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ABSTRACT 

Nations are becoming increasingly sensitive about securing their borders, leading border 

security organizations to investigate systems designed to detect deception through linguistic 

analysis. As research about linguistic deception still has resulted in competing hypotheses, this 

dissertation uses a design science, information systems approach to build a system that 

synthesizes research on the linguistics of deception. It also performs a systematic review and 

meta-analysis to provide information about linguistics of deception to border security 

organizations.  

This dissertation outlines features that should be included in collaborative meta-analysis 

tools: process restriction, task organization, information sharing, task coordination, terminology 

definition, and simple interfaces. These features are discussed and implemented in a new system 

www.OrionShoulders.com.  

Through a systematic review and a behavioral experiment on linguistic of deception 

using the new system, this dissertation identified seven behavioral and cognitive constructs that 

could be measured through linguistics during deception: cognitive load, event recollection, guilt, 

credibility portrayal, distancing, dominant behavior, and hedging. This dissertation contributes 

a theoretical model that explains these seven constructs and how they are measured. The results 

of the systematic review and the behavioral experiment showed that hedging terms, first-person 

pronouns, negative emotion, generalizing terms, and the quantity of words were significantly 

correlated with deception. 
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CHAPTER 1. INTRODUCTION 

Nations are becoming increasingly sensitive about securing their borders and ensuring 

that those who cross the border don not intend to do harmful things in the country. This has led 

border security organizations such as the Department of Homeland Security (DHS) to investigate 

better and faster technologies to screen border crossers (Nunamaker, Derrick, Elkins, Burgoon, 

& Patton, 2011). Some of the screening technologies being investigated involve the analysis of 

the words spoken by border crossers during interviews. Researchers believe that by analyzing the 

words chosen by interviewees, algorithms can be developed to detect deception (Burgoon et al., 

2014). 

One of the problems with linguistics of deception research is that there are inconsistent 

findings regarding which cues are indicative of deception and truthtelling (e.g., Bond Jr. & 

Depaulo, 2006; Zhou, Burgoon, Twitchell, Qin, & Nunamaker Jr., 2004). Because of this 

problem, linguistic analysis systems are limited in their usefulness in detecting deception. A 

comprehensive systematic review of the linguistics of deception needs to be performed create a 

theoretical model of the constructs relating to the linguistics of deception and to better inform 

DHS and other like organizations on how to best implement linguistic systems on national 

borders. 

To perform a systematic review, researchers typically use meta-analysis software to 

collect and gather quantitative data (e.g., means and standard deviations). But current meta-

analysis systems are not built for collaborative systematic reviews. They are primarily built 

simply to do the analysis of the quantitative data. Therefore, before doing a systematic review of 

the linguistics of deception, a tool for performing a collaborative systematic review needs to be 

developed. This dissertation has two objectives: first, it will build a system capable of 
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performing a collaborative systematic review and second, it will use that tool to perform a meta-

analysis (supported by a behavioral experiment) on the linguistics of deception. Accomplishing 

these objectives will provide researchers of the linguistics of deception a more informed 

theoretical framework and will inform DHS on the value of linguistics of deception and to 

enhance existing linguistic analysis systems. 

This research will make three contributions. First, this research will develop a relational 

database-driven meta-analysis tool that supports real-time collaboration, as opposed to current 

tools that are not relational and provide no collaboration abilities. The prototype tool will remove 

redundant data, improve data consistency and integrity, and provide features in the tool that 

allow researchers to communicate and organize easily, resulting in faster meta-analyses 

performance with fewer errors. 

Second, this research will perform a meta-analysis on linguistic cues of deception to 1) 

inform linguistic theory, 2) enhance linguistic analysis systems, and 3) inform national security 

agencies on the linguistics of deception. Linguistic analysis is used by researchers and 

practitioners to find interesting patterns in communications, such as customer support chats and 

police investigations (Zhou, Burgoon, Twitchell, et al., 2004). Linguistic analysis systems, 

systems that analyze textual language, synthesize words into linguistic features to represent 

cognitive or emotional states (Moffitt, Giboney, Ehrhardt, Burgoon, & Nunamaker Jr., 2012). 

Linguistic analysis systems, such as Linguistic Inquiry and Word Count (LIWC) (Tausczik & 

Pennebaker, 2009), General Architecture for Text Engineering (GATE) (Gaizauskas, 

Cunningham, Wilks, Rodgers, & Humphreys, 1996), Structured Programming for Linguistic Cue 

Extraction (SPLICE) (Moffitt et al., 2012), and Agent99 (Cao, Crews, Lin, Burgoon, & 

Nunamaker Jr., 2003),  are becoming increasingly popular in research to quantify linguistic 
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features and to detect cognitive or emotional states of communicators that are present in the data. 

There are hundreds of different cues that these systems catalog, ranging from simple counts of 

pronouns to calculations of the expressiveness of the communicator. While most single studies 

that use these systems perform exploratory factor analyses to group the linguistic cues, these 

studies usually produce different groupings of cues that cause division in the sciences and 

unclear directions for practitioners (e.g., Bond Jr. & Depaulo, 2006; Zhou, Burgoon, Twitchell, 

et al., 2004). Therefore, linguistic systems can be enhanced by solidifying the correct groups of 

cues based on a broad set of studies. In addition, running this meta-analysis will show proof-of-

concept of the tool. 

Finally, this research will perform a behavioral experiment to provide proof-of-value for 

the designed meta-analysis tool and to verify the results of the linguistic meta-analysis performed 

by the tool. The behavioral experiment will provide a way to empirically test the relationships of 

the proposed theoretical model. The behavioral experiment will also rule out common-method 

bias for the results of the linguistic meta-analysis (Pavlou, Liang, & Xue, 2007; Podsakoff, 

MacKenzie, Lee, & Podsakoff, 2003), while employing mixed methods research (Venkatesh, 

Brown, & Bala, 2013). 

To make these contributions, this research will employ a design science methodology 

(Hevner, March, Park, & Ram, 2004) by identifying a problem, defining solutions, developing a 

proof-of-concept,  demonstrating proof-of-value, evaluating proposed solutions, and 

communicating the contributions to stakeholders (Gregor & Hevner, 2013; Hevner et al., 2004; 

Nunamaker & Briggs, 2011; Peffers, Tuunanen, Rothenberger, & Chatterjee, 2007). The 

remainder of this dissertation will first describe the background and current state of meta-

analysis software and the prototype meta-analysis system. Second, the dissertation will describe 
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a linguistic meta-analysis using the prototype system to validate the tool. The meta-analysis will 

group linguistic features into more appropriate and empirically-driven categories of cognitive 

and emotional states. Finally, the proposal will describe a behavioral experiment to evaluate the 

quality of the tool by assessing the results of the linguistic meta-analysis. By doing so, this 

research will help knowledge workers better synthesize their data and accurately explain 

interesting phenomenon. 
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CHAPTER 2. NEW META-ANALYSIS TOOL AND PROCESS 

Information overload is a consistent problem among knowledge workers (Maes, 1994). 

Individuals who can skillfully organize and synthesize large amounts of data will be able to 

explain phenomena with better accuracy and also create competitive advantages for their 

companies (Gray & Durcikova, 2006). One approach knowledge workers, especially researchers, 

can obtain large amounts of data and perform categorization and synthesis of the data is a meta-

analysis, a statistical technique to aggregate the results from many studies. Researchers use meta-

analyses to find generalizable effect sizes of constructs (Arthur, Jr., Benneit, & Huffcutt, 1994).  

