypertext environment, such as an asynchronous threaded discussion forum.  Their 

research is focused on developing navigational aids to counter two common problems 

encountered by users of hypertext systems: cognitive overhead and disorientation. 
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The first problem identified by Boechler (2001) commonly experienced by users of 

hypertext systems is cognitive overhead.  Boechler defines cognitive overhead as “the amount of 

cognitive resources necessary to successfully complete an informational task in hypertext” and 

notes that “degraded performance occurs when a hypertext user’s cognitive resources are 

overwhelmed by these demands” (p. 27). 

The second problem that Boechler (2001) identifies as common to users of hypertext 

systems is disorientation – not knowing where to navigate next to find the desired information on 

the site, or knowing where they want to go on the site but not knowing how to navigate there, 

and/or feeling lost within the site and unsure where they currently are in relation to the overall 

structure of the site.  Disorientation can lead to looping through the same pages multiple times, 

taking inefficient paths through the site to get to the desired page, frequently backtracking 

through pages previously visited, and/or viewing many pages superficially without a deeper 

concept of the relatedness of the pages to each other.  Because asynchronous threaded 

discussions are also a hypertext environment, each of these forms of disorientation can also 

occur in asynchronous threaded discussions, especially when no effective form of organizer is 

present to cue the learners in advance to the content of each post and the relationships between 

the posts. 

In an attempt to overcome the problems of cognitive overload and disorientation in the 

hypertext environment, Boechler (2001) and Boechler and Dawson (2002) suggest several forms 

of navigational aids that could be used as advance organizers, including spatial navigational aids, 

hierarchical navigational aids, and combined spatial/hierarchical navigational aids.  Spatial aids 

take the form of concept maps, with a node containing descriptive text for each page and lines 

between the nodes indicating the links between the pages (Boechler, 2001).  Hierarchical aids 
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take the form of outlines, consisting of hyperlinks to the major topics and sub-topics of the 

website (Boechler & Dawson, 2002).  Spatial/hierarchical aids take the form of a tree-like 

structure, with a node containing descriptive text for each page, arranged in hierarchical order 

according to the major topics and sub-topics of the website.  The spatial/hierarchical aid most 

closely resembles the structure of a discussion forum index created by meaningful post titles 

arranged in a tree-like structure with the titles indicating the major arguments/topics and sub-

topics within each thread. 

Boechler and Dawson (2002) found that learner’s navigation patterns were heavily 

influenced by the type of information contained in the navigational tool available to the learner.  

They found that users did not visit the pages strictly in a linear order and, in particular, users 

tended to make “some transition choices based on content as well, that is, a best guess from the 

labels or previously visited pages as to what would be an appropriate page to find the target 

information” (Boechler and Dawson, 2002, p. 113).  Applying this to the present study, it can be 

presumed that users who have access to descriptive titles may be able to make better choices on 

which posts to read and respond to. 

Antonenko and Niederhauser (2010) studied the effects of another type of advance 

organizer by presenting learners with leads – hypertext node previews – that pop up whenever a 

learner hovers the cursor over a hyperlink.  Each lead consisted of a brief summary of the content 

on the target webpage associated with that hyperlink.  Figure 2.2 shows an example of a lead 

(hypertext node preview) in a list of search results from an online library.  In this example, when 

the user hovers over the title of an article, a description of the article pops up in a preview 

window, allowing the user to obtain further details about the article without having to leave the 

page displaying their search results.    
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Figure 2.2 Example of a lead (hypertext node preview) used as an advance organizer 

 

In Antonenko and Niederhauser’s study (2010), electroencephalography (EEG) readings 

confirmed that brain wave activity believed to reflect split attention effects and extraneous 

cognitive load decreased significantly in the advance organizer group that used leads.  

Furthermore, they found that the use of leads as a form of advance organizer also had a positive 

effect on learning outcomes.  Similar to the way in which leads allow users to read previews of 

many other pages on the website without having to leave the current page, descriptive post titles 
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in the current study allow learners to view a concise summary of the main points of many posts 

without having to leave the discussion forum index page. 

Summary of Advance Organizer Studies 

Table 2.8 summarizes the advance organizer studies reviewed, the types of organizers 

used in each study, the treatments used in each study, the key findings of each study, and the 

limitations of each study. 

 
Table 2.8 
 

Summary of advance organizer studies reviewed, types of organizers, treatments, key findings, 

and limitations 

 

 
Study 

 
Type(s) of 
Organizers 

 

 
Treatment 

 
Key Findings 

 
Limitations 

 
Alvermann 
(1981) 

 

 graphic 
organizer 

 
graphic organizer 
vs. no organizer 
with comparison 
(organized) text, 
plus posttest; and 
graphic organizer 
vs. no organizer 
with descriptive 
(poorly-organized) 
text, plus posttest 
 

 
subjects in graphic 
organizer group 
performed better 
than subjects in 
“no organizer” 
group under 
descriptive 
(poorly-organized) 
text condition 

 
no difference in 
performance 
between groups 
under the 
comparison 
(organized) text 
condition 

Boechler & 
Dawson 
(2002) 

 alphabetical  

 hierarchical  

 spatial  

 spatial/ 
hierarchical  

search task users' navigation 
choices are 
heavily affected 
by organizer; users 
do not constrain 
themselves to a 
linear navigation; 
some navigation 
choices based on 
suppositions of the 
content of pages 
 

none listed 
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Table 2.8 – continued 
 

 
Study 

 
Type(s) of 
Organizers 

 

 
Treatment 

 
Key Findings 

 
Limitations 

 
B. Chen 
(2007) 

 

 concept map 

 outline 

 
textbook reading 
and posttest 

 
organizers had no 
significant effect 
on performance; 
students had 
positive attitudes 
towards advance 
organizer use 

 
validity of test 
instrument 
threatened because 
test was online and 
“closed book,” but 
learners may have 
used their books 

 
Gurlitt, 
Dummel, 
Schuster, & 
Nückles 
(2012) 

 

 well-structured 
organizer 

 well-structured 
and key-
concept 
emphasizing 
organizer 

 less structured 
organizer 
 

 
5 phases: 

 pretest  

 study advance 
organizer 

 sorting task 

 reading 

 posttest 
 

 
both well-
structured groups 
improved near 
transfer; only the 
well-structured 
and key-concept 
group improved 
far transfer 

 
results may not 
generalize to less 
structured 
knowledge 
domains or 
problems with 
more than one 
correct answer  

Kiewra & 
Mayer 
(1997) 

 linear 
organizer  

 matrix 
organizer 

 conventional 
organizer 

4 phases: 

 study advance 
organizer 

 view lecture 
(1-3 times) 
and take notes 

 study notes 
posttests 

linear and matrix 
organizers that 
integrated 
subtopic info 
aided recall of 
subtopic info; 
conventional 
organizers only 
aided overall 
recall 
 

more sensitive 
tests needed to 
detect effect 
differences 
between linear and 
matrix organizers 
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Table 2.8 – continued 
 

 
Study 

 
Type(s) of 
Organizers 

 

 
Treatment 

 
Key Findings 

 
Limitations 

 
Mayer 
(1978) 

 

 advance 
organizer 

 
Experiment 1:  
random text vs. 
logical text, 
followed by 
posttest 
Experiment 2: 
questions from 
single frame vs. 
questions 
integrating info 
from several 
frames 

 
advance 
organizers aided 
subjects in 
integrating facts 
from different 
areas within the 
text; advance 
organizers had 
greatest effect on 
low ability 
subjects 

 
while advance 
organizer aided 
assimilation of 
poorly organized 
text, it hindered 
assimilation of 
logically organized 
text 

 
Mayer 
(1979a) 

 

 advance 
organizer 

 
9 experiments 
were conducted, 
each of which 
used unfamiliar 
material, 
controlled for the 
amount of 
information 
presented, and 
analyzed learning 
outcomes 
 

 
advance 
organizers 
consistently 
improved learning 
outcomes when 
used appropriately 
and measured 
properly 

 
few types of 
instructional 
materials used; 
most subjects were 
students from 
several colleges; 
results may not 
generalize to other 
groups 

Mayer 
(1979b) 

 advance 
organizer 

44 experiments 
were reviewed 

advance 
organizers had 
more effect on 
unfamiliar text and 
poorly organized 
text; advance 
organizers aid far 
transfer more than 
fact retention 
 

almost all studies 
used material from 
math, science, or 
other well defined 
area; results may 
not generalize to 
less structured 
knowledge 
domains 
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Table 2.8 – continued 
 

 
Study 

 
Type(s) of 
Organizers 

 

 
Treatment 

 
Key Findings 

 
Limitations 

 
Morozov 
(2009) 

 

 hierarchical 
map 

 network map 

 
navigation task 
 

 
subjects in the 
hierarchical map 
group experienced 
significantly less 
disorientation than 
subjects in the 
network map and 
no map groups 
 

 
no impact was 
observed on 
learning 
outcomes; load 
from other 
technical 
features of the 
hypertext 
design may 
have 
confounded 
results  

 
Robinson 
& Kiewra 
(1995) 

 

 graphic 
organizer 

 outline 
(organizers 
were post 
organizers, 
rather than 
advance 
organizers) 

 
Experiment 1: 
comparison of text 
only, text plus 
outlines, and text 
plus graphic 
organizer in 
immediate and 
delayed testing 
conditions 
Experiment 2: 
comparison of text 
only, text plus 
outlines, and text 
plus graphic 
organizer in 
delayed testing 
immediately 
preceded by a 
review session 
 

 
Experiment 1: 
graphic organizers 
were superior in 
aiding conceptual 
learning than 
outlines or text 
alone, but reduced 
recall of facts not 
contained in the 
organizer 
Experiment 2: 
graphic organizers 
improved learning 
outcomes with no 
reduced recall of 
facts not contained 
in the organizer 
(additional study 
time may explain 
this finding) 
 

 

 post organizers 
were used; 
results may not 
generalize to 
advance 
organizers 

 participants 
were satisfying 
research 
requirement 
but were not 
graded so may 
not have put 
out same effort 
studying as 
they would in 
real courses 
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How the Literature Review Informs the Present Study 

The design of the present study was informed by findings from the review of the 

literature on critical thinking, cognitive load theory, and advance organizers.  The purpose of the 

present study is to determine the effect that requiring students to customize posts with descriptive 

titles, as a form of advance organizer, has on critical thinking and cognitive load in asynchronous 

threaded discussions.  The main hypothesis guiding the study is that descriptive post titles, as a 

form of advance organizer, will assist learners in forming a mental structure of the discussion by 

enabling them to ascertain the main point of each post by scanning the list of post titles in the 

discussion forum index prior to reading the posts.  Also, upon returning after a break, the 

discussion forum index should serve as a scaffold to assist students with reorienting themselves 

to the structure and content of the discussion.  The main ideas summarized in the post titles are 

expected to trigger students, upon returning, to recall the content of the posts they previously 

viewed without having to re-read all of them. 

Based on prior findings on the beneficial effects of advance organizers in overcoming 

cognitive load and disorientation in a hypertext environment, (Boechler, 2001; Boechler & 

Dawson, 2002; Morozov, 2009), I selected descriptive post titles as the intervention in this study.  

I expected the descriptive post titles to function as an advance organizer, forming an outline of 

the discussion and allowing learners to view a concise summary of the main points of many posts 

without having to leave the discussion forum index page.  Because the post titles can all be 

viewed together at any time by returning to the index of the current discussion, I hypothesized 

that fewer extraneous cognitive resources would be required to retain the structure of the 

discussion in the learner’s mind while participating in the discussion.  This is based on findings 

that advance organizers are most effective when the information to be learned is poorly 
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organized, because they help to organize the content in the learner’s mind in advance of viewing 

the actual content (Alvermann, 1981; Ausubel et al., 1978; Mayer, 1978, 1979b).  Furthermore, 

by providing information about the content of each post, the learner can select the posts which he 

or she feels are most relevant to his or her learning at any given time and view only those posts, 

rather than viewing every post in the discussion to find the most relevant ones. This is similar to 

the way Antonenko and Niederhauser (2010) used leads – hypertext node previews – as a form 

of advance organizer.  I assumed that this would allow the learner to focus more mental 

resources on comprehending the content in the discussion, and on formulating and posting more 

substantive responses to help move critical discourse to a higher level, rather than on developing 

and retaining a mental representation of the structure of the discussion.  Instead of spending time 

re-reading posts, learners could focus time and energy on furthering the discussion with 

meaningful, on-topic challenges, explanations, evidence, evaluations, or new arguments relevant 

to the growing discussion, thus potentially increasing the depth of critical thinking in the 

discussion. 

Based on a review of several critical thinking models commonly used to measure critical 

thinking in asynchronous threaded discussions, I selected Jeong’s (2005) event categories as the 

base model from which the critical thinking model used in the present study would be adapted, 

and sequential analysis was selected as the analysis method to be used in the present study 

because of the high inter-rater reliability of the event categories model and DAT’s suitability for 

analyzing specific dialogic exchanges and interactions. 

Based on a review of various methods for measuring cognitive load, I selected the 

following combination of subjective and objective measures of cognitive load for the present 

study: self-reported invested mental effort, heat flux, galvanic skin response, and 
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electromyography.  Self-reported invested mental effort was measured with a mental effort 

survey (Appendix H) based on a similar instrument created by Paas (1992).  I chose these 

specific instruments for measuring cognitive load for their reliability and effectiveness in 

comparison to alternative instruments. 
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CHAPTER 3 

METHODS 

Chapter Overview 

The methods chapter begins with an overview of the research design for the present 

study.  Next, I describe the results of the power analyses I used to determine the appropriate 

sample size for the study.  Third, I describe the participants, the independent and dependent 

variables, and the procedures for participation and data collection. Fourth, I describe the 

procedures I followed for data coding, along with a description of the measures I used to 

calculate inter-rater reliability.  Finally, I describe the procedures I used to analyze the data. 

Overview of Research Design 

The purpose of this study is to determine the effect that requiring students to customize 

posts with descriptive titles, as a form of advance organizer, has on critical thinking and 

cognitive load in asynchronous threaded discussions.  In a previous study, Jeong (2001) found 

that titled posts were more likely to elicit replies than untitled posts, and, on average, elicited a 

higher number of replies than untitled posts.  In his study, participants were not required to title 

their posts, so the data sample contained a mix of titled and untitled posts.  The current study 

aims to determine if larger correlations could be found between the use of descriptive titles and 

specific dialogic exchanges indicative of critical thinking if all posts were customized with 

descriptive titles.  In addition, cognitive load was measured using both subjective and objective 

measures to determine if any increase in critical thinking that results from using descriptive post 

titles could be attributed to a corresponding reduction in cognitive load. 
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Power Analysis 

I conducted power analyses using G*Power (Faul, Erdfelder, Buchner, & Lang, 2009; 

Faul, Erdfelder, Lang, & Buchner, 2007) to determine the required sample size to ensure an 

accurate and reliable analysis of the effects of post titles on critical thinking and cognitive load in 

the present study. 

First, I estimated the number of participants required to ensure an adequate number of 

‘post-response pairs’ of specific dialogic interactions found in previous studies to be indicative 

of critical thinking (i.e., challenges posted in response to arguments, explanations posted in 

response to arguments, and challenges posted in response to challenges) for the ANOVA 

originally planned for the analysis of dialogic interactions for research question #1.  I assumed a 

moderate effect size of .25 based on the effect size reported in a similar study, which examined 

the effect of pre-structuring discussion threads on group interaction and group performance in an 

asynchronous threaded discussion (Brooks & Jeong, 2006).  Given an α of .05, power of .8, and a 

moderate effect size of .25, the minimum number of ‘post-response pairs’ needed in the above 

categories is 180.  In the data sample from Brooks and Jeong’s study (2006), 65% of the ‘post-

response pairs’ belonged to the categories identified above.  Assuming a similar distribution in 

the present study, a total of 276 ‘post-response pairs’ would be required to ensure a minimum of 

180 ‘post-response pairs’ in the desired categories.  In Brooks and Jeong’s study, there were 65% 

more posts than ‘post-response pairs.’  Assuming a similar distribution in the present study, a 

minimum of 425 posts would be required in the discussion.  Since each participant will be 

required to post a minimum of 8 posts, the minimum number of participants needed to produce a 

sufficient number of posts to detect significant differences in means with this measure is 53 

participants. 
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Next, I estimated the number of participants required for the independent samples t-test 

comparison of the average number of evaluation posts between the experimental and control 

group for research question #1.  I assumed an effect size of .8, based on the large effect size 

reported by Hew and Cheung (2011) for a study that also investigated higher-level knowledge 

construction in asynchronous threaded discussions.  I chose this study because it used similar 

facilitation techniques on the discussion board, including establishing ground rules (in the 

present study, ground rules can be found in Appendices D through G) and summarization (in the 

present study, students are encouraged to synthesize and summarize argument threads by 

contributing ‘evaluation’ posts.  Given an α of .05, power of .8, and effect size of .8, the 

minimum number of participants needed to detect significant differences in means with an 

independent samples t-test is 52 subjects. 

Finally, I estimated the number of participants required for the independent samples t-test 

comparison of the average cognitive load score between the experimental and control group for 

research question #2.  I assumed an effect size of .8, based on the large effect size reported by 

Mayer and Moreno (2003) for a study that also used a signaling technique to reduce cognitive 

load.  I chose this study because the present study similarly uses a signaling technique (post titles 

as an advance organizer) to reduce cognitive load.  Given an α of .05, power of .8, and effect size 

of .8, the minimum number of participants needed to detect significant differences in means with 

an independent samples t-test is 52 participants. 

For the present study, I used the estimate of 53 participants, from the first power analysis, 

since it was the largest of the three sample sizes estimated.  To allow for possible attrition of up 

to 5% between the first and second session, I recruited 56 participants (28 per group).  However, 

in actuality, no attrition occurred in the study. 
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Participants 

Based on the results of the power analysis, I recruited 56 participants for the study.  The 

participants were undergraduate and graduate students from a major university in the southeast 

region of the USA, ranging from 18 to 65 years in age, from various majors and academic 

disciplines.  I advertised the study by posting flyers throughout campus and on social media.  

Upon expressing interest in participation in the study, prospective participants signed a Human 

Subjects Committee consent form and completed a Survey of Prior Experience.  I selected 

participants from the pool of students completing the Survey of Prior Experience. 

The sampling frame I used to select participants was stratified sampling, where the strata 

were defined by the prospective participant’s position (i.e., support, oppose, or neutral) on the 

proposed debate topic, as indicated on the Survey of Prior Experience.  To reduce sampling 

error, I applied random sampling within each stratum.  I assigned selected participants to either 

the control group or the experimental group.  I equated the groups to contain an equal percentage 

of graduate and undergraduate students in each group to control for differences in critical 

thinking ability due to level of educational attainment, and I equated the groups to contain the 

same percentage of participants with different position (i.e., support, oppose, or neutral) on the 

debate topic in each group. 