With the digitization and exponential increase of scientific findings, meta-analyses are 

becoming increasingly popular and are found in most major disciplines from management and 

organizational behavior (Aytug, Rothstein, Zhou, & Kern, 2012; Carlson & Ji, 2011), 

information systems (e.g., Dennis, Wixom, & Vandenberg, 2001; He & King, 2008; Kohli & 

Devaraj, 2003; Montazemi, Wang, Nainar, & Bart, 1996), and healthcare (Egger, Smith, 

Schneider, & Minder, 1997). In 2013, ISI Web of Science reported 20,631 new articles published 

with “meta-analysis” in the title. As of May 2014, there were already 8,916 articles with “meta-

analysis” in the title. If the trend for 2014 continues, there will be around 21,400 articles by the 

end of the year. This trend will result in around 86,500 articles in the last five years. Even though 

meta-analyses are becoming increasingly popular, performing them is not a simple process. The 

hardest parts of a meta-analysis are the manner of data entry, collaboration with other 

researchers, and preparing the data for analysis (Bax, Yu, Ikeda, & Moons, 2007). While tools 

exist to perform meta-analyses (e.g., BiostatXL and Comprehensive Meta Analysis), the tools 

have two important design limitations: poor data storage design and poor collaboration 

capabilities. Poor data storage design causes redundancy and consistency errors in the data 
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(Codd, 1970), while poor collaboration capabilities cause delays and miscommunications 

between group members (Nunamaker Jr., 1997). The limitations of current meta-analysis 

systems generate the following research question: 

RQ: How can better data storage techniques and better collaboration processes be 

implemented to enhance meta-analysis systems? 

This research will employ a design-science methodology by identifying a problem, 

defining solutions, developing a proof-of-concept, demonstrating proof-of-value, evaluating 

proposed solutions, and communicating the contributions to stakeholders (Gregor & Hevner, 

2013; Hevner et al., 2004; Nunamaker & Briggs, 2011; Peffers et al., 2007). The remainder of 

this dissertation will first explain the concept of a meta-analysis, going into detail about how 

meta-analyses are used and practiced. Second, this research will examine the current systems 

used to perform meta-analysis and highlight their strengths and weaknesses. Third, this research 

will describe the advantages of collaborative software to highlight the potential benefits of a 

collaborative meta-analysis system. Lastly, this research will introduce a new collaborative meta-

analysis system as well as a process that can be followed to collect data and to run various meta-

analysis algorithms. 

What is a Meta-Analysis? 

A meta-analysis is a quantitative methodology (or set of methodologies) for synthesizing 

empirical research by combining the numerical results from various studies into generalizable 

estimates (Aguinis, Pierce, Bosco, Dalton, & Dalton, 2011; Brannick, Yang, & Cafri, 2011; 

Rosenthal & DiMatteo, 2001). Through meta-analyses, researchers strive to gain deeper or newer 

understanding of scientific theories by applying the principle that no single scientific study is 

sufficient to claim a truth (Hunter, Schmidt, & Jackson, 1982; Popper, 1959). Deeper or newer 
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understanding of scientific theories can be achieved by aggregating the empirical results (e.g., 

correlations and effect sizes) across studies that measure the same theoretical relationships. This 

section describes in more detail the purpose, outcomes, process, and mathematics of a meta-

analysis and the requirements for a study to be included in a meta-analysis. 

There are four primary reasons to perform a meta-analysis: 1) review the literature on a 

specific topic, 2) estimate a relationship’s strength and direction, 3) look for moderating 

variables, and 4) explain discrepancies and competing theories in the existing literature (Aguinis 

et al., 2011; Rosenthal & DiMatteo, 2001). The typical outcome of a meta-analysis is an estimate 

of the effect size (e.g., r, d, ρ, or δ) of a relationship accomplished by averaging effect sizes from 

multiple reported studies (Carlson & Ji, 2011). Through a meta-analysis, researchers can 

summarize existing literature and theory and show a generalizable effect size of relationships 

between constructs. Quantitatively, the aggregate summary comes from means, standard 

deviations, t-values, sample sizes, or correlation coefficients (Pierce, 2008). When variability 

exists in the effect size reported by various studies, a meta-analysis can also let researchers look 

for moderators (e.g., race or gender samples in different studies) (Carlson & Ji, 2011; Cortina, 

2003). In addition, the results of a meta-analysis often generate new research questions, 

prompting more informed future investigations (Carlson & Ji, 2011).  

The process of a meta-analysis is fairly straightforward. The Cochrane Collaboration, an 

organization focused on creating standards for healthcare meta-analyses, outlines eight steps to 

perform a meta-analysis: 1) define the review question and develop criteria for including studies, 

2) search for studies, 3) select studies and collect data, 4) assess risk of bias in included studies, 

5) analyze data and undertake the meta-analysis, 6) report biases, 7) present results, and 8) 

interpret results and draw conclusions (Higgins & Green, 2011). 
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First, defining the review questions allows the researcher to pick the constructs of interest 

in order to perform a search for relevant literature. Second, the researcher performs a literature 

search by using the construct names and synonyms in major scientific databases such as Social 

Science Citation Index, PsycInfo, Google Scholar, Web of Science, and cited references (c.f., 

Cycyota & Harrison, 2006; Hauch, Blandón-Gitlin, Masip, & Sporer, 2012; Sporer & Schwandt, 

2006). While also searching databases, it is also beneficial to email relevant listservs to gather 

unpublished studies (Aguinis et al., 2011). Unpublished studies help create a more complete 

effect size of the relationship between constructs as unpublished studies are more likely to have 

non-significant results than published studies (Aguinis et al., 2011). This search will likely yield 

thousands of related articles. Third, the researcher then needs to filter these articles and eliminate 

articles that are not relevant to the study, likely leaving hundreds of articles for the researcher to 

catalog. Fourth, using the relevant articles, the researcher then does two things: 1) codes relevant 

variables for important moderating variables such as response rate, gender percentages, and 

study location, and 2) captures relevant statistics (e.g., mean, standard deviation, and correlation) 

typically found in correlation matrices and tables of means for later aggregation in the meta-

analysis. 

Fifth, not all studies are perfect and therefore introduce biases into the meta-analysis that 

need to be documented. For example, some studies are not completely double-blind and 

therefore have a higher risk of being biased (Aguinis et al., 2011). Also, research publications are 

typically biased in favor of studies with significant results, resulting in a selection bias. As 

mentioned earlier, seeking unpublished studies will help negate the selection bias by possibly 

gaining access to non-significant results or results in the opposite direction than normally 
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predicted (Aguinis et al., 2011). Highly-biased studies can be excluded from the meta-analysis. 

Opposite direction or non-significant results can be very useful when searching for moderators.  

Another bias is the use of duplicate data that are published in multiple articles (Wood, 

2008). It is not always easy to recognize the duplicate use of data when reading an article. Using 

duplicate data in a meta-analysis disproportionately weights the results in favor of the duplicated 

data. Therefore, duplicate studies should be removed. 

Sixth, the bias of the studies needs to be reported as reasons for exclusion of studies. The 

quantitative values from all of these studies can then be put into a meta-analysis tool for 

examination. 

Seventh, present reports such as a funnel plot (see Figure 1) and an error plot (see Figure 

2). The meta-analysis should produce the magnitude and direction of the effect of interest. 

Finally, the researcher can look at the completeness and quality of the evidence to be able to 

make determinations about the agreement with current theory and evidence about possible 

moderators (Higgins & Green, 2011). 

Researchers primarily use two models to conduct a meta-analysis: a fixed-effects model 

and a random-effects model (Kisamore & Brannick, 2008). Under the fixed-effects model, the 

research assumes that the effect size is constant for all studies, allowing the researcher to 

estimate a confidence interval and to perform a significance test (Kisamore & Brannick, 2008). 

Using a fixed-effects model by Hedges and Vevea (1998), a researcher can calculate an effect 

size d for two groups (control and treatment) by taking the difference of the means divided by 

the pooled standard deviation (see Equation 1), then weight that effect size by the sample size 

across the studies in the meta-analysis to calculate a weighted mean for all of the studies 

(Kisamore & Brannick, 2008). Under the random-effects model, the researcher assumes that the 



 

Chapter 2. New Meta-Analysis Tool and Process 23 

effect size is not constant and creates a distribution of effect sizes based on the studies allowing 

the researcher to estimate a mean effect size for the population and estimate a confidence interval 

around the mean (Kisamore & Brannick, 2008). Using a random effects model by Hunter and 

Schmidt, the researcher can calculate a mean effect size similarly to the fixed-effects model but 

then estimate variance due to sampling error and compare that to the observed variance to 

calculate credibility intervals (Kisamore & Brannick, 2008). 

 

Figure 1. Hypothetical Funnel Plot (Higgins & Green, 2011) 
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Figure 2. Hypothetical Error Plot 

 
Equation 1. Fixed Effects Effect Size Calculation 

! = !!! − !!!!
 

Meta-analysis researchers need to make sure that each study has the required elements to 

be included in the meta-analysis. As stated previously, a meta-analysis is a quantitative 

methodology and therefore needs quantitative data. This quantitative data typically comes in the 

form of means, standard deviations, and correlations. Articles that do not report this data cannot 

be used in a meta-analysis unless the researcher can get that information from the original author. 

While beta-weights provided by a regression are sufficient to calculate the most minimum 

possible effect size, they are not an accurate measure of the effect size (Rosenthal, 1994; Sporer 
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& Schwandt, 2006). It is therefore imperative that all quantitative articles report these numbers in 

at least an online supplement. 

Current Tools for Meta-Analyses 

While a meta-analysis can be done with a pencil and paper, it is not recommended due to 

the vast number of calculations that need to be processed. Therefore, a software tool is typically 

used to gather the information and perform the meta-analysis. Often a particular meta-analysis 

process is associated with a specific software tool. While there are quite a few different software 

tools for performing meta-analyses, this research focuses on the three most common: MIX, 

Comprehensive Meta-Analysis, and the Hunter-Schmidt Meta-Analysis Program.  

MIX 

Meta-analysis in Excel (MIX) is a statistical add-in for Microsoft Excel (Bax, Yu, Ikeda, 

Tsuruta, & Moons, 2006; BiostatXL, 2014). The software uses a spreadsheet interface (see 

Figure 3) and has the capability to perform many different fixed-effect and random-effect 

models. MIX was originally created to fulfill a meta-analysis educational gap for people who 

were interested in learning how to do meta-analyses (Bax et al., 2006). The software’s 

distinguishing feature is a set of tutorials in the form of dialog boxes that provide information 

about the process and statistics (Bax et al., 2006). Data from this program are stored in a non-

normalized tables and the program doesn’t allow for collaboration across the Internet. 
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Figure 3. Screenshot of MIX (BiostatXL, 2014) 

 
Comprehensive Meta-Analysis 

Of all the meta-analysis software tools, Comprehensive Meta-Analysis (CMA) is the 

most highly-visible (Bax et al., 2007). Like MIX, CMA uses a spreadsheet interface (see Figure 

4). CMA is partially developed by Larry Hedges who has also introduced the Hedges-Olkin 

(Hedges & Olkin, 1985) meta-analysis method (Pierce, 2008). While CMA is good for the 

Hedges-Olkin approach for meta-analyses, the software does not allow a researcher to follow the 

Hunter-Schmidt (Hunter & Schmidt, 2004) approach to meta-analyses (Pierce, 2008). Data from 

this program are stored in a non-normalized tables and the program doesn’t allow for 

collaboration across the Internet. 
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Figure 4. Screenshot of CMA (Borenstein, Hedges, Higgins, & Rothstein, 2005) 

 
Hunter-Schmidt Meta-Analysis Program 

The Hunter-Schmidt Meta-Analysis Program can only be used for the Hunter-Schmidt 

meta-analysis method and also contains a spreadsheet-like interface. This software tool lacks a 

graphical user interface with the ability to use a mouse and also does not have a mechanism for 

importing data from files (Roth, 2008). For the analyses that the software does, the calculations it 

makes have been well-tested and shown to be quite accurate (Roth, 2008). In comparison to the 

other tools, the Hunter-Schmidt Meta-Analysis Program is robust but requires detailed manual 

entry of values without relations to the papers they are associated with. Data from this program 

are stored in a non-normalized tables and the program doesn’t allow for collaboration across the 

Internet. 
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Figure 5. Screenshot of Hunter-Schmidt Meta-Analysis Program 

 
Limitations of Current Systems 

As discussed above, current meta-analysis systems have two design limitations: poor data 

storage design and poor collaboration techniques. These two limitations lead to inefficiencies in 

the work of the researchers performing the meta-analysis. This dissertation will now discuss 

these limitations before moving on to the new tool and process to overcome these limitations. 

Poor Data Storage Design 

The current mentality of meta-analysis software developers is that of ensuring a familiar 

way of cataloging data and verifying that analyses work as intended (as demonstrated by (Arthur 

et al., 1994)). This mentality has led software developers to encourage the use of spreadsheets to 

catalog data (e.g., BiostatXL, 2014; Borenstein et al., 2005; Hintze, 2013). The use of 

spreadsheets has led these tools to use non-normalized data. A usability study has shown that this 
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manner of data entry and preparing data for analysis is the most difficult aspect of current meta-

analysis tools (Bax et al., 2007).    

For decades, since Codd’s (1970) landmark paper on database normalization, relational 

database administrators have been striving to organize their data into normalized forms–the 

organization of data to reduce redundancy and dependency. Normalizing data reduces its 

complexity to make it more accurate and complete. Yet, the existing tools for meta-analyses 

organize data into spreadsheets that do not store their data in a normalized fashion (e.g., 

Comprehensive Meta-Analysis (Borenstein et al., 2005)). To reduce errors and better organize 

the data that is collected, researchers need a normalized data structure for meta-analysis data. 

Poor Collaboration Techniques 

Beyond poor data storage design, when performing a meta-analysis, researchers have to 

manually organize themselves and decide who is coding which article and who is double coding 

which article. Researchers have to use email or arrange meetings to discuss who should do what 

and keep track of responsibilities. Using offline tools imposes unnecessary effort by forcing 

issues such as who is coding which article to be addressed. An online meta-analysis tool 

designed to enhance collaboration can overcome this limitation (Bax et al., 2007; Nunamaker, 

1997). 

Benefits of Collaboration Technology 

All groups have to deal with the complexities of communication and coordination 

whether it be due to differences in goals, culture, or working style (Briggs, Kolfschoten, de 

Vreede, Lukosch, & Albrecht, 2013). There is a wealth of scientific literature supporting the 

notion that technology designed to assist collaboration can make communication simpler and 

more efficient (See Briggs et al., 2013 for an overview). This technology to assist collaboration 
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in the form of electronic communication, information processing, and use of technology is 

commonly referred to as collaboration technology (Brown, Dennis, & Venkatesh, 2010). 