I obtained informed consent from each participant in the study.  I followed the 

appropriate procedures to obtain approval in advance from the Florida State University 

Institutional Review Board (IRB) Human Subjects Committee (HSC).  Upon volunteering to 

participate in the study, participants signed a Human Subjects Committee consent form prior to 

completing the Survey of Prior Experience.  The consent form explained to the participant that: 

a) their participation in the research study was voluntary and they could retract their consent at 
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any time without penalty or prejudice, b) the purpose of the study was to test an instructional 

intervention for the purpose of increasing critical thinking on discussion boards in online 

classrooms, and c) they would be compensated $40 for participation in the study, payable only 

after completing all requirements of the study.  Payment was intended to compensate participants 

only for their time and for completion of the study and was not contingent on the quality of their 

participation. 

To maintain confidentiality, I de-identified all data downloaded from the asynchronous 

threaded discussions by substituting codes in place of participant names.  I stored hard copies of 

all data pertaining to the study in a locked filing cabinet in my home office.  I secured all 

electronic data stored on my laptop computer with password protection.  I did not share the 

password were anyone.  I will keep one de-identified copy of the data indefinitely to conduct 

further analysis, if necessary, in the process of preparing for publication, or for conducting 

additional explorations of the data to address questions for future research. 

Independent Variable 

I instructed participants in the control group not to make any changes to the subject 

heading (i.e., title) field of their posts.   I instructed and required participants in the experimental 

group to insert descriptive titles into the subject heading (i.e., title) field of each post.  The 

independent variable is a categorical variable indicating whether participants used versus did not 

use descriptive post titles. 

Dependent Variables 

The dependent variables consist of measures of the level of critical thinking achieved by 

each group and the level of cognitive load experienced by participants in each group. 
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Metrics Used to Assess Critical Thinking 

The following metrics were used to assess critical thinking: 

 Difference between groups in mean numbers of occurrences of each dialogic pairing 

determined through sequential analysis to have occurred with a higher or lower than 

expected frequency (i.e., challenges posted in response to arguments, challenges 

posted in response to challenges, explanations posted in response to arguments, and 

evaluations posted in response to evaluations). 

 Difference between groups in mean number of evaluation posts produced by each 

student – posts that are intended to review the merits of a given argument based on 

the challenges, explanations, and evidence presented in the thread and based on its 

relationship to other arguments. 

 Difference between groups in mean number of indicators of critical thinking 

identified in the content analysis of the posts. 

Metrics Used to Assess Cognitive Load 

The following metrics were used to assess cognitive load: 

 Self-rated estimates of mental effort. 

 Composite cognitive load score – computed for each participant by normalizing and 

summing their electromyography (EMG), galvanic skin response (GSR), and heat 

flux scores into one composite cognitive load score. 

Conditions 

Non-Descriptive Post Title Group 

 I instructed the control group not to modify each post’s title, but instead to leave the post 

title at the default setting. 
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Descriptive Post Title Group 

 I instructed the experimental group to title each post with a descriptive title, by reviewing 

examples of descriptive post titles with them (see Appendices E and G). 

Defining descriptive post titles.  In asynchronous threaded discussions, when a student 

replies to a post, the default setting of most learning management systems is for the subject line 

to remain the same, except to be prefaced with “RE:” to indicate that the new post is a reply to 

the original post.  The problem with this scheme for naming post titles is that one initial post can 

spawn numerous replies at numerous levels of threading, resulting in multiple posts with 

identical titles.  When viewing a discussion forum index where the post titles are all the same, 

the learner cannot differentiate between the topics or main ideas of each of the posts simply by 

viewing the discussion forum index.  In contrast, if all participants in a discussion have crafted 

each post’s title to concisely state the main idea of the post, another learner entering the 

discussion may then be able to scan the discussion forum index, noting the main topic of each 

post and the relationship of each post to the other posts, and form a cognitive structure of the 

discussion in his or her mind in advance of actually opening and reading any of the posts in the 

discussion.  To better illustrate this concept, I operationalized the definition of descriptive post 

title, as it is used in the present study, as “a concisely stated title that summarizes the main idea 

or key argument of a discussion board post.”  I instructed participants in the experimental group 

to determine the main idea of each post and concisely state the main idea in the post title. 

Procedures 

Participation in the study consisted of three phases: (a) a pre-treatment phase consisting 

of a Survey of Prior Experience (Appendix C) used to select participants for the remainder of the 

phases, (b) a one hour group session in a computer lab classroom, where selected participants 
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began their participation in a debate on an asynchronous threaded discussion board in an online 

classroom, and (c) a one hour individual session approximately one week later, where 

participants reoriented themselves to the debate and continued their participation in the debate.  I 

also collected subjective measurements of cognitive load during the first session with each 

participant, and both physiological and subjective measurements of cognitive load during the 

second session with each participant to measure potential differences in the cognitive load 

between the group with descriptive post titles and the group without descriptive post titles.  

Figure 3.1 depicts the steps of involvement for study participants. 

Pre-Treatment 

Upon initial contact by prospective participants, I directed them to sign a Human Subjects 

Committee consent form (Appendix B) and complete a Survey of Prior Experience (Appendix 

C).  The Survey of Prior Experience included questions about basic demographic information, 

such as age, year in school, major, questions about their prior experience with asynchronous 

threaded discussions, and questions about their position on raising the minimum wage and on 

other political issues (as well as how strongly they felt about each issue).  The survey included 

questions on several political issues so that prospective participants would not know in advance 

exactly which issue would be the topic of the debate, to prevent them from conducting research 

and preparing for the debate in advance.  I used the survey results to select a stratified sample of 

participants for the study. 

During the recruitment period, I pilot tested the procedures for session one and session 

two with non-eligible participants, to ensure that all procedures ran smoothly and to make any 

necessary adjustments before beginning sessions with the actual participants. 
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Pre-Treatment  
 
 
       (If selected for participation) 
 
 
 
 
 
 
 
 
 
 

Session One 
 
 
 
 
 
 
 
 
 
 

 
  
 
 
 
 

 Session Two 
 
 

Figure 3.1 Steps of involvement for study participants 
 

1. Participant signs informed consent form 
2. Participant completes survey of prior experience 
3. Participant completes doodle poll for schedule availability 

1. Participant receives login assistance and instructions (10 minutes). 
2. Participation in online debate (45 minutes). 

 Participant uses web to research debate topic. 

 Participant posts a minimum of 4 posts to the debate. 

 Participant logs out of debate and completes mental effort survey. 
3. Participant receives follow-up instructions (5 minutes). 

1. Participant is hooked up to biometric sensors and receives instructions 
(10 minutes). 

2. Participation in online debate (30 minutes). 

 Participant reorients to discussion board and reads new posts. 

 Participant uses web to continue to research debate topic. 

 Participant posts a minimum of 4 additional posts to the debate 
(at least one of which much be an “Evaluation” post). 

 Participant logs out of debate and completes mental effort survey. 
3. Collect baseline data and remove biometric sensors (5 minutes). 

4. Conduct post-debate interview with participant (15 minutes). 
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I used the Survey of Prior Experience (Appendix C) to query potential participants on 

their position on ten different current political issues, as well as the strength of their conviction 

on each issue.  Based on results of the Survey of Prior Experience, I chose the topic of minimum 

wage for the debate topic because it represented the topic with the broadest range of positions 

among the prospective participants.  Participants in the study debated the following position 

statement: “The national minimum wage in the United States should be raised to $12 per hour.”   

Minimum wage is a contemporary topic that all participants were likely to be familiar 

with regardless of their academic discipline and it is a topic about which participants were likely 

to hold diverse opinions.  It is also a topic that participants would be able to easily research 

online to form arguments supporting their position and to locate evidence to support their 

position.  Furthermore, I chose a current political issue as a topic because politics are 

controversial, and G. Chen and Chiu (2008) found that “participants were likely to engage in and 

sustain online discussion on topics that involved many disagreements.” (p. 689).   

Session One 

During the first week of the study, I held several group sessions on different days and at 

different times to accommodate differences in participants’ schedules and availability.   I 

scheduled experimental and control groups in alternating order throughout the week to help 

minimize differences in time elapsed between the first and second session by allowing for 

various scheduling options for both groups.  Groups of up to eight participants at a time met in a 

computer lab classroom for the initial session.  Each group session ran for one hour.  No verbal 

discussion took place between participants during the session.  Instead, all interaction took place 

online on the discussion board.  The reason for having participants meet in small groups during 

the first week was so that the first group of participants would be able not only to post their own 
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initial arguments to the discussion, but also to begin replying to other participants’ arguments 

later in the same session, after other participants had posted to the discussion.  However, the size 

of the small groups was restricted to a maximum of eight participants at a time to more closely 

replicate the slow growth over time of an asynchronous threaded discussion in an actual online 

course. 

For the first ten minutes of the session, I reviewed instructions on how to participate in 

the debate (Appendices D and E) with the participants and assisted them with logging into their 

computers and accessing the discussion board where the debate would take place.  The debate 

instructions were embedded in the BlackBoard classroom where they could be referenced during 

the session and the URLs to the articles were hyperlinked for ease of access.  I instructed 

participants in the control group not to modify the titles on their posts, but to leave the title (i.e., 

‘subject’) field at the default title given by the system.  I instructed participants in the 

experimental group on how to insert descriptive titles into the subject heading (i.e., title) field of 

their posts and reviewed examples of descriptive titles with them.  I instructed all participants in 

both groups to state only one main idea per post, in one well-developed paragraph, to address 

one and only one of the four functions listed below: 

 Argument – State one reason to support or oppose an increase in minimum wage. 

 Challenge/counter-challenge – Question or challenge the merits, logic, relevancy, 

validity, accuracy or plausibility of a previously stated argument or challenge. 

 Explanation – Provide additional support or sub-arguments to further explain and 

clarify how a stated argument supports/opposes your position on minimum wage. 

 Evidence – Provide numbers, data, proof, or anecdotal evidence to establish the 

veracity of an argument or challenge. 
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I instructed the participants to use a search engine, as necessary, to conduct research on 

the topic and find support for their arguments.  I informed participants that in addition to posting 

their own arguments to the discussion, they could also begin posting responses to other 

participants at any time.  I also instructed participants that they did not have to read all posts in 

the discussion before contributing their own posts.  This is based on prior research that student 

reading patterns which involve reading only a portion of posts can be as effective in producing 

posts which demonstrate higher levels of critical thinking, such as synthesizing ideas from some 

of the previous posts in the discussion and contributing new ideas which advance the discussion 

forward, as reading patterns which involve reading all posts in the discussion (Wise, Hausknecht, 

& Zhao, 2014; Wise, Hsiao, Marbouti, Speer, & Perera, 2012). 

For the next 45 minutes, participants engaged in an online debate about raising the 

minimum wage and contributed a minimum of four posts each to the discussion.  They argued 

for or against the following position: “The national minimum wage in the United States should 

be raised to $12 per hour”.  Although the groups were initially balanced according to the position 

they indicated on the Survey of Prior Experience, participants were free to choose any position 

they wanted to support and defend, as well as to allow their position to evolve and change 

throughout the debate. 

In the last five minutes of the one-hour session, I instructed participants to log out of the 

debate and administered a brief survey of self-perceived mental effort (Appendix H).  At the 

conclusion of session one, I locked each participant out of the online classroom until their 

individual session the following week, to prevent them from following the discussion and 

reading posts between sessions. 
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Session Two 

During the second week of the study, each participant attended an individual one-hour 

session.  The exact amount of time between the first and second session varied among the 

participants, as it also naturally would in an online class if students were asked to participate in 

an online discussion over a two week period.  However, I scheduled each participant’s second 

session as close to seven days after their first session as their schedule would permit. 

During the first ten minutes, I reviewed instructions for continued participation in the 

debate (Appendices F and G) with each participant.  The debate instructions were embedded in 

the BlackBoard classroom where they could be referenced during the session and the URLs to 

the articles were hyperlinked for ease of access.  As in the first session, I again instructed 

participants in the control group not to insert titles into their posts, but to leave the title (i.e., 

‘subject’) field at the default title given by the system.  I reminded participants in the 

experimental group to insert descriptive titles into the subject (i.e., ‘title’) fields of their posts.  I 

reminded all participants to state only one main idea per post, in one well-developed paragraph.  

In addition to the four function categories used in session one, I introduced a fifth function 

category in the second session: 

 Evaluation – Choose a specific argument given in the debate (i.e., one reason for or 

against raising the minimum wage) and evaluate that argument by synthesizing the 

original argument, challenges and counter-challenges presented to the argument, and 

all evidence provided by either side.  Consider both sides of the argument and try to 

determine the merits of each side of that argument, as presented in the debate.  After 

considering both sides, do you think it was a strong or weak argument? 
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I informed participants that in addition to posting responses to other students’ posts they 

could also create new threads, to allow them to contribute additional arguments they may not 

have thought of during the first session.  This is also important because contribution of 

arguments which the participant believes are new to the discussion, but which turn out upon data 

analysis to be redundant, may be an indicator that participants found the discussion to be difficult 

to follow and had not formed a complete and accurate mental structure of the discussion after 

reorienting themselves to the discussion. 

During the first ten minutes, I also hooked up each participant to sensors (Biograph 

Infiniti electrodes for measuring SEMG, and BodyMedia SenseWear armband for measuring 

heat flux and galvanic skin response).  I placed an armband around each participant’s left bicep 

and attached three electrodes to their forehead (see Figure 3.2).  No calibration was required for 

either device. 

During the next 30 minutes, each participant reoriented themselves to the debate, read 

new posts that had been added to the debate, conducted research on the Internet to find evidence 

and support to build their counter arguments (if needed), and contributed a minimum of four 

additional posts to the debate.   

After the 30-minute debate period, I instructed each participant to log out of the debate 

and I administered a brief survey of self-perceived mental effort (Appendix H) to each 

participant.  Before disconnecting the biometric sensors, I spent several minutes collecting 

baseline data to be used to compute Maximum Voluntary Contraction (MVC) for later use in 

normalizing the SEMG measurements.  The baseline data consisted of asking participants to 

contract and relax their forehead muscles several times. 
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Figure 3.2 Participant in pilot test of biometric equipment, hooked up to Biograph Infiniti 

electrodes and BodyMedia SenseWear armband 
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After disconnecting the biometric sensors, I conducted a 15-minute post-debate interview 

(Appendix I) with each participant.  The interview included subjective questions designed to gain 

additional insights into the findings and to identify any potential limitations of the study based on 

insights gained from the interview.  I made an audio recording of each interview so I could 

transcribe them later for qualitative analysis of the answers. 

Data Coding 

I followed protocols established in similar studies for coding and sequentially analyzing 

posts.  The post was chosen as the unit of analysis based on findings from previous studies 

investigating critical thinking in asynchronous threaded discussions which have consistently 

produced significant findings and greater reliability using the post as the unit of analysis.  In 

addition, one previous study compared the results of sequentially analyzing entire posts versus 

sequentially analyzing additional events within the post and found negligible differences, 

concluding that the post is sufficient as the unit of analysis when studying group interaction in 

asynchronous threaded discussions. 

Choice of Post as Unit of Analysis 

My decision to use the post as the unit of analysis was informed by a review of studies by 

researchers who tried breaking posts into smaller units for analysis (Gunawardena et al., 1997; 

Jeong, 2001, 2003) and a general consensus among researchers that using the post as the unit of 

analysis ensures greater reliability while also yielding significant valid research results (Garrison, 

Anderson, & Archer, 2001; Greenlaw & DeLoach, 2003; Gunawardena et al., 1997; Jeong, 2003, 

2005; Rourke, Anderson, Garrison, & Archer, 2000; Marra et al., 2004; Williams & Lahman, 

2011). 
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Gunawardena et al. (1997) cautioned against sacrificing the intended meaning of a post as 

a whole by artificially separating it into multiple threads: 

We are all capable of holding multiple considerations, or threads of argument, in mind as 

we examine a subject, a fact which Henri’s practice of breaking messages into “meaning 

units” may actually obscure; we must not, without realizing it, begin to view discussion 

artificially divided into strands of arguments as a fair representation of the participants’ 

interaction or any individual participant’s learning process. 

In response to these difficulties encountered when attempting to analyze posts by the multiple 

strands of arguments contained within them, Gunawardena et al. developed the Interaction 

Analysis Model (IAM) along with a methodology for using whole posts as the unit of analysis. 

Rourke, Anderson, Garrison, and Archer (2000) noted several advantages to using the 

post as the unit of analysis, including that it is objectively identifiable, produces a manageable 

number of cases, is a self-contained unit set by the author of the post, and tends to have higher 

inter-rater reliability than smaller units of analysis such as thematic units, paragraph units, or 

sentence units.  Rourke et al. reported the following inter-rater reliability measures from studies 

they reviewed that used the post as the unit of analysis: “Marttunen reported a reliability (r) of 

0.71; Ahern, Peck, and Laycock reported percent agreement at ‘over 90%’ (p. 298), and 

Garrison, Anderson, and Archer (2001) reported a kappa of 0.74 when using the message unit as 

the unit of analysis.” 

Jeong’s research on sequential analysis of group interactions that support critical thinking 

in asynchronous threaded discussions (Brooks & Jeong, 2006; Jeong 2001, 2003, 2004a, 2004b, 

2005a, 2005b, 2006a, 2006b, 2007; Jeong & Davidson-Shivers, 2006; Jeong & Frazier, 2008; 

Jeong & Joung, 2007; Jeong & Lee, 2008; Jin & Jeong, 2013) also informed the decision to use 
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the entire post as the unit of analysis in the present study.  In Jeong’s (2001) first comprehensive 

study of group interactions that support critical thinking in asynchronous threaded discussions, 

he used both the post as a whole (categorized according to the main topic indicated in the post’s 

title), and the individual and separate events identified within the posts, as units of analysis.  

After coding each of the events in the posts’ titles (title-events), as well as the events within the 

posts (unit-events), he performed sequential analysis to determine the frequencies of various 

event sequences and to analyze which event pairs represent patterns that contribute to critical 

thinking.  Jeong made the assumption that “the title-events (as the unit of analysis) represent the 

main intentions and functions of the author and the message” (2001, p.55).  He also made the 

assumption that “information on sequential events within messages would not be on the whole 

very useful because the analysis of events within messages did not directly address the objectives 

of this study – the examination of interactions between discussion participants” (2001, p. 57).  In 

fact, Jeong found that the results of the title-event to title-event sequential analysis were very 

similar to the results of the title-event to title-event plus unit-event analysis, supporting the notion 

that analysis of separate events within each post contributed minimal additional value to the 

analysis of interactions that support critical thinking. 

One possible reason Jeong (2001) was able to identify multiple unit-events within posts is 

the large number of event categories he used in that study and the fact that some event categories 

describe events related to metacognition rather than cognitive events that directly affect critical 

thinking.  Out of the 12 categories he used in his initial coding scheme, many were collapsed in 

his later studies into a few key categories indicative of critical thinking (such as argument, 

challenge, explanation, and evidence) and other categories were removed from his coding 

scheme entirely.  An example of a metacognitive category that was removed from Jeong’s 
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coding scheme in subsequent studies is ‘comments,’ which he defined as “a statement addressing 

issues related to the discussion process rather than the discussion content" (2001, p. 132).  An 

example of a statement in Jeong’s study coded as a comment is “Thanks for the comment.  You 

have a point.”  (2001, p. 133).  Therefore, in cases where multiple unit-events were identified 

within posts, many of the additional unit-events identified belonged to categories that do not add 

value to the analysis of event sequences that support critical thinking processes.  Specifically, the 

greatest percentage of additional events identified within posts (in addition to events directly 

correlated to the title-events) fell into the category of ‘comments.’   However, since the present 

study will not examine events of metacognition, identifying such events within posts is not 

needed. 

From the results of his initial study, Jeong concluded that using posts (i.e., title-events) as 

the unit of analysis was sufficient to produce an accurate analysis and generate significant 

findings from the sequential analysis of discussions.  In reference to his initial study, Jeong 

(2003) stated, “the relative frequencies of events observed in the titles…were highly correlated 

(.94) with the relative frequencies of events observed in message texts.  This finding suggests 

that coding messages based on message titles can provide a fair and practical method for coding 

messages [emphasis added]” (p. 31).  In subsequent studies, (Brooks & Jeong, 2006; Jeong 

2004a, 2004b, 2005a, 2005b, 2006a, 2006b, 2007; Jeong & Davidson-Shivers, 2006; Jeong & 

Frazier, 2008; Jeong & Joung, 2007; Jeong & Lee, 2008; Jin & Jeong, 2013), Jeong has 

consistently used posts (i.e., title-events) as the unit of analysis, rather than breaking each post 

into unit-events.  

He also refined his coding scheme to include fewer event categories to increase reliability 

and to eliminate unproductive categories not directly pertaining to events expected to affect 
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critical thinking, while adding a small number of additional productive categories.  For example, 

a large number of observed events in Jeong’s (2001) initial study were categorized as 

‘Argument.’  However, Jeong observed that the Argument -> Argument sequence often reflected 

“counter-arguments and challenges to points made in the previous message” (p. 89), and the 

‘Arguments’ themselves sometimes represented “additional information to elaborate on 

statements from the previous message” (p. 88).  Jeong subsequently (2003) introduced two new 

categories – ‘Challenges’ and ‘Explanations’ – separate from the ‘Argument’ category, to 

capture these differences in purpose of the posts.  By refining the categories of his coding 

scheme, Jeong is able to more accurately classify posts according to purposes relevant to 

analyzing event sequences for indicators of critical thinking.  With these modifications to the 

event categories used in sequential analysis, along with an analysis of title-events rather than 

unit-events, Jeong’s recent studies have consistently produced significant findings regarding 

factors which support critical thinking in asynchronous threaded discussions. 

Additionally, Williams and Lahman (2011) have noted problems with increased 

subjectivity and reduced reliability from coding by unit-events (also called ‘thematic units’): 

Because coding the thematic unit also introduces greater subjectivity and lower 

reliability, many researchers (Garrison et al., 2001; Greenlaw & DeLoach, 2003; 

Gunawardena et al., 1997; Jeong, 2005; Marra et al., 2004) have opted for more fixed, 

stable, and easily identifiable units of analysis such as whole posts or messages.  By 

employing a fixed unit, coding messages brings greater reliability and yields a more 

manageable number of cases for researchers to analyze. (p. 145-46) 

The choice to use the post as the unit of analysis in the present study complies with the 

consensus among current researchers that coding by posts as the unit of analysis, rather than by 
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unit-events, decreases subjectivity and yields greater reliability while also yielding significant 

valid research results (Garrison et al., 2001; Greenlaw & DeLoach, 2003; Gunawardena et al., 

1997; Jeong, 2005; Marra et al., 2004; Williams & Lahman; 2011).  To further increase the 

reliability of the analysis and coding of the posts, I instructed participants to limit each post to 

one and only one of the five listed functions (argument, challenge, explanation, evidence, or 

evaluation). 

Coding Methodology 

Coding event categories.  At the conclusion of all participant sessions, I read each post 

in the debate and classified and labeled it according to its primary function as an argument 

(ARG), challenge (BUT), evidence (EVID), explanation (EXPL), or evaluation (EVAL) 

according to the definitions in Table 3.1, which are adapted from Jeong’s event categories for the 

DAT (Jeong, 2005b).  To reduce the threat to validity of possible researcher bias, the posts were 

not labeled as to which group they belonged to, in the coding spreadsheet. 
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Table 3.1 
 

Event category classifications adapted from Jeong’s (2005b) event categories 

 

 
Label 

 

 
Definition of Label 

 

 
ARG 

 
Argument – Identifies a post that presents an argument to support the 
participant’s position. 

 
BUT 

 
Challenge – Identifies a response that questions or challenges the merits, logic, 
relevancy, validity, accuracy or plausibility of a claim or challenge. 

 
EXPL 

 
Explanation – Identifies a response that provides additional support or sub-
arguments to further explain and clarify how a stated argument supports/opposes 
the participant’s position on the debate topic. 

 
EVID 

 
Evidence – Identifies a response that provides numbers, data, proof or anecdotes 
to verify or establish the validity of an argument or challenge. 
 

EVAL 
 

Evaluation – Identifies a response that evaluates an argument by synthesizing 
previous challenges, counter-challenges, and evidence to determine the merits of 
each side of that argument. 

 
OTH 
 

 
Other – Identifies a response that does not fulfill a dialogic move defined by any 
other label above, such as an off-topic post or a non-substantive contribution 
(e.g., a post that simply states, “I agree.”) 
 

 

Coding content of posts. The coding of event categories discussed in the preceding 

section addresses only the function of the post in terms of the dialogic move that it represents 

within the debate, but it does not examine the post for indicators of critical thinking within the 

written text itself.  Using a grounded theory approach, I read the posts and identified positive 

indicators of critical thinking, as well as indicators of inhibitors to critical thinking, that emerged 

from my review of the posts (see Table 3.2). 
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Table 3.2 
 
Critical thinking indicators from content analysis 

 

 
Indicator 

 

 
Description of Indicator 

 

  
Positive Indicators of Critical Thinking: 

 
Uses Cause & Effect 
Reasoning 

 
States a cause and effect relationship between two factors. 

 
Uses Logical Deduction 

 
States two or more premises, along with an appropriately derived 
conclusion. 

 
Synthesizes Multiple 
Posts 

 
Synthesizes ideas from two or more posts. 

 
Weighs Merits on Both 
Sides 

 
Weighs merits of arguments on both sides of the topic. 
 

 Indicators of Inhibitors to Critical Thinking: 

 
Redundant 
 

 
Restates a previous point without contributing new ideas. 
 

Off-topic Post is off-topic and/or contributes nothing substantive to the 
debate (i.e., "I agree with you."). 
 

  

I then scored each post for each critical thinking indicator, marking whether the indicator 

was or was not present in the post.  To reduce the threat to validity of possible researcher bias, 

the posts were not labeled as to which group they belonged to, in the coding spreadsheet. 

Coding post-debate interview results.  After transcribing the audio recordings of the 

post-debate interviews, I reviewed the transcripts using a grounded theory approach and 

identified themes and trends in the answers given by my participants to the open-ended 

questions.  After identifying appropriate categories for classifying participant answers to each 

question, I labeled each answer with the category that it best fit. 
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Inter-rater reliability.  After coding each of the above data sets, I trained a volunteer to 

be my second coder.  I provided my second coder with the category labels and descriptions for 

coding each data set described above.  After he coded each data set, I compared his codes with 

my codes to establish the inter-rater reliability, using percent agreement, as well as Cohen’s 

kappa as a coefficient of agreement (Cohen, 1988), for each data set.  My second coder and I 

then discussed all items for which there was disagreement between us on the assigned codes.  To 

settle disagreements, we each discussed our reasons for the codes we chose and together came to 

a consensus on which code to assign to the item. 

Data Analysis 

Data analysis consisted of 1) sequential analysis of discussion board posts from each 

group to identify patterns in post-response exchanges for each group, 2) comparison of mean 

numbers of responses elicited in specific dialogic pairings indicated by the sequential analysis to 

occur at higher or lower than expected frequencies, 3) comparison of mean numbers of indicators 

of critical thinking in the content of the posts, 4) comparison of mean cognitive load scores 

between groups, 5) review of post-debate interview transcripts to identify trends, and 6) review 

of a sample of screen recordings from participant sessions to identify trends. 

Discussion Analysis Tool (DAT) 

After coding the posts according to the event categories that describe the dialogic move of each 

post, I used the Discussion Analysis Tool (Jeong, 2005b, 2012) to perform sequential analysis 

(Bakeman & Gottman, 1997) on the posts.  The DAT is an Excel-based program that analyzes 

discussion data to compute frequencies of specific responses to each type of post, the transitional 

probabilities of each post-response pairing, and whether certain sequences occurred at 

frequencies that were significantly higher or lower than expected, indicating a pattern of 
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interaction.  The DAT then converts the transitional probabilities into a transitional state diagram 

to illustrate the observed interaction patterns.  To prepare the DAT for the analysis, I entered the 

codes representing the event categories (see Table 3.1) into the spreadsheet.  Figure 3.3 shows 

the event category codes from the present study as they appear after being entered into the DAT. 

 

 

Figure 3.3 List of event category codes in the Discussion Analysis Tool 
 
 

Next, I entered the coded data from the discussion into the DAT.  Figure 3.4 shows a 

portion of the data from the present study after I entered it into the DAT.  Each post is entered 

into the DAT on a separate line in the order in which the posts appear in the threaded discussion.  

The code for the event category of the post is entered in the first column.  The thread depth level 

of the post is entered in the second column.  Thread depth is indicated by the number of 

indentations of the post title, relative to the initial post in the thread (see Table 3.3).  I began the 

discussion with an initial post at a thread depth of 0, inviting participants to reply to this post 
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with their own initial arguments.  Posts that were direct replies to my initial post were labeled 

with a thread depth of 1.  Posts that were direct replies to another participant’s initial post were 

labeled with a thread depth of 2.  Thread depth continues to increment as additional replies are 

added to other replies and each additional reply becomes more deeply nested in the thread. 

 
Table 3.3 
 
Illustration of thread depth in a discussion forum index 

 
Post at Thread Depth 0 
 Post at Thread Depth 1 
  Post at Thread Depth 2 
 Post at Thread Depth 1 
  Post at Thread Depth 2 
 

 

Spatial relationships between posts can be determined by comparing the thread depths in 

the second column. For example, in Figure 3.4, the post labeled “ARG” in row one has a thread 

depth of one, indicating it is a direct reply to my initial seed post.  The post labeled “EXPL” in 

row two has a thread depth of two (one thread level deeper), indicating it is a direct reply to the 

post labeled “ARG” directly above it in row one.  The post labeled “BUT” in row three also has 

a thread depth of two.  Since it has the same thread depth as the post in the row immediately 

preceding it, it cannot be a reply to that post, but is instead another reply to the post labeled 

“ARG” in row one.  Further down the list, the post labeled “ARG” in row nine has a thread depth 

of one, indicating it is the first post in a new thread.  The relationship of any given post is 

determined by how its thread depth fits into the sequence of thread depths of the posts in the 

rows preceding it. 
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Figure 3.4 Codes and thread depth levels copied into the Discussion Analysis Tool 

 
After all of the discussion data has been entered, the DAT generates a frequency matrix.  

Figure 3.5 shows the frequency matrix computed by DAT for the experimental group of the 

present study.  The frequency matrix shows the number of posts of each type listed in the column 

headings that were generated in response to each type of post listed in the row headings.  

Frequencies in bold, green text are higher than expected (based on z-score tests described below), 

and frequencies that are lower than expected would be displayed in bold, underlined, red text.  

The “Givens” refer to the number of posts of the type in each row that were present in the data 

set.  For example, in the example shown in Figure 3.5, there were 31 “Argument” posts, 99  

“Challenge” posts, 70 “Explanation” posts, 9 “Evidence” posts, 33 “Evaluation” posts, and 0 
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Figure 3.5 Frequency matrix generated by the Discussion Analysis Tool 

 
 “Other” posts, for a total of 242 posts contributed by participants in the experimental group.  

Reading across the first row, the number of replies of each category to the 31 “Arguments” in the 

discussion are listed.  Specifically, the 31 “Arguments” posted in this discussion generated 0 

“Argument” responses, 56 “Challenge” responses, 51 “Explanation” responses, 5 “Evidence” 

responses, 15 “Evaluation” responses, and 0 “Other” responses, for a total of 127 replies.  There 

were 0 “Arguments” that received no replies.  Sixty-two percent of replies in the discussion were 

replies to “Arguments”, and “Arguments” represent 13% of the posts in the discussion. 

The DAT then converts the observed frequencies into relative frequencies to determine 

the transitional probabilities of posts of each type listed in the column headings occurring in 

response to posts of each type listed in the row headings.  Like in the frequency matrix, the 

transitional probabilities in bold, green text are higher than expected, and transitional 

probabilities that are lower than expected would be displayed in bold, underlined, red text.  

Figure 3.6 shows the transitional probability matrix computed by DAT for the experimental 

group of the present study.  Reading across the first row, the percentage of replies of each 
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category to the 31 “Arguments” in the discussion are listed.  Specifically, 0% of the replies to the 

31 “Arguments” posted in this discussion were “Argument” responses, 44% were “Challenge” 

responses, 40% were “Explanation” responses, 4% were “Evidence” responses, 12% were 

“Evaluation” responses, and 0% were “Other” responses, out of the 127 replies to the 31 given 

“Arguments”.  There were 0 “Arguments” that received no replies, yielding a 100% response 

rate to “Arguments.” 

 
 

 

 
 

 

 

 

 

 

Figure 3.6 Transitional probabilities generated by the Discussion Analysis Tool 

 
To determine if there is a pattern in the way participants respond to certain categories of 

posts in the data set, the DAT computes z-scores for each interaction to determine whether the 

transitional probabilities of posts of each type listed in the column headings occurring in 

response to posts of each type listed in the row headings are significantly higher or lower than 

expected.  Z-scores in bold, green text were higher than expected, and z-scores that are lower 

than expected from chance alone would be displayed in bold, underlined, red text.  Alpha < .05 is 

used to calculate the z-scores.  Figure 3.7 shows the z-scores matrix computed by the DAT for 
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the experimental group.  Transitional probabilities found to be higher or lower than expected 

indicate a significant interaction pattern between two types of posts. 

 
 

 
Figure 3.7 Z-scores generated by the Discussion Analysis Tool 

 
 

When significant interaction patterns are observed, the DAT is used to generate 

transitional state diagrams, which are visual diagrams of the observed interaction patterns.  Event 

categories are displayed as nodes with arrows between them to represent the percentage of posts 

of each type that generated responses of each of the other types.  Figure 3.8 shows the 

transitional state diagram from the experimental group.  Note that the width of each link is 

proportional to the strength of the transitional probability it represents. 
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Figure 3.8 Example transitional state diagram 
 
 

In the present study, a transitional state diagram was generated for the experimental 

group and another transitional state diagram was generated for the control group.  The two 

diagrams were viewed side-by-side and compared to draw implications from unique patterns 

observed in each group.  For example, patterns unique to the transitional state diagram for the 

experimental group reveal a higher than expected frequency of explanations to arguments, 

counter-challenges to challenges, and evaluations to evaluations. 

Finally, the DAT generates response scores for use in conducting an ANOVA or t-test to 

compare the means between groups.  The response scores represent the number of replies of each 

target post type elicited by each given post type among the interactions being examined. 



113 

Analysis of Critical Thinking 

Analysis of dialogic interactions.  I tested the response scores representing the number 

of replies of each target post type elicited by each given post type among the dialogic pairings 

the DAT identified as occurring with a higher or lower than expected frequency (i.e., mean 

number of challenges elicited in response to arguments, mean number of explanations elicited in 

response to arguments, mean number of challenges elicited in response to challenges, and mean 

number of evaluations elicited in response to evaluations) for normality using a Shapiro-Wilk 

test to determine if a 2 x 4 analysis of variance (ANOVA) would be appropriate for comparing 

the means between groups.  Since the results of the Shapiro-Wilk test indicated that the data was 

not normally distributed, I conducted Bonferroni-adjusted t-tests instead of an ANOVA to 

examine the effects of using descriptive post titles versus not using descriptive post titles on the 

mean numbers of responses elicited in each of four dialogic pairings being examined.  I used an 

experiment-wise rate of error of p < .05.  Assumptions of Student’s t-test include independence 

of samples and equal variances.  Welch’s t-test can be used when the data has unequal variances.  

Previous research has established that the t-test is robust against Type I and II error even with 

non-normal data, provided that the sample size is significantly large (i.e., sample size of at least 

20 in the smaller group), so normality is not considered a necessary assumption of the t-test 

(Glass & Hopkins, 1996; Glass, Peckham, & Sanders, 1972; Sawilowsky & Blair, 1992).  I 

tested for equality of variances using Levene’s test.  For the data sets where the results of 

Levene’s test indicated equal variances, I used Student’s t-test to compare the means, and for the 

data sets where the results of Levene’s test indicated unequal variances, I used Welch’s t-test to 

compare the means.  I used Bonferroni corrections to counter the increased risk of Type I error 
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that can occur by chance alone when making inferences from a series of statistical tests 

conducted simultaneously on the same data set (Glass & Hopkins, 1996). 

Content analysis of posts.  After coding the posts for positive indicators of critical 

thinking and indicators of inhibitors to critical thinking as described in the “coding content of 

posts” section above, I conducted a Chi-Square test to determine if there was a significant 

relationship between the observed positive indicators of critical thinking in the posts and the use 

of descriptive titles.  I also conducted a Chi-Square test to determine if there was a significant 

relationship between the observed indicators of inhibitors to critical thinking in the posts and the 

use of descriptive titles.  I used the results of the content analysis to provide additional 

information about the quality of critical thinking in the posts and to help explain findings from 

the analysis of dialogic interactions in the post. 

Number of evaluation posts produced.  Since evaluation is considered the highest level 

of critical thinking (Bloom, 1956; Facione, 1990; Greenlaw & DeLoach, 2003), I compared the 

mean number of evaluation posts produced per student between groups as a measure of critical 

thinking.   

Analysis of Cognitive Load 

 Physiological measures of cognitive load.  I computed a mean heat flux score for each 

participant by averaging all heat flux readings collected from the participant during the 

experiment.  There was a significant difference in mean heat flux scores between groups, so 

there was no need to normalize this measure.  Next, I computed a mean galvanic skin response 

(GSR) score for each participant by averaging all GSR readings collected from the participant 

during the experiment, and then normalized the GSR scores using maximum and minimum GSR 

values collected from each participant.  Finally, I computed a mean surface electromyography 
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(SEMG) score for each participant by averaging all SEMG readings collected from the 

participant during the experiment.  To eliminate differences attributable to individual anatomy, I 

used baseline data collected from each participant to compute a normalized SEMG score for each 

participant, as a percentage of the maximum SEMG reading collected from that participant. 