Research on collaboration technology has many shown many effects of the technology on 

collaborating groups (see Figure 6). Much of the research on collaboration technology has been 

in the context of brainstorming and many of the effects of technology are not desirable in a meta-

analysis context. For example, learning is not necessary in the meta-analysis process where the 

main goal is collecting information from articles. The learning comes from the results of the 

meta-analysis. Likewise, anonymity is not needed in a meta-analysis process as there are no 

decisions to debate nor ideas to evaluate. Therefore, this research focuses only on those effects 

that are relevant to collaboration in a meta-analysis environment. In particular, collaborative 

meta-analysis software can benefit from six of the design principles set forth by collaboration 

technology research: process restriction, task organization, information sharing, task 

coordination, terminology definition, and simple interfaces (see Table 1). 

 

Figure 6. Collaboration Technology Effects based on Nunamaker, Dennis, Valacich, Vogel, & George (1991) 
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Process Restrictiveness is the limitation of a group’s possible activities to only those 

activities that increase effectiveness (Briggs et al., 2013; Nunamaker, Reinig, & Briggs, 2009; 

Wheeler & Valacich, 1996). When a group is restricted from taking part in ineffective activities, 

task performance increases. One way for collaboration technology to accomplish this, is for the 

software to be so intuitive that the collaborative process is self-evident (Briggs et al., 2013). For 

collaborative meta-analysis software, this design principle is imperative as there is much to do in 

a meta-analysis and not always an obvious place to start. As it is important to set up the goal and 

collection methods ahead of time (Higgins & Green, 2011), the software can easily be 

programmed to keep the user on one task at a time until each task is complete. 

Table 1. Key Design Principles to Support a Collaborative Meta-Analysis Tool 

Attribute Definition 
Process Restriction the limitation of a group’s possible activities to only those activities that increase 

effectiveness (Briggs et al., 2013; Nunamaker Jr. et al., 2009; Wheeler & 
Valacich, 1996). 

Task Organization the ability for a system to organize, subset, and observe task progress 
(Kolfschoten, Niederman, Briggs, & de Vreede, 2012) 

Information Sharing the ability of system to make sharing of documents, notes, and transactions easy to 
communicate between collaborators 

Task Coordination the ability of a system to divide up and assign tasks to collaborators based on skills 
and roles 

Terminology Definition the standardization and communication of terms used in the group 
Simple Interfaces the use of minimalism in design 
 

Task organization is the ability for a system to organize, subset, and observe task 

progress (Kolfschoten et al., 2012). Collaborative systems that can break tasks down into simple 

manageable pieces help the user focus on one task at a time. When a system tracks user progress 

combined with simple, manageable pieces of the task, it allows users to enter a state of flow in a 

series of self-rewarding activities (Voiskounsky & Smyslova, 2003). Integrating this feature into 

the system allows managers to monitor progress and allows data to easily transfer from one 

process to the next (Chituc, Azevedo, & Toscano, 2009). Task organization is important for 

meta-analyses as there are many details that need to be captured from each article. Without a 
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checklist monitoring the details that are captured from each article, users can easily skip steps. 

For example, in a meta-analysis, users typically record five basic things: the style of study (e.g., 

experiment, field study), the scale means and standard deviations, the constructs named, and the 

sample groups (e.g., control, treatment). If a user of the meta-analysis tool forgets to record any 

of this information, the article either has to be recoded or not used in the analysis. 

The third design principle is information sharing. Collaborative technology only fulfills 

its purpose if information can be freely shared and communicated (Carneiro, Soares, Patrício, 

Azevedo, & Pinho de Sousa, 2013). Often, shared and centralized repositories are created to 

store information and make it accessible to all collaborators. These repositories are shared 

locations for documents, notes, and transactions that facilitate partnership and cooperation 

(Chituc et al., 2009; Rockar & Kohun, 2011). They are often realized in the form of online 

discussion boards and wikis (Rockar & Kohun, 2011). For a collaborative meta-analysis, 

information sharing is essential. Not only do coded variables need to be shared, but article PDFs, 

notes, and instructions do as well. In a meta-analysis, many people may be responsible for 

finding and cataloging articles. All of the PDFs from these articles can be stored in an online 

repository for all users to access. Often, when an article is found to be relevant to the meta-

analysis there are special instructions for coding associated with the article. For example, if one 

of the researchers finds a conference article that was likely printed in a journal, special 

instructions can be given to double-check for a journal article so that a single study doesn’t have 

a higher weight than other studies (for being counted twice). 

Task coordination is the ability of a system to divide up and assign tasks to collaborators 

based on skills and roles. Task coordination is important for collaborative systems to avoid 

duplication of effort and reduce social loafing (Carneiro et al., 2013). For collaborative meta-
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analysis systems, task coordination is useful as people coding the articles typically have to divide 

up the hundreds of articles with each person coding their own set of articles. To improve the 

quality of the meta-analysis and overcome biases and entry errors, the articles then need to be 

double-coded (and sometimes triple-coded). A collaborative meta-analysis system should be able 

to divide all of the articles that need to be coded and double-coded among the available coders. 

Terminology definition is the standardization and communication of terms used in the 

group. Individuals in groups often have different definitions for the same term causing conflict 

and sometimes disasters. For example, when NASA was building a new space probe, some team 

members were using metric measurements while others were using English measurements 

causing the 125 million dollar space probe to be destroyed (Nunamaker et al., 2009). A 

collaborative meta-analysis tool should not only allow terminology and standards to be shared 

among collaborators, the terms should be readily available when the user is using the 

terminology. In an online environment, an example of this is the use of providing the definition 

when the user hovers over the term. For example, in Figure 7, as 1) the user hovers over the 

select box for deception or detection, 2) a popup comes up to explain what that selection means. 

 

Figure 7. Example of a Terminology Definition Technique 
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Simple interfaces use the principles of minimalism to make less complex interactions 

with the system (Nunamaker, Briggs, Mittleman, Vogel, & Balthazard, 1997). Simple interfaces 

reduce cognitive complexity, allowing the user to focus attention on the task at hand and not 

have to worry about learning the technology (Nunamaker et al., 1997). In terms of a meta-

analysis, most systems use a spreadsheet interface. While the spreadsheet is understandable for 

most users, it also clutters the interface with unnecessary information (i.e., the information from 

all of the other studies). Using these design principles, this research introduces a new 

collaborative meta-analysis system. 

Introducing a Collaborative Meta-Analysis System 

To address weaknesses in data-storage and collaboration of current meta-analysis 

software, a new paradigm of meta-analysis software needs to be developed that allows for better 

data storage and enhanced communication. This research will provide a new paradigm of meta-

analysis systems through a design science methodology. Specifically, this research introduces a 

working solution to overcome the limitations of current meta-analysis software by developing 

and testing a proof-of-concept system (www.OrionShoulders.com). To understand the proof-of-

concept system, this dissertation will discuss five topics: 1) the development of a data model, 2) 

the development and features of a graphical user interface, 3) the implementation of the six 

design principles described in the previous section, 4) the first pass usability testing validates that 

the system works and is valuable, and 5) a description of the process for using the system with an 

example. 

Data Model Development 

To support data entry for a meta-analysis, this research introduces a data model that spans 

the key information that needs to be collected in a meta-analysis (see Figure 8). This section will 
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describe the components of the data model in the new system: articles, samples, constructs, 

sample statistics, construct relationships, and effect sizes.  

The article entity is used to capture information about the inclusion or exclusion from the 

analyses that will be performed. Articles also record information about whether the information 

has been captured or coded from the article. The article entity helps organize the information into 

meaningful units, but the analysis is performed on the samples. 

 

Figure 8. Data Model for New System 

The most central component of a meta-analysis is not the article but the sample(s) within 

an article. Many research articles have only one sample, but it is possible for a single article to 

report on several samples. Therefore, samples have a many-to-one relationship with articles. 