 To compute a composite cognitive load score for each participant, I normalized and 

summed their mean heat flux, mean galvanic skin response (GSR), and mean surface 

electromyography (SEMG) scores into one “cognitive load” score.  I conducted a t-test to 

compare mean composite cognitive load scores between participants in the experimental and 

control groups. 

 Self-rated estimates of mental effort.  Each participant completed a survey of mental 

effort at the end of session one and again at the end of session two.  The survey was adapted 

from a survey created by Paas (1992) which uses a 9-point Likert scale with labels assigned to 

each category ranging from very, very low mental effort (1) to very, very high mental effort (9).  I 

conducted t-tests to compare mean mental effort scores between participants in the experimental 

and control groups using the session one scores, and again using the session two scores. 

Review of Post-Debate Interview Data 

I reviewed data from the post-debate interviews to gain additional insights into the 

findings from the main analyses in this study.  Open-ended questions in the post-debate 

interview included the following: 

 How did you decide which posts to read? 

 How often did you go back and re-read posts you had previously read? 

 Did you try to read all of the posts in the discussion? 

 Did you find the debate difficult to follow? 
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 Did you feel that you remained emotionally objective throughout the debate? 

After coding the data as described in the “coding post-debate interview results” section 

above, I computed the percentages of specific responses given to specific questions in both the 

experimental and control groups.  I used the results of this analysis to help identify reasons for 

the findings from the main analyses of this study. 

Review of Screen Recordings 

I randomly chose five participants from the control group and five participants from the 

experimental group and reviewed screen recordings of their second session to gain additional 

insights into the findings from the main analyses in this study.  Specifically, I determined the 

reading pattern exhibited by each participant, as well as the percentage of time they spent reading 

versus the percentage of time they spent writing.  I used the results of this analysis to help 

identify reasons for some of the findings from the main analyses of this study. 

Post Hoc Data Analysis 

 Finally, I conducted post hoc tests to further explore patterns and findings that emerged 

from the main analyses of critical thinking and cognitive load in this study.  In particular, there 

were two secondary questions that emerged out of the primary findings which I decided to 

explore further: 

1. Is there a correlation between individual level of cognitive load experienced and 

individual critical thinking performance? 

2. How well did each individual physiological measure differentiate levels of cognitive 

load? 

Composite critical thinking score.  To determine if there is a correlation between 

individual level of cognitive load experienced and individual critical thinking performance, I first 
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created a composite critical thinking score for each participant based on a sum of the number of 

evaluation posts they produced and the number of positive indicators of critical thinking 

identified in their posts, minus the number of indicators of inhibitors to critical thinking 

identified in their posts. 

Correlation between cognitive load and critical thinking.  Using the composite critical 

thinking score for each participant and the composite cognitive load score for each participant, I 

calculated a Pearson product-moment correlation coefficient to assess the relationship between 

the level of cognitive load experienced by each participant and the level of critical thinking 

displayed in their posts. 

Physiological measures of cognitive load.  To determine if each individual 

physiological measurement in the composite cognitive load score was a significant contributor to 

the difference detected between the experimental and control groups, as well as to determine if 

normalization is beneficial for any of the measures, I conducted a series of five t-tests to compare 

mean scores on each physiological measure between participants in the experimental and control 

groups.  I used Bonferroni adjusted alpha levels of .01 per test (.05/5).  
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CHAPTER 4 

RESULTS 

Chapter Overview 

In this chapter, I present the results of this study in five sections: 1) critical thinking 

analysis, 2) cognitive load analysis, 3) post-debate interview analysis, 4) video analysis, and 5) 

post hoc data analysis.  In the first section of this chapter, I report the results of analysis of the 

discussion board posts produced by participants in the experimental and control groups.  This 

analysis consists of a comparison of the dialogic exchanges that occurred in both groups, as well 

as a qualitative analysis of indicators of critical thinking within the text of the posts in both 

groups.  In the second section of this chapter, I report the results of analysis of the measures of 

cognitive load collected from participants in both groups.  In the third section of this chapter, I 

report the results from my analysis of the post-debate interviews.  In the fourth section of this 

chapter, I report results from an exploratory analysis of a sample of the screen recording videos 

of the participant sessions.  In the fifth section of this chapter, I report the results of post hoc tests 

I performed in response to findings from the primary data analysis.  I used the Discussion 

Analysis Tool (DAT) for sequential analysis.  For all other statistical analyses I used SPSS 

version 22, with α = .05. 

Critical Thinking Results 

The discussion board posts produced by participants in the experimental and control 

groups were analyzed to answer the following research question: What effect do descriptive post 

titles have on critical thinking in a debate on an asynchronous threaded discussion board? 
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General Descriptive Statistics 

Twenty-eight participants in the experimental group contributed a total of 242 posts to 

the experimental group discussion.  Twenty-eight participants in the control group contributed a 

total of 287 posts to the control group discussion.  The majority of students met or exceeded the 

requirement to post a minimum of four posts in each session, for a total of eight posts.  In fact, 

the average number of posts contributed per participant was nine posts.  The average number of 

words per post in the experimental group was 118 words, whereas the average number of words 

per post in the control group was only 84 words (i.e., posts in the control group were 31% shorter 

in length than posts in the experimental group).  In the experimental group, 93% of posts were 

titled with a descriptive title.  Table 4.1 shows the breakdown of posts by event categories for 

both groups. 

 
Table 4.1 
 
Distribution of posts by event categories in experimental vs. control group  
 

  
Experimental (n = 242) 

 

 
Control (n = 287) 

 
Event Category 

 
Percentage (%) 
 

 
Count (n) 

 
Percentage (%) 

 
Count (n) 

 
Argument 

 
13% 

 
31 

 
10% 

 
 29 

 
Challenge 

 
41% 

 
99 

 
41% 
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Explanation 

 
29% 

 
70 

 
25% 

 
  71 

 
Evidence 

 
4% 

 
  9 

 
15% 

 
  44 

 
Evaluation 

 
14% 

 
33 

 
   5% 

 
  13 

 
Other 
 

 
0% 

 
  0 
 

 
   4% 

 
  12 
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Furthermore, there were 37 threads in the experimental group, ranging in thread depth 

from two to six, with an average thread length of 6.54 posts and an average thread depth of 2.95.  

There were 32 threads in the control group, ranging in thread depth from one to 14, with an 

average thread length of 8.97 posts and an average thread depth of 3.16.  Whereas the minimum 

thread depth in the experimental group was two, the control group contained 11 threads (34% of 

total threads in that group) with a depth of one, consisting of a solitary post with no replies.  I 

will refer to these threads as “orphaned threads.”  The thread with the depth of 14 contained 109 

posts, which represented 38% of all posts in the discussion.  I will refer to this thread as the 

“super-thread.”   

Since the super-thread, which is 1,215% longer than the average length of threads in the 

control group is clearly an outlier, it is informative to examine the control group statistics with 

the super-thread eliminated from consideration.  Without the super-thread, there are 31 threads in 

the control group, ranging in thread depth from one to eight, with an average thread length of 

5.56 posts and an average thread depth of 2.81. 

Reliability Measures 

Before conducting the primary analyses of the data, I calculated the inter-rater reliability 

of each set of data coded by myself and my second coder using percent agreement and Cohen’s 

kappa as a coefficient of agreement (Cohen, 1988).  The inter-rater reliability between myself 

and my second coder was 87% in agreement, with Cohen’s kappa = .862, on function categories 

of posts.  The inter-rater reliability between myself and my second coder was 86% in agreement, 

with Cohen’s kappa = .823, on indicators of critical thinking in posts.  The inter-rater reliability 

between myself and my second coder was 91% in agreement, with Cohen’s kappa = .820, on 

coding of post-debate interview answers.  According to the guidelines given by Landis and Koch 
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(1977), Cohen’s kappa coefficient values ranging from 0.81 to 1.0 indicate “almost perfect” 

agreement (p. 165).  The inter-rater reliability on all sets of data coded by myself and my second 

coder fall near the low end of the range of almost perfect agreement. 

Furthermore, I checked for participant compliance with the requirement that each post 

fulfill only one purpose (i.e., argument, challenge, explanation, evidence, or evaluation) by 

examining the posts that I had coded with a “secondary purpose” during data coding. Table 4.2 

shows the distribution of primary and secondary event categories among posts that were found to 

fulfill two purposes. 

 
Table 4.2 
 
Posts containing events in more than one category in experimental vs. control group  

 

 
Event Categories 

 

 
Experimental (n = 38) 

 
Control (n = 17) 

 
Primary 

 
Secondary 

 
Percentage (%) 
 

 
Count (n) 

 
Percentage (%) 

 
Count (n) 

 
Argument 

 
Explanation 
Evidence 

 
 10% 
 18% 

 
  4 
  7 

 
   6% 
 18% 

 
    1 
    3 

 
Challenge 

 
Explanation 
Evidence 

 
 21% 
 37% 

 
  8 
14 

 
 12% 
 41% 

 
    2 
    7 

 
Explanation 

 
Evidence 

 
 11% 

 
  4 

 
  0% 

 
    0 

 
Evidence 

 
Challenge 
Explanation 

 
  0%  
  3% 

 
  0 
  1 

 
 18% 
   6% 

 
    3 
    1 
 
 

 

Overall, I found that 16% of posts in the experimental group fulfilled a secondary 

purpose, whereas only 6% of posts in the control group fulfilled a secondary purpose.  In the 
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experimental group, I found that 11% of arguments, 22% of challenges, 4% of explanations, and 

1% of evidence posts contained a secondary event.  In the control group, I found that 4% 

arguments, 9% of challenges, and 4% of evidence contained a secondary category.   

Sequential Analysis  

After coding the posts according to the event categories that describe the dialogic move 

of each post, I entered each post’s event category and thread depth level into the Discussion 

Analysis Tool (DAT) to perform sequential analysis and identify patterns in post-response 

exchanges.  I used the DAT to generate a frequency matrix and transitional probabilities matrix 

for each group.  Figure 4.1 depicts the frequency matrix for the experimental group and Figure 

4.2 depicts the transitional probabilities matrix for the experimental group. 

 

 

 

 

 

 

 

 

Figure 4.1 Frequency matrix for experimental group 
 



123 

 

 

 

 

 

 

 

 

 

Figure 4.2 Transitional probabilities matrix for experimental group 
 

The frequency matrix for the experimental group identified a higher than expected 

frequency of explanations in response to arguments, counter-challenges in response to 

challenges, and evaluations in response to evaluations, based on a critical z-score of 1.96 and 

above at p < .05.  The transitional probability matrix indicates the specific response type that 

occurred in response to posts from a given event category.  Sixty-four percent of responses to 

challenges were challenges, 40% of responses to arguments were explanations, and 50% of 

responses to evaluations were evaluations, which was significantly higher than expected. 

In a similar manner, I examined the frequency matrix and transitional probabilities matrix 

for the control group to look for significant patterns of interactions.  The frequency matrix for the 

control group identified a lower than expected frequency of challenges in response to arguments 

based on a critical z-score of 1.96 and above at p < .05.  The transitional probability matrix 

indicates that 30% of responses to arguments were challenges, which was significantly lower 

than expected.  Furthermore, 29% of responses to evaluations were evaluations, which was 
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significantly higher than expected.  Figure 4.3 depicts the frequency matrix for the control group 

and Figure 4.4 depicts the transitional probabilities matrix for the control group. 

 

 

 

 

 

 

 

Figure 4.3 Frequency matrix for control group 
 
 
 

 
Figure 4.4 Transitional probabilities matrix for control group 

 

To further explore the patterns of interactions identified in the frequency matrices and 

transitional probabilities matrices, I used the DAT to generate transitional state diagrams for each 
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group.  Transitional state diagrams provide a visual diagram illustrating the observed interaction 

patterns.  Event categories are displayed as nodes with arrows between them representing the 

percentage of posts of each type that generated responses of each of the other types.  The size of 

the halo around each node represents the frequency of other types of posts.  The width of each 

link is proportional to the strength of the transitional probability it represents and interactions 

that were higher than expected are displayed as darker colored arrows.  Figures 4.5 and 4.6 show 

the transitional state diagrams for the experimental and control groups, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5 Transitional state diagram for experimental group 
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Figure 4.6 Transitional state diagram for control group 
 

 

Analysis of Dialogic Interactions 

Prior to conducting the analysis of dialogic interactions, in which I compared the mean 

number of replies of each target post type elicited by each given post type among the dialogic 

pairings identified by the DAT as having higher or lower than expected frequencies (i.e., 

challenges posted in response to arguments, explanations posted in response to arguments, 

challenges posted in response to challenges, and evaluations posted in response to evaluations), I 

tested the data for normality using a Shapiro-Wilk test to determine if a 2 x 4 analysis of variance 
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(ANOVA) would be appropriate.  Results of the Shapiro-Wilk test (S-W = .640, df = 383, p < 

.001) confirmed that the data did not have a normal distribution, so I instead conducted a series 

of four t-tests to compare the mean number of replies of each target post type elicited by each 

given post in the dialogic pairings being examined, using Bonferroni-adjusted alpha levels of 

.0125 per test (.05/4).  Table 4.3 shows the results of these t-tests.  The mean number of 

challenges posted in response to arguments and the mean number of explanations posted in 

response to arguments were both significantly higher in the experimental group than in the 

control group.  No other significant differences were found. 

 
Table 4.3 
 
Comparison of mean number of replies of each target post type elicited by each given post 

type among the dialogic pairings with higher or lower than expected frequencies   
 

Dialogic 
Pairing 

Experimental Control     

M SD M SD t df p Cohen’s d 

 
ARG 
BUT 
 

 
1.81 
 

 
1.58 

 
0.59 
 

 
0.946 

 
3.66 

 
50 

 
.001 

 
0.968 

ARG 
EXPL 
 

1.65 1.60 0.655 0.857 3.01 46 .004 0.775 

BUT 
BUT 
 

0.273 0.511 0.449 0.723 -2.097 209 .037 -0.281 

EVAL 
EVAL 
 

0.240 0.663 0.150 0.555 0.426 44 .672 0.147 

  

Content Analysis of Posts 

 After coding the posts for positive indicators of critical thinking (i.e., “Uses Cause & 

Effect Reasoning,” “Uses Logical Deduction,” “Synthesizes Multiple Posts,” and “Weighs 

Merits on Both Sides”) and indicators of inhibitors to critical thinking (i.e., “Redundant,” and 



128 

“Off-topic”) as described in the “coding content of posts” section in Chapter 3, I counted the 

frequencies of each indicator of critical thinking in each group.  Table 4.4 shows the frequencies 

of indicators of critical thinking in the experimental and control groups. 

 
Table 4.4 
 
Frequencies of indicators of critical thinking in experimental vs. control group 

 

  

Experimental (n = 242) 

 

Control (n = 287) 

Indicators Percentage (%) Count (n) Percentage (%) Count (n) 

 

Positive Indicators  

    

Cause & Effect 

Logical Deduction 

Synthesis of Posts 

Weighing Merits  

  35% 

  17% 

  11% 

    7% 

  85 

  40 

  26 

  17 

 

  13% 

    3% 

    3% 

    3% 

  37 

    9 

  10 

    9 

Negative Indicators     

Redundant Posts 

Off-Topic 

 

     2% 

  < 1% 

     4 

     1    

  12% 

    5% 

  34 

  13 

 

 I conducted a Chi Square test to determine if there was a significant relationship between 

the use of descriptive titles and the frequency of positive indicators of critical thinking in the 

posts.  Results of the Chi Square test indicate that positive indicators of critical thinking were 

significantly more likely to occur in the experimental group than the control group, χ² (1, N = 

529) = 73.5, p < .001.  I also conducted a Chi Square test to determine if there was a significant 

relationship between use of descriptive titles and indicators of inhibitors to critical thinking in the 
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posts.  Results of the Chi Square test indicate that indicators of inhibitors to critical thinking 

were significantly more likely to occur in the control group than the experimental group, χ² (1, N 

= 529) = 33.2, p < .001. 

 
Table 4.5 
 
Distribution of indicators of critical thinking by event categories 

 

  

Experimental (n = 242) 

 

Control (n = 287) 

 

Indicators 

A
R

G
 

B
U

T
 

E
X

P
L

 

E
V

ID
 

E
V

A
L

 

A
R

G
 

B
U

T
 

E
X

P
L

 

E
V

ID
 

E
V

A
L

 

 

Positive Indicators  

          

 

Cause & Effect 

Logical Deduction 

Synthesis of Posts 

Weighing Merits  

 

 11 

   8 

   0 

   0 

 

 26 

 13 

   3 

   0 

 

 36 

 14 

   6 

  2 

 

  3 

  1 

  0 

  0 

 

  9 

  4 

 17 

 15 

 

  3 

  0 

  1 

  1 

 

  7 

  3 

  0 

  0 

 

  6 

  3 

  0 

  0 

 

10 

  2 

  0 

  0 

 

  6 

  0 

  8 

  7 

 

Negative Indicators 

          

 

Redundant Posts 

*Off-Topic 

 

 

   0 

   0 

 

  1 

  0 

 

  2 

  0 

 

  0 

  0 

 

  1 

  0 

 

  5 

  0 

 

10 

  3 

 

11 

  1 

 

  1 

  0 

 

  0 

  0 

Note: Off-Topic posts did not fit into the primary event categories and are not depicted in the 
table.  There were 13 off-topic posts in the control group and 0 off-topic posts in the 
experimental group. 
 

  To help explain findings from the analysis of dialogic interactions, I examined the 

distribution of indicators of critical thinking by event categories (see Table 4.5).  Critical 
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thinking activities involving analysis (i.e., using cause & effect reasoning, using logical 

deduction) appear most frequently in challenge and explanation posts in the experimental group.  

Critical thinking activities involving synthesis and evaluation (i.e., synthesizing multiple posts, 

weighing merits on both sides) occur most frequently in evaluation posts in both groups. 

Number of Evaluation Posts Produced 

I conducted an unequal variance independent samples t-test to compare mean number of 

evaluation posts produced per student between the experimental and control groups.  Prior to 

conducting the t-test, I confirmed unequal variances using Levene’s test (F = 3.018, p = .088), so 

I adjusted the degrees of freedom from 54 to 44.  The results from the unequal variance 

independent samples t-test indicated that mean number of evaluation posts produced per student 

was significantly higher in the experimental group (M = 1.18, SD = .863) than in the control 

group (M = .46, SD = .508), t(44) = 3.775, p < .001. 

Cognitive Load Results 

Cognitive load data collected from participants in the experimental and control groups 

was analyzed to answer the following research question: What effect do descriptive post titles 

have on cognitive load in a debate on an asynchronous threaded discussion board? 

I conducted a series of three t-tests to compare the mean scores on several measures of cognitive 

load to test for statistically significant differences, using Bonferroni adjusted alpha levels of .017 

per test (.05/3).  Table 4.6 shows the results of these t-tests.  C.L. Score represents the composite 

cognitive load scores created from each participant’s electromyography percent of maximum, 

heat flux, and normalized galvanic skin response scores.  Survey 1 represents the self-rated 

estimate of mental effort administered to participants at the end of session one.  Survey 2 

represents the self-rated estimate of mental effort administered to participants at the end of 
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session two.  The composite cognitive load scores were significantly higher in the control group 

than in the experimental group.  No other significant differences were found. 

 

Table 4.6 
 
Comparison of mean scores on several subjective and objective measures of cognitive load 

in experimental vs. control group 
 

C.L. 
Measure 

Experimental Control     

M SD M SD t df p Cohen’s d 

 
C.L. 
Score 

 
205.49 

 
38.20 

 
290.49 

 
110.82 

 
-3.837 

 
33 

 
.001 

 
-1.03 

 
Survey 1 
 

 
6.29 
 

 
1.54 

 
5.50 
 

 
1.80 

 
1.76 

 
54 

 
.084 

 
0.472 

Survey 2 
 

6.11 1.17 6.11 1.47 0.487 54 1.000 0.000 

 

Post-Debate Interviews 

I conducted a post-debate interview with each participant (Appendix I) to gain contextual 

information to help identify reasons for the findings from the main analyses of this study.  The 

interview consisted of questions focused primarily on eliciting details about the participants’ 

reading behaviors during the discussion.  In addition, I asked participants in the experimental 

group if the descriptive post titles helped them form a mental picture of the discussion.  All 56 

participants in this study completed an interview and responded to all questions asked. 

To identify predominant reading patterns in each group, I asked participants to describe 

how they decided which posts to read.  Sixty-four percent of participants in the experimental 

group said that they used the post titles to choose which posts to read.  Comments about specific 

attributes of the post titles that participants said inclined them to read a post included, “I tried to 

determine which ones most likely contained more logical, evidence-based arguments, rather than 
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just someone's feelings or personal opinions,” “It was a combination of them catching my 

attention, as in being something I had an opinion on, and just being written informatively enough 

that I felt like I knew what it was about,” and “I would judge it based on the title of the post and 

how easy it was for me to understand.  If I could understand what they were trying to say from 

the title, I would pick that one, and if I was confused by the title, I wouldn't pick that one.”  Since 

the control group did not have the benefit of descriptive titles to scan, they tended to scan the 

posts instead, looking for ones they wanted to read in more depth.  The most commonly reported 

strategies reported by the control group were scanning for interesting posts (29%), scanning for 

dissenting opinions (14%), scanning all posts (14%), and reading from top to bottom (14%). 

To further explore potential differences in reading patterns between the experimental and 

control groups, I asked participants if they tried to read all of the posts in the discussion.  Only 

two of the 28 participants in the experimental group indicated that they tried to read all of the 

posts, whereas 12 of the 28 participants in the control group said they tried to read all of the 

posts.  One participant in the experimental group explained that he preferred to read one thread 

in depth, rather than try to read all of the posts in the discussion.  This participant stated, “No, I 

only read one or two threads, because when I was in one thread, I read it thoroughly, so I could 

get more of a feel for what everyone is debating and what everyone is discussing.  So I guess my 

answer to your question is no, I mostly stuck to one or two, but I read through them thoroughly, 

so I could fully grasp the concept of what everyone is talking about.” 

When asked, “Did you find the debate difficult to follow?” only 18% of the experimental 

group answered affirmatively, as opposed to 53% of the control group who said they found the 

debate difficult to follow.  Reasons given by participants in the control group included, “It was 

hard to tell what was replying to what and where new ideas were.  A lot of people were repeating 
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the same ideas that were said somewhere else,” “I found it relatively difficult to follow, because 

there were so many posts, and the replies to those posts, and those replies, and so it was scattered 

all over,” and “It would be confusing as to who was responding to who.” 

I also explored whether descriptive titles affected the frequency with which participants 

re-read posts they had already read.  Table 4.7 shows the frequencies with which participants in 

each group reported re-reading posts they had previously read. 

 
 
Table 4.7 
 
Frequency of re-reading posts in experimental vs. control group 

 

 
 
 
 
Group 

 
Frequency of Re-Reading a Post Participant has Previously Read 
 

 
Often 
 

 
Sometimes 

 
Never 

 
Experimental 

 
2 

 
19 

 
7 

 
Control 

 
6 

 
19 

 
3 
 

  

 The majority of participants in each group (68%) responded that they sometimes re-

read posts they had previously read.  Results of the Chi Square test do not indicate a 

significant relationship between descriptive titles and frequency of re-reading posts, χ² (1, 

N = 2) = 3.03, p = .220.  Although most participants in both groups reported sometimes re-

reading posts, there was a slight trend among the remaining respondents for those in the 

experimental group to be more likely to never re-read posts and those in the control group 

to be more likely to often re-read posts.   
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In further examining the responses of participants in both groups who reported 

sometimes re-reading posts, the reasons for re-reading posts appear to be different in each 

group (see Table 4.8).  In the control group, participants’ reported reasons for re-reading 

posts focused on the sense of confusion and disorientation they felt in the discussion.  In 

contrast, participants in the experimental group indicted they re-read posts for specific 

reasons related to composing additional posts, such as checking their earlier posts to see if 

anyone had left replies that needed rebutting, or referring back to another post in order to 

synthesize ideas from multiple posts into a new post. 

 

Table 4.8 
 
Reasons for re-reading posts in experimental vs. control group 

 

 
Group 

 
Reasons for Re-Reading Posts 
 

 
Experimental 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
“Once or twice when I was synthesizing my posts, I would go refer back to 
another post that gave me a good idea or an idea I agreed with, throw it in 
there, refer back to it.” 
 
“Actually out of curiosity, I went back to my own post to check people's 
perspective on my point to see if they're agreeing with my point, or if they 
find any flaws with my logic.” 
 
“In the first session, I didn’t really re-read much; I was more focused on 
replying to other people. But in the second session, I wanted to see 
responses to my posts - mostly I was looking for negatives so I could 
rebut.” 
 
“I liked to return to the posts that I already read to see what other people 
had said - if they disagreed or agreed with what I had previously said, or 
what other people agreed with.  It was nice to see peoples' reactions.” 
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Table 4.8 – continued 
 

 
Group 

 
Reasons for Re-Reading Posts 
 

 
Control 

 
“Frequently. It had a little bit to do with, it was a tad hard to keep my place 
in the debate, so I would have to go back.  And sometimes it was the first 
couple lines, and sometimes I just re-read it, if a couple people went in a 
circular argument, so I had to read it just to figure out what they were 
saying.  But more often than not, it was just because I was going back 
through to figure out where I was in the debate.” 
 
“Almost every time I went to the thread. Because I didn’t realize I had 
already read those posts. So many posts were very repetitive. It was 
difficult to tell if I had seen it already or not. So I would reread it just in 
case.” 
 
“Quite often, because you'd get confused as to who said what, when, in 
what post.” 
 
“A few times, just to get myself back into the swing of the discussion. To 
try to get myself into the discussion mode.” 
 

 

Patterns of emotional involvement in the debate were very similar in both the 

experimental and control groups.  Table 4.9 shows how participants from each group responded 

when I asked them if they became emotionally involved in the debate.  Results of the Chi Square 

test do not indicate a significant relationship between descriptive titles and degree of emotional 

involvement in the debate, χ² (1, N = 2) = 0.367, p = .832.  Therefore, it is reasonable to assume 

that the difference in mean cognitive load scores (aggregated from surface electromyography, 

galvanic skin response, and heat flux scores) between groups was a true measurement of the 

cognitive load being experienced by participants in each group, and not their emotional 

responses. 
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Table 4.9 
 
Degree of emotional involvement in the debate 

 

 
 
 
 
 
Group 
 

 
Degree of Emotional Involvement in the Debate 
 

 
No Emotional 
Involvement 

 
Low Emotional 
Involvement 

 
High Emotional 
Involvement 

 
Experimental 
 

 
  9 

 
13 

 
6 

Control 11 11 6 
 

 

Finally, the majority of participants in the experimental group (93%) reported that the 

descriptive post titles helped them to form and retain the overall structure of the debate in their 

minds.  Only two out of twenty-eight participants in the experimental group said that the 

descriptive post titles were not helpful.    Table 4.10 lists specific comments from participants in 

the experimental group describing ways that the descriptive titles were helpful to them.  Their 

comments indicated that the descriptive titles helped them surmise what a post was about before 

deciding whether or not to open and read the post, and sometimes even helped them anticipate 

what they would write about before they even opened and read the post. 
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Table 4.10 
 
Specific ways descriptive post titles were helpful to participants in the experimental group 

 

 
Ways Post Titles Were Helpful to Participants in the Experimental Group 
 

 
“The post titles helped me to decide what to read and to anticipate what to write.” 
 
“I thought that the descriptive titles were good to kind of give you an overview, so that you 
knew what to look for in reading a post, and just kind of gather a general idea of the argument 
and then think how to support or reject it, and so that structure kind of made things easy to 
identify from the outside which ones were going to be posts that you agreed with or disagreed 
with, or wanted to read more about, so that definitely influenced the things that I talked 
about.” 
 
 “Definitely, because what it allowed me to do, was I would see a main post, and then I would 
scan through the titles of the subsequent posts, and if I saw like, ‘Oh, I think you're right,’ or 
‘that’s correct,’ or ‘that’s right,’ it would just kind of tell me that I could just kind of scan that 
reply, it’s just an affirmation of the original statement, but if I saw ‘I don't think that’s right,’ 
or something that countered the previous topics, then that’s something I could read.  I think the 
title also allowed for quick acquisition of new counter and pro arguments from a lot of people, 
so I synthesized those in my responses much more rapidly.” 
 
“It definitely helped because it was almost a little summary sometimes, of what they were 
talking about.  Then I could follow it a little better, where they went, especially on the 
discussion tree.” 
 
“I was kind of using them as a map, like you take a throughway, because that helps with the 
timeline, to do it quickly enough, I thought. So I think, if [the titles] were well crafted, it made 
a very big difference in how other people answered them too, because it seemed like the ones 
where the title is very concise and gets the point across, I think it helped the flow.” 
 
“I think it was beneficial for making people think about what they're saying and kind of 
summarize it as one sentence, rather than it just being a mess of information.” 
  
“I would try to encompass my whole post in one phrase so people would understand what I 
was trying to say.” 
 
“It was very helpful. It was useful for identifying the starting point of that person's logic and in 
some cases it made it easier to identify right from the title where some things might have been 
missing or further steps to add on or contribute to their argument.”  
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Table 4.10 – continued 
 

 
Ways Post Titles Were Helpful to Participants in the Experimental Group 
 

  
“When I realized I couldn't read [the posts] all in the time given, the titles helped me to 
navigate which ones are for and against, and which ones are kind of off topic already, and so 
that kind of helped.” 
 
“Oh, yeah, I definitely think that [the post titles] helped. Mainly because there were some that 
were like, people posting, it was obviously more opinionated, not fact based, and you could 
usually tell that by the title, and so the ones that weren't really supported by facts, I didn't 
really look at them. Not as much anyways.” 
 
“It helps because it gave me a heads up as to what I was going to be reading about.” 
 
“I think that the post titles did help, because you were able to follow whatever the posts say, 
like, ‘this will probably be about this,’ and it gives you insight on what you're going to write.” 
 
 “I think that some of them helped, kind of, because they told you whether they were for or 
against it.” 
 
 “Yeah, definitely, each individual post. I guess also, I can tether it back to another question. 
That’s what got me to read certain posts. Each individual unique response, each unique title 
definitely helped me in choosing which thread I read, and how I thought about it.” 
 

 

Video Analysis 

I conducted an exploratory analysis of a sample of five screen recording videos from the 

experimental group and five screen recording videos from the control group.  In order to observe 

the reading and posting behavior of students under presumably higher cognitive load conditions, 

all videos that I reviewed were from the participant’s second session in the study.  I noted the 

reading strategy used by each participant, as well as the percent of time each participant spent on 

reading vs. writing.  I used results of this analysis to help explain findings from the primary 

analyses related to my research questions. 
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Reading Patterns 

 I observed two different reading patterns in the screen recordings that I reviewed.  All 

participants in the sample of videos from the control group that I reviewed appeared to use a 

strategy I will call “Top Down”.  In this strategy, the participant could be observed bringing up 

all posts on the screen at one time and scrolling slowly through the posts from the top post 

towards the bottom post.  They often scrolled at a rate where it is reasonable to assume they were 

skimming the content of the posts, and occasionally pausing, presumably to read a post in more 

depth, before resuming their scan through the remaining posts in a “Top Down” manner.  In 

addition to the participants in the control group who I observed using this strategy, one 

participant in the sample of screen recordings from the experimental group that I reviewed 

appeared to employ this same strategy and simply scanned through all of the posts from top to 

bottom instead of scanning through the index of post titles to choose specific posts to read. 

 Four of the participants in the sample of videos from the experimental group that I 

reviewed appeared to use a strategy I will call “Scan Titles.”  I observed each of these 

participants follow a pattern where they briefly scanned the index of post titles and then clicked 

on a post title which it is reasonable to assume caught their attention or interested them.  After 

clicking on the title to open the thread for reading, they appeared to read each post in that thread 

before initiating a reply to one of the posts in that thread and writing their response to it.  After 

posting their response, participants using the “Scan Titles” reading strategy would return back to 

the index of post titles and briefly scan through the posts titles to select the next thread they 

wished to open and read.  Participants using this strategy typically entered and read 4-5 specific 

threads during their 30 minute session and contributed replies in nearly every thread they read. 
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Time Spent Reading vs. Writing 

 Table 4.11 shows the amount of time spent reading vs. writing for each of the participants 

in the sample of screen recording videos that I reviewed.  Participants who employed a “Scan 

Titles” approach to reading the posts spent an average of 28% of their time reading posts and 

72% of their time writing posts.  Participants who employed a “Top Down” approach to reading 

the posts spent an average of 64% of their time reading and only 36% of their time writing posts.  

Results from an unequal variance independent samples t-test indicated that the mean number of 

minutes spent writing per student was significantly higher among those who employed a “Scan 

Titles” approach (M = 21.40, SD = 2.28) than among those who employed a “Top Down” 

approach (M = 10.79, SD = 2.87), t(8) = 6.16, p < .001. 

 
Table 4.11 
 
Time spent writing vs. time spent reading in experimental vs. control group  

 

 
 

Group 

 
Reading 
Strategy 

 
Time Spent Writing 

 
Time Spent Reading 

 
(Min:Sec) 

 
Percent 

 
(Min:Sec) 

 
Percent 

 
Experimental 
(n = 5) 

 
Scan Titles 
Scan Titles 
Scan Titles 
Scan Titles 
Top Down 
 

 
24:20 
22:00 
20:34 
19:12 
7:38 

 
81% 
73% 
69% 
64% 
25% 

 
5:40 
8:00 
9:26 
10:48 
22:22 

 
19% 
27% 
31% 
36% 
75% 

Control 
(n = 5) 

Top Down 
Top Down 
Top Down 
Top Down 
Top Down 
 

15:28 
12:52 
10:10 
9:35 
8:59 

52% 
43% 
34% 
32% 
29% 

14:32 
17:08 
19:50 
20:25 
21:01 

48% 
57% 
66% 
68% 
70% 
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Post Hoc Tests 

 I conducted several post hoc tests to further explore patterns and findings that emerged 

from the main analyses of critical thinking and cognitive load in this study.  In particular, there 

were two secondary questions that emerged out of the primary findings which I wished to 

explore further: 

1. Is there a correlation between individual level of cognitive load experienced and 

individual critical thinking performance? 

2. How well did each individual physiological measure differentiate levels of cognitive 

load? 

Post Hoc Critical Thinking Tests 

Composite critical thinking score.  To explore the relationship between an individual's 

level of cognitive load and the level of critical thinking demonstrated in their posts, I first created 

a Composite Critical Thinking Score for each participant.  I did this by adding the number of 

evaluation posts they produced with the number of times they displayed the following positive 

indicators of critical thinking in their posts: cause & effect reasoning, logical deduction, 

synthesis of multiple posts, and weighing the merits of both sides of the debate. I then subtracted 

the number of times they displayed the following indicators of inhibitors to critical thinking: 

redundant posts and off-topic posts. 

Correlation between cognitive load and critical thinking.  I ran a Pearson product-

moment correlation to determine the relationship between an individual's composite cognitive 

load score and their composite critical thinking score.  The data showed no violation of 

normality, linearity or homoscedasticity.  There was a strong, negative correlation between 
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cognitive load and critical thinking, which was statistically significant (r = -.446, n = 56, p 

=.001). 

Post Hoc Cognitive Load Tests 

Comparison of physiological measures of cognitive load.  To determine if each 

individual physiological measurement in the composite cognitive load score was a significant 

contributor to the difference detected between the experimental and control groups, as well as to 

determine if normalization is beneficial for any of the measures, I conducted a series of five t-

tests to compare mean scores on each physiological measure between participants in the 

experimental and control groups.  I used Bonferroni adjusted alpha levels of .01 per test (.05/5).  

Table 4.12 shows the results of these t-tests.   

 
Table 4.12 
 
Comparison of mean scores on several physiological measures of cognitive load in 

experimental vs. control group 
 

C.L. 
Measure 

Experimental Control     

M SD M SD t Df p Cohen’s d 

 
SEMG 
 

 
6.87 
 

 
3.92 

 
12.24 
 

 
11.50 

 
-2.34 

 
33 

 
.025 

 
0.625 

SEMG 
% Max 
 

6.00 2.90 12.52 9.85 -3.36 32 .002 0.625 

GSR 
 

0.284 0.350 0.182 0.212 1.321 54 .192 -0.353 

GSR 
Normal 

54.60 16.76 56.70 17.23 -0.462 54 .646 -0.124 

 
Heat 
Flux 
 

 
90.87 

 
16.06 

 
108.54 

 
22.92 

 
-3.34 

 
54 

 
.002 

 
0.893 
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There was no significant difference detected in mean surface electromyography (SEMG) 

scores between groups.  However, when SEMG scores are normalized to percent of maximum 

SEMG, to remove the effect of structural and physiological differences between participants, the 

mean SEMG percent of maximum scores are significantly higher in the control group than the 

experimental group.  There was no significant difference detected in mean galvanic skin 

response (GSR) scores between groups.  To determine if individual physiological differences 

accounted for the lack of a significant difference between groups, I normalized the GSR data 

using maximum and minimum GSR values collected from each participant.  However, there was 

still no significant difference detected in mean normalized galvanic skin response (GSR) scores 

between groups.  Mean heat flux scores were significantly higher in the control group than in the 

experimental group. 
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CHAPTER 5 

DISCUSSION 

Chapter Overview 

I begin this chapter with a brief summary of the purpose and research questions for the 

present study.  I discuss the critical thinking conclusions drawn from the findings of the study, 

along with the implications of those conclusions, and the cognitive load conclusions drawn from 

the findings of the study, along with the implications of those conclusions.  I then examine the 

results of the post-hoc analysis to achieve deeper insights into the above findings.  Finally, based 

on findings from this study, I identify the limitations of the study and my recommendations for 

future research. 