Many articles also report subsample data (e.g., groups based by condition), and therefore, 

samples also have a recursive parent-child relationship. 
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Articles report quantitative data related to the constructs measured in the study. While 

everything could be considered a construct, this research reserves the term construct for concepts 

that have means, standard deviations, and/or effect-sizes. All other information, such as contexts 

or interventions, is reserved for sample level coding. Constructs have a many-to-many 

relationship with samples as a single study can measure many constructs and a single construct 

can be included in many studies. 

The relationship between samples and constructs is where the model actually records the 

sample statistics of means and standard deviations. Sample statistics represent the measurements 

of a construct for a particular sample in a single study. 

Constructs are also related to each other by hypotheses or theoretical propositions called 

construct relationships. The relationship between construct relationships and samples is where 

the system can record effect size information. 

Graphical User Interface Development 

The interface incorporates three key features: first, a way to coordinate data entry and 

article coding; second, a comprehensive way to develop custom coding schemes; and finally, an 

easy-to-understand manner to input data. The first key feature is the ability to easily assign 

articles to the researcher, research assistant, or coder. One of the main functions of information 

systems is to enhance collaboration (Nunamaker & Briggs, 2011; Silver, 1991). There are two 

components to the proposed interface that make collaboration easier using this tool than other 

meta-analysis tools; first, it is a web-based tool supporting multiple simultaneous users and 

second, it has a database backend to allow for the recording of assignments. 

The second key feature is a comprehensive way to develop custom coding schemes (see 

Figure 9). Meta-analysis results are often seriously flawed due to inconsistent or improper coding 
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of variables (Bax et al., 2007). When running meta-analyses, researchers need to code (or label) 

moderators or other variables. These variables often come from context specific information, 

such as whether the experiments were within subject or between subjects. As no two meta-

analyses measure the same contextual information, the tool needs to be able to allow project 

owners to be able to change what they want coded and provide instructions on how something 

will be coded. 

 

Figure 9. Prototype Interface for Entering Data 

The third key feature is an easy-to-understand manner of inputting data. Information that 

fits with the task is easier to comprehend (Vessey, 1994). Therefore, making the manner of data 

entry fit with the interface will make inputting data easier. While a spreadsheet interface is 

recognizable, it doesn’t walk the user step-by-step as to what needs to be accomplished as one 

codes an article. This research proposes a tab-oriented interface as seen in Figure 9. This tab-

oriented interface will focus the attention of the user on one task at a time and allow for faster 

and more accurate data entry. Additional interface screenshots can be found in Appendix A. 
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Implementation of Design Principles 

This research has introduced six design principles for collaborative meta-analyses: 

process restriction, task organization, information sharing, task coordination, terminology 

definition, and simple interfaces. This dissertation will now discuss how these design principles 

were implemented into the collaborative meta-analysis tool.  

Process restriction was implemented by creating individual panels or views for each task. 

This focuses the user on the task at hand without distraction from other tasks. For example, in 

Figure 10, there are tabs for each task and sub task. Each of the tabs is a separate view for the 

user. 

The tabs also have the benefit of organizing the tasks for the user and acting as 

guideposts on what to do next. Figure 10 shows the path that the typical coder takes. The coder is 

currently on the ‘Study Info’ tab, and when the coder is done with that task, he/she can move on 

to the ‘Interventions’ tab and then the ‘Constructs’ tab. 

 

Figure 10. Example Screenshot of the Collaborative Meta-Analysis System 
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Information sharing was implemented in various ways. First, information sharing was 

implemented by the ability to share PDFs and notes in an online system. All of the PDFs are 

stored online (see Figure 11). Everyone with access to the project has the PDFs available to 

them. Information sharing was also implemented by having all of the coding stored in an online 

database. As all of the information is stored online, any project member can see the coded 

information that they are permitted to see at any time. 

 

Figure 11. Example Screenshot of the Article Repository 

Task coordination was implemented by being able to assign articles to different coders 

(see Figure 12). Not only can coders be assigned to an article, but they can be assigned as the 

second or even third coder. When the coder logs in, they will only be able to see the articles 

assigned to them. This style of coordination reduces the complexity of knowing which articles to 

code over coordination by email. 

Terminology definition was implemented by allowing the project owner to insert a 

definition for every field (see Figure 7). This allows the group to consistently code variables for 

each article. Every coder has access to the definition at any point during coding. 
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Figure 12. Example Screenshot of Task Coordination 

Simple interfaces were implemented throughout the system. Part of what makes the 

interfaces simple is the low profile navigation menus. These allow for easy navigation without 

interrupting the flow of the user. Second, the single task views provided by the tabs only show 

what is necessary for the user to complete each task. To further test our implementation of the 

design principles, we performed a test of usability by getting actual users to provide feedback. 

This will be discussed next. 

Usability 

To verify the usability of the new collaborative meta-analysis system, we gathered 37 

people with varying degrees of meta-analysis knowledge to use the system. Overall, there was a 

positive reaction to using the system. For example, one user said, “We're already finding that it's 

an extremely helpful and powerful tool.” More important than the positive reaction were the 

bugs that were found in the system that we were able to fix and the requests for new features. 
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Bugs Findings 

Most of the bugs that were found were related to connecting coders/workers to the 

project. For example, one project owner told us: “I added my research assistant as a worker last 

week and assigned her to code a few articles. After logging in, she was told that ‘You do not 

have any projects, yet.’ I assigned her to code a few articles, and for a first step, I would really 

like her to be able to upload articles. I can't seem to get her on the project, though she is showing 

as a worker on my account.” 

Another user was having difficulty getting to the data entry screen as the first coder on a 

project. This user told us, “According to your instructions, I have been assigned as a first coder 

and I do not have to do any double checking. But currently, the system doesn't allow me to 

change options related to initial coding (i.e. finished initial coding/not finished initial coding). It 

treats me only as a second coder.” 

Fortunately, these were simple interface fixes that we were able to correct.  

Feature Requests 

Beyond bug fixes, the use of the tool inspired other ways to make a collaborative meta-

analysis easier. We received feedback with regards to: the ability for the project owner to add 

notes to articles before assigning the articles to users and uploading additional files (more than 

just the article PDF) for the workers. Multiple people requested the ability to import and export 

to EndNote. We were able to add all of these features to the system. 

The Collaborative Meta-Analysis Process 

The new collaborative meta-analysis comes with a broad overall process to use the 

software (see Figure 13). The steps are fairly general, but these give the user the understanding 
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of what the major steps are. After discussing the overall process, we will give a detailed example 

on using the system. 

 

Figure 13. Process of a Collaborative Meta-Analysis 

The steps to using the software are 1) create the project, 2) setup the project, 3) gather 

articles, 4) get workers, 5) let the workers code the articles, and 6) run the analysis. This paper 

will now discuss each of these in turn. 

The first step is creating the project. There are a couple of ways of doing this using the 

collaborative meta-analysis software. Project owners can use the default setup, import a project, 

or duplicate a project that they already have. 

The second step is setting up the project. This step involves creating the fields that the 

project owner wants coded for each article. Some fields typically included are the percentage of 

males and females in the study, the location where the study took place, and the education level 
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of the participants. The system has an easy-to-use interface for creating all of these fields as well 

as defining the terminology for the coding of these fields. 

The third step is gathering articles. Articles can be uploaded from a CSV or EndNote file 

or entered manually. There is also a tool in the system to search ISI and Google Scholar for 

relevant articles to help with the search process. 

The fourth step is getting workers. The system allows a project owner to invite workers to 

collaborate with. These workers can be sent an email specifying how to log on and become a part 

of the project. Once workers are part of the system, the project owner can assign articles to them. 

The fifth step is letting the workers code the articles. The system will guide the workers 

through the coding of the articles to ensure accurate information for the project owner.  