Research Questions in Context 

This study examined the effects that requiring students who are engaging in a debate on 

an asynchronous threaded discussion board to customize posts with descriptive titles, as a form 

of advance organizer, has on their cognitive load and level of critical thinking.  The study aimed 

to answer the following research questions: What effect do descriptive post titles have on critical 

thinking in a debate on an asynchronous threaded discussion board?  What effect do descriptive 

posts titles have on cognitive load in a debate on an asynchronous threaded discussion board?   

This is a timely topic of research, given that 21st century educators and employers 

frequently cite critical thinking as a key goal of higher education (Arend, 2009; Behar-

Horenstein & Niu, 2011; Butler, 2012; Facione, 1990; Greenlaw & DeLoach, 2003; Hart 

Research Associates, 2007, 2010, 2013; Ivie, 1998; Williams & Lahman, 2011) and the Online 

Learning Consortium reports that 32% of higher education students, totaling over 6.7 million 

students, are currently taking at least one course online (Allen & Seaman, 2013).  The present 
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study seeks to address the need to develop effective interventions to increase critical thinking in 

online courses, given the gap that currently exists between the desired proficiency in critical 

thinking and the actual proficiency in critical thinking of college students (ETS, 2012a, 2012b) 

and the steady growth of online courses as a means of obtaining a college degree (Allen & 

Seaman, 2013). 

Interpretation of Critical Thinking Results 

The present study addressed the following research question: What effect do descriptive 

post titles have on critical thinking in a debate on an asynchronous threaded discussion board?  It 

was hypothesized that descriptive post titles would increase critical thinking on the discussion 

board as a result of reducing cognitive load, by allowing learners to focus more mental resources 

on producing posts containing a higher level of critical thinking.  This hypothesis was strongly 

supported by the results of the study. 

Analysis of Dialogic Interactions 

The frequency matrices and transitional probability matrices generated by the DAT 

identified several transitional probabilities that were higher or lower than expected in both the 

experimental and control groups.  In the experimental group, 64% of responses to challenges 

were challenges, 40% of responses to arguments were explanations, and 50% of responses to 

evaluations were evaluations, all of which were significantly higher than expected.  In the control 

group, 30% of responses to arguments were challenges, which was significantly lower than 

expected, and 29% of responses to evaluations were evaluations, which was significantly higher 

than expected.  Further exploration of these patterns that emerged during sequential analysis 

revealed the following:  1) the mean number of challenges posted in response to arguments was 

significantly higher in the experimental group than in the control group; 2) the mean number of 
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explanations posted in response to arguments was significantly higher in the experimental group 

than in the control group; 3) there was no significant difference in the mean number of 

challenges posted in response to challenges between the experimental and control group; and 

there was no significant difference in the mean number of evaluations posted in response to 

evaluations between the experimental and control group. 

 In particular, the higher number of challenges and explanations posted in response to 

arguments in the experimental group suggest greater critical thinking in the experimental group, 

based on previous research linking these interactions to critical thinking (Brooks & Jeong, 2006; 

Jeong, 2001, 2003).  This supports the hypothesis that descriptive post titles increase critical 

thinking on the discussion board.  The implication of this finding is that descriptive titles might 

help engage students in responding to more arguments, generating more debate in the discussion, 

so students should be encouraged to include descriptive titles with their posts. 

In contrast, the lack of significant difference between the number of challenges posted in 

response to challenges between the experimental and control group does not appear to support 

this hypothesis, since this interaction has been linked to critical thinking in previous studies 

(Brooks & Jeong, 2006; Jeong, 2001, 2003).  One interpretation of this finding, however, is that, 

although conflict can encourage critical thinking (Bhaktain, 1981), conflict alone may not ensure 

critical thinking.  The implication is that the control group may have engaged in as much conflict 

as the experimental group, in the form of producing counter-challenges to challenges, without a 

corresponding increase in critical thinking.  Not all argument and conflict results in productive 

development of ideas.  For example, Binder (2014) describes how Congress can become 

dysfunctional when the parties and chambers are more polarized – the level of conflict is still 

high, but “bargaining is more difficult and compromise is more frequently out of reach (p. 713).”  
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Some of the highest levels of critical thinking require synthesis of ideas, such as being able to 

weigh arguments on both sides of an issue.  Nussbaum and Schraw (2007) caution that 

“Effective argumentation involves not only considering counterarguments but also evaluating, 

weighing, and combining the arguments and counterarguments into support for an overall final 

position (p. 60).”  Content analysis of the posts showed that the experimental group was more 

than twice as likely to weigh arguments on both sides of the topic being debated than the control 

group was, and more than three times as likely to synthesize multiple posts.  In light of this, one 

interpretation of the lack of significant difference between the number of challenges posted in 

response to challenges between the experimental and control group is that the level of conflict 

was equally high in both groups, but the conflict did not appear to produce higher levels of 

critical thinking in the control group.  Under this interpretation, the hypothesis could still be 

supported, since other measures (e.g., number of challenges posted in reply to arguments, 

number of explanations posted in reply to arguments, number of evaluations posted per student, 

indicators of critical thinking in the content) demonstrate that the descriptive titles led to a higher 

level of critical thinking in the experimental group, while the similar mean numbers of counter-

challenges to challenges in both groups was only an indication that the level of conflict in both 

groups was similar, and not an indicator of the level of critical thinking in each group. 

Critical Thinking in the Content 

The content analysis I performed on the discussion board posts included counting the 

number of times participants in each group synthesized two or more posts, or weighed the merits 

of both sides of the argument.  In addition, I counted the number of times participants used cause 

and effect reasoning or logical deduction.  These positive indicators of critical thinking occurred 

significantly more frequently in the experimental group than in the control group.  Conversely, 



148 

indicators of inhibitors to critical thinking, such as redundant posts and off-topic posts occurred 

significantly more frequently in the control group than in the experimental group.  This supports 

the hypothesis that descriptive post titles increase critical thinking on the discussion board. 

To determine if there was any relationship between indicators of critical thinking found 

in the content of the posts, and the higher than expected frequencies and transitional probabilities 

identified for certain dialogic pairings, I examined the distribution of indicators of critical 

thinking by event categories (see Table 4.5).  Critical thinking activities involving analysis (i.e., 

using cause & effect reasoning, using logical deduction) appear most frequently in challenge and 

explanation posts in the experimental group.  Critical thinking activities involving synthesis and 

evaluation (i.e., synthesizing multiple posts, weighing merits on both sides) occur most 

frequently in evaluation posts in both groups.  Some of these patterns appear similar to patterns 

of interactions that were identified as significant in the sequential analysis of the posts, such as 

the increased number of challenges and explanations posted in response to arguments.  Overall, 

these findings lend further support for the hypothesis that descriptive post titles increase critical 

thinking on the discussion board. 

Number of Evaluation Posts Produced 

The mean number of evaluation posts produced per student in the experimental group 

was significantly higher than in the control group.  Since evaluation is generally considered the 

highest level of critical thinking (Bloom, 1956; Facione, 1990; Greenlaw & DeLoach, 2003), this 

finding also supports the hypothesis that descriptive post titles increase critical thinking on the 

discussion board.  The implication of this finding is that students should be encouraged to engage 

in evaluation activities in their online discussion, including writing posts that evaluate arguments 

presented by both sides during a debate. 
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Interpretation of Cognitive Load Results 

The present study also addressed the following research question: What effect do 

descriptive posts titles have on cognitive load in a debate on an asynchronous threaded 

discussion board?  I had hypothesized that descriptive post titles would decrease cognitive load 

on the discussion board by acting as an advance organizer and signaling learners to the main 

point of each post prior to opening and reading each post.  This hypothesis was supported by 

some key results of the study as described below. 

Composite Cognitive Load Score 

 The mean composite cognitive load scores, created from an aggregate of each 

participant’s heat flux, surface electromyography (SEMG), and galvanic skin response (GSR) 

scores, were significantly higher in the control group than the experimental group, with a large 

effect size (d = -1.03).  This supports the hypothesis that descriptive post titles decreased 

cognitive load on the discussion board.  One of the implications of this finding is that the 

physiological measures used in this study are very good at distinguishing between levels of 

cognitive load. 

Self-Report of Mental Effort 

 I used a self-report of mental effort to measure cognitive load at the end of the first 

session and again at the end of the second session with each participant.  No significant 

difference was found in the self-reported mental effort scores between groups.  Because the 

physiological measures were very accurate in distinguishing high cognitive load in the control 

group vs. low cognitive load in the experimental group, I had presumed that there would be a 

significant difference in cognitive load between the groups, but that the self-report of mental 

effort instrument failed to accurately detect the difference in cognitive load. 
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 One possible reason for this finding is that a self-report of mental effort is subjective and 

it may not have been clear to participants what they were supposed to be estimating.  Based on 

questions that some participants asked me, it seemed that perhaps they were not sure if the 

question on the survey was asking them about the intrinsic difficulty level of the task or about 

how hard they tried to complete the task.  Also, the question required participants to be 

introspective about their cognitive processes, which not all participants may have been 

comfortable with or able to accurately estimate. 

Another possible reason for this finding is that a person’s ego might influence how they 

answer a question that asks them to “describe the mental effort you invested in following the 

debate on the discussion board.”  Participants might avoid answering “very, very low mental 

effort,” “very low mental effort,” or “low mental effort” out of a concern for not wanting to 

appear as though they were not trying.  Similarly, they may have avoided answering “high 

mental effort,” “very high mental effort,” or “very, very high mental effort” out of a desire to not 

appear as though they are less intelligent or struggling with the task. 

A further potential reason for this finding is that each participant was assigned to only 

one condition, so they had no other task or condition to compare their assigned condition to 

when estimating the amount of mental effort they expended on the task.  Participants in a 

repeated measures crossover experiment, for example, would have a basis for comparison 

between conditions, since all participants would experience both conditions, and each 

participant’s self-estimates of mental effort might vary according to how they feel the two 

conditions compare.  However, in the present study, participants have no other condition to 

which to compare their assigned condition and that may have been reflected in the way that they 

rated the amount of mental effort they expended in following the discussion. 
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Finally, yet another possible explanation for this finding is that physiological 

measurements may be specifically measuring extraneous cognitive load.  The self-rated estimate 

of mental effort used in the present experiment may have been measuring a composite of 

extraneous cognitive load and germane effort, possibly due to participants’ difficulty in 

separating the two constructs in their own understanding and estimate of their mental processes.  

The implication of this finding is that the Mental Effort Survey used in this study may not be a 

valid or reliable instrument for measuring cognitive load. 

Qualitative Findings from Interviews and Videos 

  The qualitative findings of the study also suggest that by acting as an advance organizer, 

descriptive titles may reduce the disorientation often experienced by learners in asynchronous 

threaded discussions.  Reading patterns identified in both the post-debate interviews and in the 

videos suggested that disorientation in the control group contributed to a higher level of 

cognitive load and a lower level of critical thinking.  The majority (64%) of participants in the 

experimental group said they used the post titles to decide which threads to read.  It was 

observed in the videos that those who used the post titles to decide which threads to read, spent 

significantly less time reading posts and significantly more time writing posts.  Conversely, those 

who did not have the benefit of post titles or who chose not to use them, spent significantly more 

time reading posts than writing posts, and the most common reading strategies they used 

involved reading all of the posts systematically in a Top Down manner, or skimming the posts 

until finding one that seems interesting and then reading it in more depth.  These findings lend 

support to both hypotheses – that descriptive titles reduce cognitive load, and that they increase 

critical thinking.  Control group participants reported more feelings of disorientation, such as “I 

re-read posts almost every time I went to the thread, because I didn’t realize I had already read 
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those posts.  So many posts were very repetitive.  It was difficult to tell if I had seen it already or 

not.  So I would reread it just in case.”  It is reasonable to assume that with the extra times spent 

by participants in the control group re-orienting themselves to the discussion when they returned 

to it after a break, less time was available to them for engaging in critical thinking when 

contributing their posts to the discussion.  The videos seem to confirm this, as it can be observed 

on the videos that control group participants spent approximately half as much time writing as 

experimental group participants.  The implication of this finding is that students should be 

encouraged to post messages with descriptive titles and use the forum index displaying the 

descriptive titles as an advance organizer to orient themselves to the discussion and to selectively 

choose which posts to read, so they can devote more time to generating posts containing a higher 

level of critical thinking. 

Interpretation of Post Hoc Data Analyses 

Correlation between Cognitive Load and Critical Thinking 

The significant, negative Pearson product-moment correlation between cognitive load 

and critical thinking ties all of the findings together, suggesting that the reduction in cognitive 

load is directly related to an increase in critical thinking across participants.  This correlation has 

a large effect size (r = -.446).  This supports both hypotheses and suggests that the reduction in 

cognitive load from the post titles functioning as an advance organizer is freeing up mental 

resources that are being used to produce posts with a higher level of critical thinking in the 

experimental group. 

Comparison of Physiological Measures of Cognitive Load 

I examined each physiological measure of cognitive load separately, to determine which 

physiological measurements in the composite cognitive load score were the most significant 
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contributors to the difference detected between the experimental and control groups, as well as to 

determine if normalization is beneficial for any of the measures.  Heat flux was found to be 

significantly higher in the control group than the experimental group, with a large effect size.  

Mean surface electromyography (SEMG) scores were higher in the control group than the 

experimental group, but the difference was not significant.  Because SEMG can vary widely 

among participants due to differences in facial architecture, I used baseline data collected from 

each participant to normalize SEMG as a percentage of each individual’s maximum voluntary 

contraction (MVC) score.  After the SEMG scores were normalized, mean SEMG percent of 

max scores were significantly higher in the control group than the experimental group, with a 

medium effect size.  Initially, there was no significant difference in mean galvanic skin response 

(GSR) scores between groups, and the mean scores were actually slightly higher in the 

experimental group than the control group.  Previous research has shown that raw galvanic skin 

response values tend to vary so significantly from one subject to another that no significant 

results can be obtained from the raw data without applying a normalization to the data to scale 

the results of all subjects to the same range (Nourbakhsh et al., 2012).  Using minimum and 

maximum GSR scores for each participant, I normalized the GSR scores of all participants and 

again compared the mean scores between groups.  Mean normalized GSR scores were still not 

significantly different between groups; however, with normalization, the mean GSR scores were 

now slightly higher in the control group than in the experimental group.  Because mean heat flux 

and mean electromyography percent of max were both significantly higher in the control group, 

they are presumed to be the most accurate of the physiological measures tested in distinguishing 

between high and low cognitive load levels.  Because the GSR scores, after normalization, were 

slightly being higher in the control group, although not to a statistically significant extent, it is 
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reasonable to assume the GSR scores did not harm the composite cognitive load scores, although 

they may not have done much to contribute to the effectiveness of the composite cognitive load 

scores at distinguishing between high and low cognitive load conditions.  Overall, these findings 

appear to support the hypothesis that descriptive post titles reduce cognitive load, since the 

majority of the physiological measures accurately distinguished between high and low cognitive 

load conditions.   The implications of these findings are that heat flux and electromyography are 

good measures of cognitive load, which I would recommend using in future studies, whereas 

galvanic skin response was not as good a measure and I would not recommend it for measuring 

cognitive load. 

Implications for Design and Facilitation of Discussion Boards 

One potential application of the findings of this study would be for learning management 

systems to display a blank title field by default when a learner composes a new post or a reply, 

and requiring the learner to enter a unique title for each post before allowing them to submit the 

post to the discussion.  At the same time, learning management systems will need to ensure that 

the maximum number of characters allowed in a subject heading is sufficient for posting 

descriptive titles.  In addition, the learning management system could automatically pull the 

topic sentence of each post into the “subject” or “title” field as the default for each post.  

Students could then choose to leave the title as the first line of their post or edit the title to give it 

a custom title that they feel better captures the main idea of their post. 

Also, based on the findings of this study, I would recommend the following as best 

practices for discussions in online courses: 

1. Train students to identify and summarize the main idea of their post, by providing 

examples of descriptive post titles. 
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2. Require students to state the main idea of their post in the post’s title, so that the 

forum index can serve as an advance organizer. 

3. To help facilitate higher level critical thinking activities such as synthesis, create an 

event category called “Synthesis,” that requires students to synthesize multiple ideas 

within one post. 

4. To help facilitate the highest level of critical thinking, evaluation, create an event 

category called “Evaluation,” that requires students to evaluate an argument by 

synthesizing previous challenges and counter-challenges made to that argument, and 

by weighing evidence presented by both sides to determine the merits of each side. 

Cognitive Load Implications 

Based on the findings of the present study, I would recommend using physiological 

metrics to measure cognitive load in future research studies.  In particular, I would recommend 

using surface electromyography (SEMG) normalized to percent of maximum, along with heat 

flux, due to their accuracy in this study at distinguishing between high and low cognitive load 

conditions, as well as their large and medium effect sizes, respectively.  I also recommend 

aggregating the scores into a composite cognitive load score since the composite cognitive load 

score used in this study was accurate at distinguishing between high and low cognitive load 

conditions and had a large effect size. 

I would not recommend using the one-question mental effort survey from this study, 

because it was not accurate in distinguishing between high and low cognitive load conditions.  

However, in the “Directions for Future Research” section, I have made some recommendations 

for future studies to design a multi-question instrument to measure different dimensions of 

cognitive load and perhaps obtain a more accurate self-estimate from participants.  Any such 
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instrument that is designed could be tested and validated against the physiological measures of 

cognitive load that were shown in this study to be accurate in distinguishing between high and 

low cognitive load conditions. 

Limitations and Directions for Future Research 

Generalizability 

A frequent criticism of research on asynchronous threaded discussions is that most 

studies to date have primarily used graduate students and education majors as subjects (Maurino, 

2006).  In an effort to produce results that will generalize to a wide range of learners and settings, 

the present study included both undergraduate and graduate students, as well as students from a 

variety of majors and academic disciplines.  However, the results of this study may not 

generalize to other settings, such as K-12 educational settings, or universities located in other 

regions of the country or in other countries.  This study should be repeated in other settings with 

other populations to determine if the results still apply in those settings and populations. 

Furthermore, care must be taken when generalizing the results of this study to students in 

actual online courses, because the present study took place outside of an actual course, using 

volunteers who agreed to participate in an online debate on campus in the physical presence of 

the researcher.  The decision to conduct the study in this manner was made because it would not 

have been possible to collect physiological measures of cognitive load from actual distance 

learning students participating from a range of locations.  Although the study was designed to 

replicate, as closely as possible, a debate that would take place in an online course, some 

confounding variables may have been introduced due to differences between a simulated debate 

and one that occurs as a requirement in an online class.  Future research should be conducted in 

actual online courses to confirm that descriptive post titles, as a form of advance organizer, still 
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increase critical thinking in actual online courses.  Because a correlation was established in this 

study between a reduction in cognitive load and a corresponding increase in critical thinking 

resulting from the descriptive post titles functioning as an advance organizer, it may be possible 

to omit cognitive load measurements in future studies and focus only on measuring critical 

thinking, assuming that any observed increases in critical thinking are due to corresponding 

reductions in cognitive load.  This assumption might allow researchers to replicate this study in 

an actual online course where it may not be practical to collect physiological measurements to 

confirm levels of cognitive load 

Finally, another limitation in the generalizability of the findings produced in this study is 

that the asynchronous threaded discussion that was analyzed consisted of: 1) a debate on a 

controversial topic, and 2) a debate where students were instructed to restrict each posting to one 

of four given response categories.  Because conflict by its nature tends to encourage more critical 

thinking (Bakhtin, 1981; Frijters et al., 2008; Jeong, 2001, 2003), the results of this study may 

not generalize to other asynchronous threaded discussions that do not involve debate or do not 

have such controversial topics of discussion.  This study should be repeated in other types of 

discussions (using other types of response categories) to determine if the results transfer to 

different types of discussions.  Future studies could also explore how increases in critical 

thinking help to improve other learning outcomes such decision making or problem solving. 

Limitations of Sequential Analysis 

The frequency matrices and transitional probability matrices generated by the Discussion 

Analysis Tool (DAT) can be helpful in identifying specific patterns of dialogic interactions that 

may be worth exploring further to determine if they are significant.  However, a higher or lower 

than expected frequency of a specific dialogic interaction does not always correspond to a 
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significant difference in the mean number of occurrences of that specific dialogic interaction 

between groups.  For example, the higher mean number of challenges posted in response to 

arguments in the experimental group corresponds to the lower than expected frequency of 

challenges posted in response to arguments in the control group.  Similarly, the higher mean 

number of explanations posted in response to arguments in the experimental group corresponds 

to the higher than expected frequency of explanations posted in response to arguments in the 

experimental group.  However, the other two patterns identified by the DAT did not correspond 

to a higher mean numbers of replies of the target post type in the pairing elicited by each post of 

the given post type in the pairing. 

One possible reason that an increased frequency of a specific dialogic pairing does not 

always correspond to an increased mean number of occurrences of that specific dialogic 

interaction between groups is because the frequencies reported by the DAT do not take into 

account the number of posts of the given type that received no replies.  In the present study, this 

was likely the case with evaluations posted in response to evaluations.  Most of the time an 

evaluation was posted as a summative post at the end of a thread.  In that case, the evaluation 

will typically not receive any responses.  However, when two participants decided to evaluate the 

same thread, the second participant would often add their evaluation to the end of the thread, in 

effect making it a reply to the originally posted evaluation.  Similarly, although the transitional 

probability matrix indicated that the frequency of challenges posted in reply to challenges was 

higher than expected in the experimental group, there was no difference between groups in the 

mean number of challenges posted in response to challenges.  This is also likely due to a high 

number of challenge posts that received no reply.  While sequential analysis can be useful to 

identify possible patterns, it is important to conduct follow-up tests to confirm or rule out a 
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possible significant finding.  I also recommend that conducting a content analysis to examine the 

content of the posts in addition to an analysis of dialogic interactions, to obtain additional 

information that can be triangulated with the results of an analysis of dialogic interactions. 

In addition, sequential analysis requires that each post contain only one primary function.  

To accommodate this, participants in this study were asked to state only one main idea per post 

and to ensure their post fulfilled only one function.  It is possible that having to break up more 

complex ideas into a series of posts could have created additional extraneous cognitive load.  

However, this same constraint applied to both the experimental and control group, so any 

additional cognitive load created by this requirement would have affected participants in both 

groups, reducing the chance that it was a confounding factor.  However, I would still recommend 

conducting future studies without the requirement to limit each post to only one main idea.  

Instead of using sequential analysis, which requires each post to be classified according to one 

function, the data from such a study could be analyzed using a grounded theory approach to 

identify and compare indicators of critical thinking within students’ posts. 

Limitations of Physiological Measures of Cognitive Load 

Galvanic skin response (GSR) varies in relation to the skin’s moisture level from 

sweating (Nourbakhsh et al., 2012), so if a participant arrived for their research study session 

immediately after exercising or even walking across campus, their GSR levels could be 

measuring a higher skin conductance rate due to sweating from physical activity, rather than 

from cognitive load.  This may have been a confounding factor with this particular metric 

because many participants in the study reported that they had walked from the opposite end of 

campus to get to their appointment for this study.  Heat flux and electromyography did not seem 

to be affected by this. 
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Although level of emotional involvement was confirmed to not be a significant factor in 

this study, other researchers have indicated that many physiological measures can be used both 

to measure cognitive processes and emotional processes.  To eliminate this as a potentially 

confounding facture, future studies could use far infrared to measure hemoencephalography as a 

measure of cognitive load, since hemoencephalography is able to differentiate between cognitive 

processes and emotional response (Serra-Sala 

, Timoneda-Gallart, & Perez-Alvarez, 2012). 

Need for Composite Cognitive Load Survey 

The Mental Effort Survey used in this study was not an accurate predictor of cognitive 

load for several reasons discussed in the “Self-Report of Mental Effort” section above.  One 

recommendation for future research would be to develop a “composite cognitive load” survey in 

place of a single-question estimate of self-reported mental effort.  Such a survey could be 

designed to ask questions focused on specific behaviors that might be more challenging under 

conditions of high cognitive load.  Possible questions that could be incorporated into such a 

survey include the following: 

 How challenging was it to visualize the overall structure of the discussion in 

your mind? 

 How challenging was it to follow the flow of ideas being expressed in the 

threads that you read? 

 How challenging was it to maintain a steady flow of thoughts and ideas when 

you wrote your posts? 

In order to test and validate such a “composite cognitive load” survey, physiological metrics that 

were demonstrated in the present study to be reliable indicators of cognitive load could also be 
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measured and the survey could then be tested for its correlation with the measures of cognitive 

load obtained using physiological metrics in order to validate the survey. 

Conclusion 

In conclusion, the results of this study strongly supported both hypotheses – that 

descriptive post titles reduce cognitive load and that descriptive post titles increase critical 

thinking.  Specifically, participants in the experimental group demonstrated a higher level of 

critical thinking by responding more frequently to arguments with challenges, responding more 

frequently to arguments with explanations, engaging in application and synthesis of ideas (as 

observed in the content analysis of posts), and producing more evaluation posts.  Physiological 

measure were found to be the most effective in measuring cognitive load, especially heat flux 

and surface electromyography (SEMG).  Finally, tying all of the findings together, a significant 

correlation was found between individual level of cognitive load and individual attainment of 

critical thinking, suggesting that the reduction in cognitive load is the reason why descriptive 

titles can help to increase critical thinking in online debates and with large effect size.  The 

significance of these findings is that simple changes in discussion forum interface and online 

discussion protocols can help students produce and perhaps develop higher levels of critical 

thinking in asynchronous discussions in online classes, thus better preparing graduates with the 

skills they will need to be effective employees and members of society. 
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APPENDIX A 

IRB APPROVAL MEMO 
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APPENDIX B 

INFORMED CONSENT FORM 

You are invited to participate in a research study that involves participating in an online 

debate in BlackBoard.  I, Karen Hand, am a Ph.D. candidate in Instructional Systems in the 

Department of Educational Psychology and Learning Systems at the Florida State University.  I 

am conducting this study under the supervision of Dr. Allan Jeong. 

The Objective of the Study 

 The purpose of this study is to investigate the impact of instructional strategies on critical 

thinking on discussion boards of online classrooms. 

Procedures 

 To participate in this study, you will be asked to do the following: First, to apply for the 

study you will complete a survey, which will collect demographic information including your 

name, date of birth, major, year in school, information about your previous experience with 

online discussions, and your position on several political issues.  Next, if you are chosen to 

participate in the study, you will attend two one-hour sessions in which you will complete 

various tasks such as the following: participate in an online debate in BlackBoard; wear non-

invasive sensors (BodyMedia SenseWear armband and Biograph Infiniti electrodes) to collect 

biometric data; complete surveys about your experience, and participate in an interview of your 

experience with the experiment.   In addition to the surveys you will complete and the posts you 

will contribute to the discussion, a screen recording will be made of your two computer sessions.  

No one other than myself and my research team will have access to the BlackBoard classroom 

where you post in the debate, the surveys you take, the audio recordings of your interview, or the 
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video screen recordings of your computer sessions.  No other personal information about you 

will be collected and used for conducting this study. 

Risk and Benefits of Being in the Study 

This study has no identifiable health or safety risks to participants.  Regardless, you may 

stop your participation and withdraw from the study at any time without penalty and without 

affecting your current or future relationship with the university. 

Benefits include the possibility that you may gain new knowledge and understanding of 

the topic being discussed in the debate, through your own research conducted on the topic during 

the study and through the resources, knowledge, and opinions on the topic shared by other 

participants in the course of the online debate.  If selected to participate in the two one-hour 

sessions, you will also be paid $40 upon full completion of the second one-hour session, to 

compensate you for your time.  There is no other direct benefit to you for participating in the 

study.  However, this study will provide researchers with valuable data on strategies used to 

increases critical thinking in online discussions, which could lead to the establishment of best 

practices for conducting discussions online.  This could help improve the quality of online 

courses and lead to improved learning outcomes for future distance learning students. 

Confidentiality 

If you participate in this study, you will be asked to take part in an online debate on a 

controversial topic.  It is possible that some of your individual responses in the discussions may 

be reported to provide qualitative descriptions and explanations for given findings.  However, 

your identity will be kept confidential to the extent allowed by law.  Any of your reported 

answers will be identified by a subject code number so that your name will not appear in any 
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reports of the results of the study.  Any personally identifying information collected during the 

study will be redacted or destroyed upon completion of the analysis of the data. 

Voluntary Nature of this Study 

Your participation in this study is totally voluntary and you can decide not to participate 

in the study without prejudice, penalty or loss of benefits to which you are otherwise entitled as a 

student at FSU.  Once you begin participating in the study, you may still stop and withdraw from 

participation at any time.  Your consent may be withdrawn at any time without prejudice, penalty 

or loss of benefits to which you are otherwise entitled as a student at FSU.  You have the right to 

ask and have answered any inquiry concerning the study. 

Any concerns or questions about your rights in regards to your participation in this 

research study can be directed to Karen Hand (Primary Investigator), Florida State University, 

Department of Educational Psychology and Learning Systems, (***) ***-****, 

*****@**.***.***, or Dr. Allan Jeong (Faculty Advisor), Florida State University, Department 

of Educational Psychology and Learning Systems, (***) ***-****, *****@***.***.  Questions 

about your rights as a subject in the study can also be addressed to the Human Subjects 

Committee, (***) ***-****.  The results of this study will be sent to you upon your request. 

Statement of Consent 

I have read and understand this consent form.  My questions, if any, have been answered 

to my satisfaction.  I consent to participate in this study. 

 

Printed Name: _______________________________ 

Signature: ___________________________________ Date: __________________________ 
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APPENDIX C 

SURVEY OF PRIOR EXPERIENCE 

Name: ________________________________________________________________________ 

Email Address: _________________________________________________________________ 

Phone number: _____________________________________ Date of Birth: ________________ 

Major: ________________________________________________________________________ 

Year in School (Circle One): 

Freshman Sophomore    Junior           Senior        Graduate/Masters           Graduate/Ph.D. 

 

Indicate your position on the following issues, and rank the degree/strength of your conviction: 

1. Drug testing should be a requirement to receive food stamps and welfare. 

Support    Neutral    Oppose 

Choose the degree/strength of your conviction on this issue?  

5                       4                                  3                                   2                                    1 

Very Strongly        Strongly       Moderately         Somewhat            Slightly 
   Support/        Support/        Support/          Support/            Support/ 
   Oppose        Oppose        Oppose          Oppose            Oppose 
 

2. The United States should offer universal health care to all of its citizens. 

Support    Neutral    Oppose 

Choose the degree/strength of your conviction on this issue?  

5                       4                                  3                                   2                                    1 

Very Strongly        Strongly       Moderately         Somewhat            Slightly 
   Support/        Support/        Support/          Support/            Support/ 
   Oppose        Oppose        Oppose          Oppose            Oppose 
 

3. The United States should pass stricter environmental protection laws. 

Support    Neutral    Oppose 

Choose the degree/strength of your conviction on this issue?  

5                       4                                  3                                   2                                    1 

Very Strongly        Strongly       Moderately         Somewhat            Slightly 
   Support/        Support/        Support/          Support/            Support/ 
   Oppose        Oppose        Oppose          Oppose            Oppose 
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4. The national minimum wage should be raised to $12 per hour. 

Support    Neutral    Oppose 

Choose the degree/strength of your conviction on this issue?  

5                       4                                  3                                   2                                    1 

Very Strongly        Strongly       Moderately         Somewhat            Slightly 
   Support/        Support/        Support/          Support/            Support/ 
   Oppose        Oppose        Oppose          Oppose            Oppose 
 

5. The NSA should be held accountable for violating privacy laws and spying on U.S. citizens. 

Support    Neutral    Oppose 

Choose the degree/strength of your conviction on this issue?  

5                       4                                  3                                   2                                    1 

Very Strongly        Strongly       Moderately         Somewhat            Slightly 
   Support/        Support/        Support/          Support/            Support/ 
   Oppose        Oppose        Oppose          Oppose            Oppose 
 

6. Human cloning should be prohibited by law. 

Support    Neutral    Oppose 

Choose the degree/strength of your conviction on this issue?  

5                       4                                  3                                   2                                    1 

Very Strongly        Strongly       Moderately         Somewhat            Slightly 
   Support/        Support/        Support/          Support/            Support/ 
   Oppose        Oppose        Oppose          Oppose            Oppose 
 

7. Employers should be prohibited from monitoring employee email and Internet usage at work. 

Support    Neutral    Oppose 

Choose the degree/strength of your conviction on this issue?  

5                       4                                  3                                   2                                    1 

Very Strongly        Strongly       Moderately         Somewhat            Slightly 
   Support/        Support/        Support/          Support/            Support/ 
   Oppose        Oppose        Oppose          Oppose            Oppose 
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8. The United States should pass stricter gun control laws. 

Support    Neutral    Oppose 

Choose the degree/strength of your conviction on this issue?  

5                       4                                  3                                   2                                    1 

Very Strongly        Strongly       Moderately         Somewhat            Slightly 
   Support/        Support/        Support/          Support/            Support/ 
   Oppose        Oppose        Oppose          Oppose            Oppose 
 

9. Roe vs. Wade should be overturned, making abortion illegal in the United States. 

Support    Neutral    Oppose 

Choose the degree/strength of your conviction on this issue?  

5                       4                                  3                                   2                                    1 

Very Strongly        Strongly       Moderately         Somewhat            Slightly 
   Support/        Support/        Support/          Support/            Support/ 
   Oppose        Oppose        Oppose          Oppose            Oppose 
 

10. Women in the military should be required to fight on the front lines in combat zones. 

Support    Neutral    Oppose 

Choose the degree/strength of your conviction on this issue?  

5                       4                                  3                                   2                                    1 

Very Strongly        Strongly       Moderately         Somewhat            Slightly 
   Support/        Support/        Support/          Support/            Support/ 
   Oppose        Oppose        Oppose          Oppose            Oppose 
 

How many courses have you taken in school that used online discussion boards? 

None  1  2  3  4  5+ 

Of the courses you have taken that used discussion boards, how many were fully online courses? 

None  1  2  3  4  5+ 

For each question below, choose the category that best describes your experience. 

1.  I understand how to navigate and participate in online discussions in BlackBoard.  

(a) strongly agree (b) agree (c) neutral (d) disagree  (e) strongly disagree 

2.  I have sometimes had difficulty navigating online discussions and following the discussion. 

(a) strongly agree (b) agree (c) neutral (d) disagree  (e) strongly disagree 
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APPENDIX D 

INSTRUCTIONS FOR SESSION ONE (CONTROL GROUP) 

Recent events have drawn attention to both sides of the minimum wage debate in America. The 

following articles highlight this issue: 

 The Minimum Wage Debate: Who’s Right?: 

http://www.forbes.com/sites/susanadams/2013/11/11/the-minimum-wage-debate-

whos-right/ 

 Flip Side of the Minimum Wage Debate: http://www.huffingtonpost.com/munir-

moon/flip-side-of-the-minimum-wage-debate_b_5756740.html 

 CATO Institute – The Minimum Wage Debate:  

http://www.cato.org/joining-the-minimum-wage-debate 

 Economists Agree: Raising the Minimum Wage Reduces Poverty: 

http://www.washingtonpost.com/blogs/wonkblog/wp/2014/01/04/economists-agree-

raising-the-minimum-wage-reduces-poverty/ 

 What Is Minimum Wage?: It’s History and Effects on Economy: 

http://www.heritage.org/research/testimony/2013/06/what-is-minimum-wage-its-

history-and-effects-on-the-economy 

 The “Ripple Effect” of a Minimum Wage Increase on American Workers: 

http://www.brookings.edu/blogs/up-front/posts/2014/01/10-ripple-effect-of-

increasing-the-minimum-wage-kearney-harris 

 

For this assignment, you will participate in a debate in BlackBoard on the topic of 

minimum wage.  Based on the articles above and your own knowledge of the topic, choose 

whether to argue for or against the following position: The national minimum wage in the 

United States should be raised to $12 per hour.  You may use the Internet to further research 

the topic and to find examples to support your arguments.  If your research into the topic and 

your participation in the debate influences your position on the topic, you may change your 

position at any time. 
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 Please adhere to the following rules during the discussion: 

1. State one main point per post.  One well-developed paragraph should be sufficient 

for stating one idea.  If you have more to say than you can express in one paragraph, 

consider making a series of posts with each one containing one main point. 

2. Develop complex ideas over a series of posts.  If you wish to make more than one 

point in response to a post, state each main point in a separate post.  You may add a 

series of posts to the discussion, developing your ideas further in each post. 

3. Try to avoid redundant posts.  Aim to contribute new arguments and ideas that 

have not already been made.  You do not have to read all posts in the discussion 

before contributing your own posts.  However, if you recall having seen a post with 

the same argument you wish to make elsewhere in the discussion, you should go back 

to the original post and add your ideas about that argument to the appropriate thread, 

rather than creating a new thread for that argument. 

4. Maintain continuity within threads.  Make sure posts posted as “replies” address 

points made in the post and/or thread you are replying to.  If you are posting a new 

argument that has not already been made in the debate, you should start a “new 

thread” for your argument. 

5. No personal attacks.  Critique the issue – not the author of the post. Stay focused on 

the topic of discussion. 