The sixth step is running the analysis. The system currently has two different algorithms 

for running meta-analyses with more to be added in the future. The project owner can select 

different constructs on which to run the analysis and see how different moderators affect the 

relationship between constructs. 

Groups and Interventions: An example of a 2x2 experiment 

Many experiments cross two constructs (aka conditions) or more in their conditions or 

groups. Orion Shoulders uses the term group to refer to the different conditions in an experiment. 

In the case of a 2x2 experiment, there are four groups representing the existence or lack of a 

construct. In the case of Table 2 (based on Shaw et al., 2013), the experiment crossed 

deceptiveness with interviewer supportiveness resulting in four groups. Figure 14 shows the 

added groups. 
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Table 2. Example 2x2 experimental conditions based on Shaw et al., (2013) 

 Silent/Unsupportive 
Interviewer 

Speaking/Supportive 
Interviewer 

Truthteller Group 1 Group 2 
Deceiver Group 3 Group 4 

 

These four groups however, are not completely distinct; each group shares interventions 

with two other groups. OrionShoulders refers to an intervention as something that the researchers 

did to manipulate the participants or separate one group of participants from another. In this case, 

the researchers have four interventions: truthteller, deceiver, silent interviewer, and speaking 

interviewer. Each group has two interventions (e.g., group 2 received the truthteller and the 

speaking interviewer interventions). Figure 15 shows the interventions added to the groups in 

OrionShoulders. 

 

Figure 14. Added Groups 
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Figure 15. Added Interventions 

 
Future Research 

The goal of designing this new system was to create a meta-analysis software that was 

better than current meta-analysis software in four ways: 1) easier to use, 2) reduces data 

redundancy, 3) reduces data-entry errors, and 4) increases process satisfaction. This dissertation 

will not empirically test these four enhancements, but it will lay out a plan of how this can be 

accomplished. 

According to Gregor and Hevner (2013) there are seven sections needed in a design 

science paper to maximize impact: introduction, literature review, method, artifact description, 

evaluation, discussion, and conclusion. This dissertation performs all except the evaluation. The 

evaluation should demonstrate that the systems does what it was designed to do (Gregor & 

Hevner, 2013). For a meta-analysis system, the best way to demonstrate the four ways in which 

the new system is designed to be better would be a controlled experiment where participants set 

up in collaborative groups perform a meta-analysis. Participants would be randomly assigned to 
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groups and each group would be randomly assigned to one of the four meta-analysis systems 

discussed in this dissertation: MIX, Comprehensive Meta-Analysis, Hunter-Schmidt Meta-

Analysis System, or Orion Shoulders. All groups would be given the same instructions on how to 

perform a meta-analysis and what information needs to be collected. Groups would then be left 

to self-organize and divide up the labor.  

To compare each of the four enhancements scale items would be used to measure 

perceived ease of use (Davis, 1989; Venkatesh & Davis, 2000) and process satisfaction (Dennis 

et al., 2001). The other two enhancements will be measured by calculating the number of data 

entry errors by the group and the amount of redundant data recorded by the group. These two 

numbers can be easily calculated by analyzing the data storage of the four systems. 

The results of the experiment can then be analyzed to compare the four systems with each 

other. Orion Shoulders, the new meta-analysis system, can then scientifically show whether it is 

a better or worse system with regards to each of the four supposed enhancements. 

Conclusion 

While there are tens-of-thousands of meta-analyses performed each year, the current tools 

to perform meta-analyses have some design limitations that reduce the efficiency of performing a 

meta-analysis. This research proposed a new collaborative meta-analysis system to overcome the 

limitations of current software. In developing this new system, this research contributes to 

science by synthesizing six design principles from collaboration technology research for better 

meta-analysis software design and contributes to meta-analysis practitioners by providing them 

with a better software tool to perform their meta-analyses. 
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CHAPTER 3. LINGUISTIC SYSTEMATIC REVIEW AND META-ANALYSIS 

Linguistic analysis systems, such as LIWC (Tausczik & Pennebaker, 2009), GATE 

(Gaizauskas et al., 1996), SPLICE (Moffitt et al., 2012), and Agent99 (Biros et al., 2005) use 

language to detect cognitive or emotional states that are present in spoken or written text. But 

there are not consistent findings in linguistic research regarding which cues are indicative of the 

states (e.g., Bond Jr. & Depaulo, 2006; Zhou, Burgoon, Twitchell, et al., 2004). Therefore, the 

systems that are built on scientific research are inconsistent as well. 

Language expresses more than just ideas but attitudes, moods and more (Bradac, 

Courtright, & Bowers, 1979). Language can be computationally examined to capture these cues 

in many contexts like deception detection (Fuller, Biros, Burgoon, & Nunamaker, 2013), user 

frustration, and author identification. This chapter focuses on the use of language for deception 

detection. 

For centuries, people have attempted to detect deception in a systematic manner. The 

polygraph is a means of systematically attempting to detect deception, but can only be used in 

very structured interviews where the person of interest can have instruments that contact the 

body (Twitchell et al., 2006). Due to these limitations, researchers have investigated the use of 

spoken and written words as a manner of detecting deception. 

Researchers believe that deception induces a few emotional or cognitive processes (e.g. 

cognitive load, guilt), that result in many behavioral changes (Zuckerman, DePaulo, & 

Rosenthal, 1981). Over the years, researchers have come up with more than 100 different cues 

that show evidence of being associated with deception (see Appendix B for a list of articles). 

Researchers tie their cue of interest back to some of these few behavioral or cognitive processes, 

stating that, for example, distancing can be measured by deceivers using fewer 1st person 
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pronouns. Often, the cues are tied to the behavioral or cognitive processes through an exploratory 

factor analysis, resulting in factors that are not consistent across studies (Burgoon et al., 2014; 

c.f., Zhang, Fan, Zheng, & Liu, 2012). But the measured cues are really physical indicators of 

these higher-level processes in a like manner that a survey item is an indicator of a latent 

variable. If this analogy to survey items is accurate, then we should be able to use statistical 

procedures used in survey construction to analyze the many different cues. This paper performs a 

meta-analysis to collect correlations of these cues and then runs a confirmatory factor analysis to 

examine the strength of each cue to its posited behavioral or cognitive processes. The goal of this 

paper is to create an evidence-based model of the cues of behavioral and cognitive processes. 

This goal leads to the following research question: 

RQ: What behavioral and cognitive constructs are measured by which linguistic 

measures? 

The remainder of this chapter discusses: first, a literature review on the linguistic cues of 

deception and second, the meta-analysis and results. 

Linguistics Cues of Deception 

There are a few major theories of deception that propose to explain the behavioral and 

cognitive constructs related to deception (Leakage Theory (Ekman & Friesen, 1969), Four-

Factor Theory (Zuckerman et al., 1981), and Interpersonal Deception Theory (Buller & Burgoon, 

1996)). Many of these theories are based on work by Charles Darwin who discussed how 

cognitive processes and emotional states might result in possible involuntary tells of deceit 

(Darwin, 1965). All of the theories of deception point to two overarching types of behavioral or 

cognitive constructs during deception: nonstrategic cognitions and behaviors, and strategic 

cognitions and behaviors (Buller & Burgoon, 1996). Nonstrategic cognitions and behaviors are 



 

Chapter 3. Linguistic Systematic Review and Meta-Analysis 49 

those that are not controlled by a communicator during message production and include things 

such as emotions and nervous twitches (Buller & Burgoon, 1996). Strategic cognitions and 

behaviors are those that are deliberately performed during communication (Buller & Burgoon, 

1996). For example, a liar may get nervous when telling a lie leading to increased adrenaline 

production by the body (nonstrategic), but may also lead the conversation to a different topic to 

divert attention (strategic).  