6. Each post should fulfill only one of the purposes below.  Keep the purpose of your 

post in mind when developing the main point you are making in your post. 

a. Argument – State one reason to support or oppose an increase in minimum 

wage. 

b. Challenge/counter-challenge – Question or challenge the merits, logic, 

relevancy, validity, accuracy or plausibility of a previously stated argument or 

challenge. 

c. Explanation – Provide additional support or sub-arguments to further explain 

and clarify how a stated argument supports/opposes your position on 

minimum wage. 

d. Evidence – Provide numbers, data, proof, or anecdotes to establish the 

veracity of an argument or challenge. 
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7. Do not modify the “subject” field for your posts.  Instead of giving your post a new 

title, simply allow the contents of the “subject” field to be filled in automatically by 

the system. 

 

Minimum requirements for today’s participation: 

1. Contribute a minimum of 4 posts to the discussion. 

2. If you meet the minimum requirement before the allotted time is up, please continue 

to add more posts to the discussion, in support of your position or challenging the 

opposite position, until the allotted time for participation is up.  Thank you! 
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APPENDIX E 

INSTRUCTIONS FOR SESSION ONE (EXPERIMENTAL GROUP) 

Recent events have drawn attention to both sides of the minimum wage debate in America. The 

following articles highlight this issue: 

 The Minimum Wage Debate: Who’s Right?: 

http://www.forbes.com/sites/susanadams/2013/11/11/the-minimum-wage-debate-

whos-right/ 

 Flip Side of the Minimum Wage Debate: http://www.huffingtonpost.com/munir-

moon/flip-side-of-the-minimum-wage-debate_b_5756740.html 

 CATO Institute – The Minimum Wage Debate:  

http://www.cato.org/joining-the-minimum-wage-debate 

 Economists Agree: Raising the Minimum Wage Reduces Poverty: 

http://www.washingtonpost.com/blogs/wonkblog/wp/2014/01/04/economists-agree-

raising-the-minimum-wage-reduces-poverty/ 

 What Is Minimum Wage?: It’s History and Effects on Economy: 

http://www.heritage.org/research/testimony/2013/06/what-is-minimum-wage-its-

history-and-effects-on-the-economy 

 The “Ripple Effect” of a Minimum Wage Increase on American Workers: 

http://www.brookings.edu/blogs/up-front/posts/2014/01/10-ripple-effect-of-

increasing-the-minimum-wage-kearney-harris 

 

For this assignment, you will participate in a debate in BlackBoard on the topic of 

minimum wage.  Based on the articles above and your own knowledge of the topic, choose 

whether to argue for or against the following position: The national minimum wage in the 

United States should be raised to $12 per hour.  You may use the Internet to further research 

the topic and to find examples to support your arguments.  If your research into the topic and 

your participation in the debate influences your position on the topic, you may change your 

position at any time. 
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 Please adhere to the following rules during the discussion: 

1. State one main point per post.  One well-developed paragraph should be sufficient 

for stating one idea.  If you have more to say than you can express in one paragraph, 

consider making a series of posts with each one containing one main point. 

2. Develop complex ideas over a series of posts.  If you wish to make more than one 

point in response to a post, state each main point in a separate post.  You may add a 

series of posts to the discussion, developing your ideas further in each post. 

3. Try to avoid redundant posts.  Aim to contribute new arguments and ideas that 

have not already been made.  You do not have to read all posts in the discussion 

before contributing your own posts.  However, if you recall having seen a post with 

the same argument you wish to make elsewhere in the discussion, you should go back 

to the original post and add your ideas about that argument to the appropriate thread, 

rather than creating a new thread for that argument. 

4. Maintain continuity within threads.  Make sure posts posted as “replies” address 

points made in the post and/or thread you are replying to.  If you are posting a new 

argument that has not already been made in the debate, you should start a “new 

thread” for your argument. 

5. No personal attacks.  Critique the issue – not the author of the post. Stay focused on 

the topic of discussion. 

6. Each post should fulfill only one of the purposes below.  Keep the purpose of your 

post in mind when developing the main point you are making in your post. 

a. Argument – State one reason to support or oppose an increase in minimum 

wage. 

b. Challenge/counter-challenge – Question or challenge the merits, logic, 

relevancy, validity, accuracy or plausibility of a previously stated argument or 

challenge. 

c. Explanation – Provide additional support or sub-arguments to further explain 

and clarify how a stated argument supports/opposes your position on 

minimum wage. 

d. Evidence – Provide numbers, data, proof, or anecdotes to establish the 

veracity of an argument or challenge. 
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7. Customize the “subject” field for your posts with a title that concisely states the 

main idea of the post.  Make sure your title accurately conveys the main point of your 

post.  Please see the examples of descriptive post titles on the next page. 

Minimum requirements for today’s participation: 

1. Contribute a minimum of 4 posts to the discussion. 

2. If you meet the minimum requirement before the allotted time is up, please continue 

to add more posts to the discussion, in support of your position or challenging the 

opposite position, until the allotted time for participation is up.  Thank you! 

 

Examples of Descriptive Post Titles: 

 

Example 1: 

Debate Topic:  Has the Obamacare program been a success? 

Descriptive Title 1: 

 We’ve Created a Nation of Part-Time Workers 

Descriptive Title 2: 

 57% of Obamacare Enrollees Were Previously Uninsured 

Why These Titles Are Descriptive: 

It is clear from Descriptive Title 1 that the author is presenting an argument against 

Obamacare, specifically that it has had an unintended effect on the employment status of many 

American workers.  Similarly, it is clear from Descriptive Title 2 that the author is providing 

evidence (statistics) in support of Obamacare. 

 

 

Example 2: 

Debate Topic:  Should the NSA be allowed to conduct surveillance on private citizens? 

Descriptive Title 1: 

 NSA Director Claims Surveillance Foiled 50 Terror Plots 

Descriptive Title 2: 

 NSA Surveillance Violates 4th Amendment to the U.S. Constitution 

Why These Titles Are Descriptive: 
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It is clear from Descriptive Title 1 that the author is providing evidence (statistics) in 

support of NSA surveillance.  Similarly, it is clear from Descriptive Title 2 that the author is 

providing an argument against NSA surveillance, specifically that NSA surveillance violates 

human rights guaranteed by the 4th Amendment to the U.S. Constitution. 
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APPENDIX F 

INSTRUCTIONS FOR SESSION TWO (CONTROL GROUP) 

Recent events have drawn attention to both sides of the minimum wage debate in America. The 

following articles highlight this issue: 

 The Minimum Wage Debate: Who’s Right?: 

http://www.forbes.com/sites/susanadams/2013/11/11/the-minimum-wage-debate-

whos-right/ 

 Flip Side of the Minimum Wage Debate: http://www.huffingtonpost.com/munir-

moon/flip-side-of-the-minimum-wage-debate_b_5756740.html 

 CATO Institute – The Minimum Wage Debate:  

http://www.cato.org/joining-the-minimum-wage-debate 

 Economists Agree: Raising the Minimum Wage Reduces Poverty: 

http://www.washingtonpost.com/blogs/wonkblog/wp/2014/01/04/economists-agree-

raising-the-minimum-wage-reduces-poverty/ 

 What Is Minimum Wage?: It’s History and Effects on Economy: 

http://www.heritage.org/research/testimony/2013/06/what-is-minimum-wage-its-

history-and-effects-on-the-economy 

 The “Ripple Effect” of a Minimum Wage Increase on American Workers: 

http://www.brookings.edu/blogs/up-front/posts/2014/01/10-ripple-effect-of-

increasing-the-minimum-wage-kearney-harris 

 

For this assignment, you will participate in a debate in BlackBoard on the topic of 

minimum wage.  Based on the articles above and your own knowledge of the topic, choose 

whether to argue for or against the following position: The national minimum wage in the 

United States should be raised to $12 per hour.  You may use the Internet to further research 

the topic and to find examples to support your arguments.  If your research into the topic and 

your participation in the debate influences your position on the topic, you may change your 

position at any time. 
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 Please adhere to the following rules during the discussion: 

1. State one main point per post.  One well-developed paragraph should be sufficient 

for stating one idea.  If you have more to say than you can express in one paragraph, 

consider making a series of posts with each one containing one main point. 

2. Develop complex ideas over a series of posts.  If you wish to make more than one 

point in response to a post, state each main point in a separate post.  You may add a 

series of posts to the discussion, developing your ideas further in each post. 

3. Try to avoid redundant posts.  Aim to contribute new arguments and ideas that 

have not already been made.  You do not have to read all posts in the discussion 

before contributing your own posts.  However, if you recall having seen a post with 

the same argument you wish to make elsewhere in the discussion, you should go back 

to the original post and add your ideas about that argument to the appropriate thread, 

rather than creating a new thread for that argument. 

4. Maintain continuity within threads.  Make sure posts posted as “replies” address 

points made in the post and/or thread you are replying to.  If you are posting a new 

argument that has not already been made in the debate, you should start a “new 

thread” for your argument. 

5. No personal attacks.  Critique the issue – not the author of the post. Stay focused on 

the topic of discussion. 

6. Each post should fulfill only one of the purposes below.  Keep the purpose of your 

post in mind when developing the main point you are making in your post. 

a. Argument – State one reason to support or oppose an increase in minimum 

wage. 

b. Challenge/counter-challenge – Question or challenge the merits, logic, 

relevancy, validity, accuracy or plausibility of a previously stated argument or 

challenge. 

c. Explanation – Provide additional support or sub-arguments to further explain 

and clarify how a stated argument supports/opposes your position on 

minimum wage. 

d. Evidence – Provide numbers, data, proof, or anecdotes to establish the 

veracity of an argument or challenge. 
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e. Evaluation – Choose a specific argument given in the debate (i.e., one reason 

for or against raising the minimum wage) and evaluate that argument by 

synthesizing the original argument, challenges and counter-challenges 

presented to the argument, and all evidence provided by either side.  Consider 

both sides of the argument and try to determine the merits of each side of that 

argument, as presented in the debate.  After considering both sides, do you 

think it was a strong or weak argument? 

7. Do not modify the “subject” field for your posts.  Instead of giving your post a new 

title, simply allow the contents of the “subject” field to be filled in automatically by 

the system. 

Minimum requirements for today’s participation: 

1. Contribute a minimum of 4 posts to the discussion. 

2. At least one post must be in the Evaluation category. 

3. If you meet the minimum requirement before the allotted time is up, please continue 

to add more posts to the discussion, in support of your position or challenging the 

opposite position, until the allotted time for participation is up.  Thank you! 
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APPENDIX G 

INSTRUCTIONS FOR SESSION TWO (EXPERIMENTAL GROUP) 

Recent events have drawn attention to both sides of the minimum wage debate in America. The 

following articles highlight this issue: 

 The Minimum Wage Debate: Who’s Right?: 

http://www.forbes.com/sites/susanadams/2013/11/11/the-minimum-wage-debate-

whos-right/ 

 Flip Side of the Minimum Wage Debate: http://www.huffingtonpost.com/munir-

moon/flip-side-of-the-minimum-wage-debate_b_5756740.html 

 CATO Institute – The Minimum Wage Debate:  

http://www.cato.org/joining-the-minimum-wage-debate 

 Economists Agree: Raising the Minimum Wage Reduces Poverty: 

http://www.washingtonpost.com/blogs/wonkblog/wp/2014/01/04/economists-agree-

raising-the-minimum-wage-reduces-poverty/ 

 What Is Minimum Wage?: It’s History and Effects on Economy: 

http://www.heritage.org/research/testimony/2013/06/what-is-minimum-wage-its-

history-and-effects-on-the-economy 

 The “Ripple Effect” of a Minimum Wage Increase on American Workers: 

http://www.brookings.edu/blogs/up-front/posts/2014/01/10-ripple-effect-of-

increasing-the-minimum-wage-kearney-harris 

 

For this assignment, you will participate in a debate in BlackBoard on the topic of 

minimum wage.  Based on the articles above and your own knowledge of the topic, choose 

whether to argue for or against the following position: The national minimum wage in the 

United States should be raised to $12 per hour.  You may use the Internet to further research 

the topic and to find examples to support your arguments.  If your research into the topic and 

your participation in the debate influences your position on the topic, you may change your 

position at any time. 
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 Please adhere to the following rules during the discussion: 

1. State one main point per post.  One well-developed paragraph should be sufficient 

for stating one idea.  If you have more to say than you can express in one paragraph, 

consider making a series of posts with each one containing one main point. 

2. Develop complex ideas over a series of posts.  If you wish to make more than one 

point in response to a post, state each main point in a separate post.  You may add a 

series of posts to the discussion, developing your ideas further in each post. 

3. Try to avoid redundant posts.  Aim to contribute new arguments and ideas that 

have not already been made.  You do not have to read all posts in the discussion 

before contributing your own posts.  However, if you recall having seen a post with 

the same argument you wish to make elsewhere in the discussion, you should go back 

to the original post and add your ideas about that argument to the appropriate thread, 

rather than creating a new thread for that argument. 

4. Maintain continuity within threads.  Make sure posts posted as “replies” address 

points made in the post and/or thread you are replying to.  If you are posting a new 

argument that has not already been made in the debate, you should start a “new 

thread” for your argument. 

5. No personal attacks.  Critique the issue – not the author of the post. Stay focused on 

the topic of discussion. 

6. Each post should fulfill only one of the purposes below.  Keep the purpose of your 

post in mind when developing the main point you are making in your post. 

a. Argument – State one reason to support or oppose an increase in minimum 

wage. 

b. Challenge/counter-challenge – Question or challenge the merits, logic, 

relevancy, validity, accuracy or plausibility of a previously stated argument or 

challenge. 

c. Explanation – Provide additional support or sub-arguments to further explain 

and clarify how a stated argument supports/opposes your position on 

minimum wage. 

d. Evidence – Provide numbers, data, proof, or anecdotes to establish the 

veracity of an argument or challenge. 
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e. Evaluation – Choose a specific argument given in the debate (i.e., one reason 

for or against raising the minimum wage) and evaluate that argument by 

synthesizing the original argument, challenges and counter-challenges 

presented to the argument, and all evidence provided by either side.  Consider 

both sides of the argument and try to determine the merits of each side of that 

argument, as presented in the debate.  After considering both sides, do you 

think it was a strong or weak argument? 

7. Customize the “subject” field for your posts with a title that concisely states the 

main idea of the post.  Make sure your title accurately conveys the main point of your 

post.  Please see the examples of descriptive post titles below. 

Minimum requirements for today’s participation: 

1. Contribute a minimum of 4 posts to the discussion. 

2. At least one post must be in the Evaluation category. 

3. If you meet the minimum requirement before the allotted time is up, please continue 

to add more posts to the discussion, in support of your position or challenging the 

opposite position, until the allotted time for participation is up.  Thank you! 

 

Examples of Descriptive Post Titles: 

 

Example 1: 

Debate Topic:  Has the Obamacare program been a success? 

Descriptive Title 1: 

 We’ve Created a Nation of Part-Time Workers 

Descriptive Title 2: 

 57% of Obamacare Enrollees Were Previously Uninsured 

Why These Titles Are Descriptive: 

It is clear from Descriptive Title 1 that the author is presenting an argument against 

Obamacare, specifically that it has had an unintended effect on the employment status of many 

American workers.  Similarly, it is clear from Descriptive Title 2 that the author is providing 

evidence (statistics) in support of Obamacare. 
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Example 2: 

Debate Topic:  Should the NSA be allowed to conduct surveillance on private citizens? 

Descriptive Title 1: 

 NSA Director Claims Surveillance Foiled 50 Terror Plots 

Descriptive Title 2: 

 NSA Surveillance Violates 4th Amendment to the U.S. Constitution 

Why These Titles Are Descriptive: 

It is clear from Descriptive Title 1 that the author is providing evidence (statistics) in support of 

NSA surveillance.  Similarly, it is clear from Descriptive Title 2 that the author is providing an 

argument against NSA surveillance, specifically that NSA surveillance violates human rights 

guaranteed by the 4th Amendment to the U.S. Constitution. 

  



183 

APPENDIX H 

MENTAL EFFORT SURVEY 

Name: _________________________________________ 

Date of Birth: ____________________________________ 

 

Choose the one that best describes the mental effort you invested in following the debate on the 

discussion board: 

 

(a) very, very low mental effort 

(b) very low mental effort 

(c) low mental effort 

(d) minimal mental effort 

(e) neither low nor high mental effort 

(f) some mental effort 

(g) high mental effort 

(h) very high mental effort 

(i) very, very high mental effort 

 

Rating scale based on Paas (1992). 
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APPENDIX I 

POST-DEBATE INTERVIEW 

Name: ________________________________________   Date of Birth:_________________ 

 
At the beginning of the debate which of the following best describes your position on raising the 

minimum wage? 

Supportive of raising minimum wage  Neutral  Opposed to raising minimum wage 

 

If you answered “supportive of raising the minimum wage,” choose the degree/strength of your 

conviction: 

5                                   4                                  3                                   2                                    1 

Extremely                     Slightly  
Supportive of           Supportive of 
Raising Minimum Wage              Raising Minimum Wage 
 

If you answered “opposed to raising the minimum wage,” choose the degree/strength of your 

conviction: 

5                                   4                                  3                                   2                                    1 

Extremely                     Slightly  
Opposed to               Opposed to 
Raising Minimum Wage              Raising Minimum Wage 
 

At the end of the debate which of the following best describes your position on raising the 

minimum wage? 

Supportive of raising minimum wage  Neutral  Opposed to raising minimum wage 

 

If you answered “supportive of raising the minimum wage,” choose the degree/strength of your 

conviction: 

5                                   4                                  3                                   2                                    1 

Extremely                     Slightly  
Supportive of           Supportive of 
Raising Minimum Wage              Raising Minimum Wage 
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If you answered “opposed to raising the minimum wage,” choose the degree/strength of your 

conviction: 

5                                   4                                  3                                   2                                    1 

Extremely                     Slightly  
Opposed to               Opposed to 
Raising Minimum Wage              Raising Minimum Wage 
 
Open-ended questions: 
 
1. How did you decide which posts to read?  Describe the process you used. 
 
 
 
2. How did you decide which posts to reply to?  Describe the process you used. 
 
 
 
3. How often did you go back and re-read posts you had already read before?  
 
 
 
4. Did you try to read all of the posts in the discussion?  Why or why not? 
 
 
 
5. Did you find the debate difficult to follow?  Why or why not? 
 
 
 
6. If you found the debate difficult to follow, did this affect the amount of effort you put into 

trying to follow the debate?  How exactly did it affect your participation? 
 
 
 

7. Describe the process you used to formulate your “Evaluation” posts.  To what extent did you 
open and re-read earlier posts in the discussion in the process of evaluating the argument? 

 
 
 
8. Did you feel that you remained emotionally objective throughout the debate?  Or did you 

become emotionally involved in the debate topic while participating?  If you became 
emotionally involved, describe the emotions you felt and the extent to which you felt them? 
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(for the experimental group only) 
9. Did the descriptive post titles help you to form and retain the overall structure of the debate 

in your mind?  If so, did this help you when you composed your own posts in the debate?  If 
so, exactly how did it help? 
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