While there are many behavioral and cognitive constructs discussed in the literature of 

linguistics of deception, they are rarely consistently defined or measured. The goal of this 

chapter is to provide a better model for these constructs. This paper conceptualizes three 

nonstrategic cognitive constructs (cognitive load, event recollection, and guilt) and four strategic 

cognitive and behavioral constructs (credibility portrayal, distancing, dominant behavior, and 

hedging) resulting from deception (see Figure 16). These seven constructs are either explicitly 

defined or at least conceptually discussed in deception literature. This chapter will discuss each 

of these constructs and in turn discuss each of the linguistic cues associated with them. 

Cognitive Load 

Cognitive load is the amount of cognitive resources a person is using at any one moment 

(DePaulo et al., 2003; Sporer & Schwandt, 2006). Cognitive resources are finite and therefore, 

not all simultaneous activities can be performed with equal efficiency at the same moment in 

time (Vessey, 1991). When people’s mental processes are taxed, they have fewer resources to 

control their word choice and thus their communication is more likely to contain behavioral 

indicators of cognitive load (Buller & Burgoon, 1996; Vrij et al., 2008).  
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Figure 16. Constructs and Measures of Linguistic Deception 

Lying is more cognitively complex than truthtelling and therefore, liars use verbiage that 

is easier to access to reduce cognitive load (Buller & Burgoon, 1996; Newman, Pennebaker, 

Berry, & Richards, 2003). The increased complexity is due to liars’ need to be strategic in their 

actions and behaviors to avoid being caught (Buller & Burgoon, 1996). The amount of strategy 

needed to successfully lie increases cognitive load and makes other behaviors harder to control. 

Increased cognitive load during deception is reflected in linguistics in three ways: an increased 

number of filled pauses, a decrease in language complexity, and a decrease in linguistic 

diversity. 
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Filled Pauses 

As cognitive load increases due to the creation of a lie, people pause before they speak, 

often filling the pause with a speech disturbance, such as ‘um’, ‘er’, ‘uh’, and ‘ah’ (Sporer & 

Schwandt, 2006). Filled pauses are speech disturbances that are used in oral communication 

often between thoughts (Sporer & Schwandt, 2006). Filled pauses are distinct from unfilled 

pauses, which are periods of silence without vocalization (Sporer & Schwandt, 2006).  

When cognitive load increases due to the creation of deception, people pause before they 

speak and in between statements, often filling the pause with a speech disturbance (Arciuli, 

Mallard, & Villar, 2010). Filled pauses indicate that communicators want or need longer time to 

prepare what they are going to say that is compounded by cognitive demands (Humpherys, Carl, 

& Burgoon, 2010; Watanabe, Hirose, Den, & Minematsu, 2008).  

H1. Filled pauses will factorially load on the cognitive load construct. 

Language Complexity 

Language complexity is the degree to which the communicated words and sentences are 

at an advanced level of sophistication. Language complexity is reflected in syntactic complexity, 

the degree to which a sentence has multiple phrases and clauses, and semantic complexity, how 

difficult the language is to understand (usually measured by quantity of syllables per word) 

(Burgoon, Buller, Guerrero, Afifi, & Feldman, 1996; Humpherys, Moffitt, Burns, Burgoon, & 

Felix, 2011; Zhou, Burgoon, Twitchell, et al., 2004). Complex language takes more cognitive 

effort to generate than simple language (Newman et al., 2003). Therefore, when deceivers are 

trying to communicate under high cognitive load, they will decrease their language complexity to 

reduce cognitive resources (Zhou, Burgoon, Twitchell, et al., 2004).  

H2. Language complexity will factorially load on the cognitive load construct. 
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Linguistic Diversity 

Linguistic diversity is the range of the vocabulary used by a communicator (Sherblom & 

van Rheenen, 1984). Language diversity is typically measured by dividing the number of unique 

words by the number of total words. As there are more repetitions in words, the ratio decreases. 

Language diversity can also be measured by just using the ratio of unique content words (i.e., 

words that convey meaning) and total content words.  

It takes more cognitive resources to come up with new words for communication than to 

reuse words because previous words are in short-term memory and therefore more accessible 

than new words (Duran, Hall, Mccarthy, & Mcnamara, 2010). When under high cognitive load, 

people are more likely to use easily accessible words than more cognitively demanding words 

and will therefore have a lower lexical diversity (Duran et al., 2010; Hancock, Curry, Goorha, & 

Woodworth, 2005; Porter & ten Brinke, 2010). 

H3. Linguistic diversity will factorially load on the cognitive load construct. 

Event Recollection 

The second nonstrategic cognitive process is event recollection. Event recollection is the 

amount of the communication that can be retrieved from memory. On the low end of this 

spectrum, deceivers have to invent stories to tell. On the high end of the spectrum, 

communicators can recite verbatim the actions and communication of an event. 

During deception, deceivers typically are required to invent a story and therefore rely less 

on memory than truthtellers (Newman et al., 2003). While deceivers can use memories of other 

events to inform their lie, they can’t use memory for all of their communications. The amount of 

event recollection is reflected in seven different linguistic measurements: exclusive terms, 

expressivity, details, motion details, sensory details, spatial details, and temporal details. 
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Exclusive Terms 

Exclusive terms are those that are used to contrast between alternative concepts or 

presenting alternatives (Bond & Lee, 2005). Exclusive terms include ‘except’, ‘but’, and 

negations such as ‘never’ and ‘not.’ When recalling an event from memory, people are more 

likely to discuss what didn’t happen (i.e., providing alternatives for what could have happened) 

than when inventing a story (Hancock, Curry, Goorha, & Woodworth, 2008). The likelihood of 

discussing what did not happen increases when talking from memory. People that have to invent 

a story have to put more effort into creating a elaborate story when trying to include things that 

did not happen. 

During deception, deceivers are less likely to include information about what didn’t 

happen (Bond & Lee, 2005; Hauch et al., 2012; Newman et al., 2003). This is believed to lead to 

the use of fewer exclusive terms by liars (Newman et al., 2003). The idea that truthtellers use 

more exclusive words than liars is supported by a recent meta-analysis (Hauch et al., 2012).  

H4. Exclusive terms will factorially load on the event recollection construct. 

Expressivity 

Expressivity is the amount to which a communication is vivid and descriptive. 

Expressivity is a measure of the ratio of adjectives and adverbs over the nouns and verbs 

(Humpherys et al., 2011; Zhou, Burgoon, Nunamaker Jr., & Twitchell, 2004). For example, a 

communicator could say, ‘The guacamole fell on the floor’ or the communicator could say, ‘The 

bright green, spicy guacamole fell rapidly on the white shag carpet.’ The first sentence contains 

no adjectives or adverbs, while the second sentence contains adjectives (e.g., green) and an 

adverb (rapidly). Therefore the second sentence is more expressive than the first. 
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A person recalling an event from memory is more likely to be able to provide adjectives 

and adverbs than a person who is inventing a story as the activities and communications are not 

as accessible for cognition. Therefore, deceivers will be less expressive in their communication 

than truthtellers (Humpherys et al., 2011; Vizer, Zhou, & Sears, 2009; Zhou, Burgoon, 

Nunamaker Jr., et al., 2004; Zhou, Burgoon, Zhang, & Nunamaker Jr., 2004). 

H5. Expressivity will factorially load on the event recollection construct. 

Details 

Details are an important diagnostic element when trying to decide when someone is 

lying. Obviously, if someone says something contrary to a known fact, we know the person is 

lying (Vredeveldt & Wagenaar, 2013). But we can also look at the amount of details that a 

provided in a statement to try to decide if the statement is true or false. Many studies have shown 

that spontaneous lies usually contain fewer details than spontaneous truths (Clemens, Granhag, 

& Strömwall, 2013; Shaw et al., 2013). Truthtellers can include more details than deceivers as 

truthtellers are describing things from memory as opposed to inventing stories (Newman et al., 

2003). Typically, when deceivers are confronted with unexpected questions, they will give less 

detailed answers (Clemens et al., 2013; Hartwig, Anders Granhag, & Strömwall, 2007; Kassin & 

Norwick, 2004; Lancaster, Vrij, Hope, & Waller, 2013). 

H6. Details will factorially load on the event recollection construct. 

There are multiple specific types of details that can be used as measures of event 

recollection: motion details, sensory details, spatial details, and temporal details. Motion details 

are those that describe the motions or activities of the actors in an event, such as ‘went’, ‘ran’, 

and ‘go’ (Bond & Lee, 2005). A recent meta-analysis showed that liars use more motion verbs 

than truthtellers (Hauch et al., 2012) and it is believed that using motion verbs is easier to access 
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(i.e., more simple) than evaluations or judgments (Newman et al., 2003). Therefore, from an 

event recollection standpoint, motion details should be more frequently used by truthtellers.  

H7. Motion details will factorially load on the event recollection construct. 

Sensory details are details about the sensations that people experienced during an event 

(e.g., what they saw, touched, or heard) (Hancock et al., 2008; Hauch et al., 2012). Sensory 

details add a level of specificity that is hard to duplicate by deceivers (Burgoon & Qin, 2006; 

Hancock et al., 2008; Vrij, Edward, Roberts, & Bull, 2000). 

H8. Sensory details will factorially load on the event recollection construct. 

Spatial details are words that indicate location and the arrangement of people and objects 

(Fuller et al., 2013; Zhou, Burgoon, Nunamaker Jr., et al., 2004). Like the other details, it is 

harder for deceivers to generate spatial details of an invented story than for truthtellers to 

remember spatial details. Therefore, deceivers should use less spatial details than truthtellers. 

H9. Spatial details will factorially load on the event recollection construct. 

Temporal details are words that help create sequences of events and include phrases such 

as before, after, ‘and then’, and ‘before that’ (Shaw et al., 2013). As explained in the details 

section, we would expect that liars on average provide fewer details than truth tellers. As the 

temporal connectives are used to join details together, researchers expect that liars will use less 

temporal connectives than truthtellers (Lancaster et al., 2013; Shaw et al., 2013).  

H10. Temporal details will factorially load on the event recollection construct. 

Guilt 

The third nonstrategic cognition is guilt. Guilt is a “feeling of responsibility or remorse 

for some offense, crime, wrong, etc., whether real or imagined” (Dictionary.com, 2014). Other 

than psychopaths, most people feel some level of guilt when telling a lie, either about the act that 
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was committed or the intent to deceive another (Buller & Burgoon, 1996; J. R. Carlson, George, 

Burgoon, Adkins, & White, 2004; Hancock et al., 2008). Guilt during deception can be measured 

by the use of negative emotion terms. When deceivers feel guilty, they use language that reflects 

negative emotions (DePaulo et al., 2003; Hauch et al., 2012; Zhou & Zhang, 2006). Negative 

emotion terms are words that describe feelings or objects that people typically want to not 

associate with (e.g., hate, worthless, sad). 

H11. Negative emotion terms will factorially load on the guilt construct. 

Credibility Portrayal 

The first strategic action is the attempt for a deceiver to appear credible. Interpersonal 

deception theory (IDT) (Buller & Burgoon, 1996; Burgoon, Buller, White, Afifi, & Buslig, 

1999) posits that deceivers will use strategic behaviors and word choices to convince the receiver 

that they are conveying the truth. Deceivers use two linguistic techniques to convince other 

people: causation words and certainty words.  

Causation Words 

Causation words are those that describe how one actor, event, or circumstance is having 

an impact on another actor, event, or circumstance. Causation words include words such as 

‘effect’, ‘impact’, and ‘because’ (Hancock et al., 2008). These words are believed by deceivers 

to portray truth and credibility (Lee, Welker, & Odom, 2009). Therefore, communicators are 

more likely to use these types of words during deception. 

H12. Causation words will factorially load on the credibility portrayal construct. 

Certainty Words 

Certainty words are words that convey a high level of confidence in what is being 

communicated (Burgoon et al., 2014). Certainty words include ‘should’, ‘definitely’, ‘always’, 
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and ‘must’ (Lee et al., 2009). Certainty words indicate that a communicator’s attitude deviates 

from neutrality (Bradac et al., 1979). Deceivers use these words to convince the receiver that 

they feels strongly about the subject. 

H13. Certainty words will factorially load on the credibility portrayal construct. 

Distancing 

The second strategic behavior by deceivers is to distance themselves from the event 

central to the deception and not take responsibility of the act (Newman et al., 2003). The distance 

isn’t necessarily a physical distance, but a psychological distance. Distancing is the use of 

language to give the impression that the deceiver had little involvement with the event in 

question. Deceivers can use various techniques to distance themselves from the situation: passive 

voice, first-person pronouns, third-person pronouns, and generalizing terms. 

Passive Voice 

Passive voice is a style of communicating in which the subject of the sentence is acted 

upon instead of the subject of the sentence performing the action. When communicators use 

passive voice, they give emphasis to the object being acted upon instead of the actor. The use of 

passive voice perceptually distances the actor from the object being acted upon. In deception, 

one often wants to disassociate oneself with the condemning act and will create distance using 

passive voice (Fuller et al., 2013). 

H14. Passive voice will factorially load on the distancing construct. 

First-Person Pronouns 

First-person singular pronouns (I, me, myself) are considered an indicator that the 

communicator takes ownership of the statement (Newman et al., 2003). In deception literature, 

first-person pronouns are typically in the top 10 distinguishers between truths and lies (e.g., 
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Mihalcea & Burzo, 2012). If a person is telling a lie about a socially unacceptable act, the person 

will try to distance or dissociate themselves from the act and not take responsibility for it by not 

referring to themselves (Bond & Lee, 2005; Hauch et al., 2012; Newman et al., 2003). Therefore 

deceivers will use less first-person pronouns than truthtellers when communicating. 

H15. First-person pronouns will factorially load on the distancing construct. 

Third-Person Pronouns 

Third-person pronouns (him and them) are the typical replacements for first-person 

pronouns when communicators want to give credit to a group or reduce one’s involvement in an 

activity. When deceivers want to distance themselves from a situation, they will use third person 

pronouns. For example, a person could say “I was near the shooting” or “they were near the 

shooting.” The first statement implies the person was singularly close to the shooting and may be 

perceived by the deceiver to imply guilt. The second statement implies that the person was not 

part of a group of people that were near the shooting, in which any member of the group may 

have been involved. Therefore, deceivers will use more third-person pronouns than truthtellers 

when communicating. 

H16. Third-person pronouns will factorially load on the distancing construct. 

Generalizing Terms 

Generalizing terms are those that make broad claims about a large selection of people or 

objects (Vizer et al., 2009; Zhou, Burgoon, Nunamaker Jr., et al., 2004). Generalizing terms 

include ‘all’ and ‘everyone.’ These terms give the same attributes to everything inside the 

selection of the communicator. For example, when investigating the theft of a ring from a 

particular room, a communicator could say, “All rooms in the building have a large window,” or 

“This room has a large window.” The first sentence implies that the communicator is inferring 
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that the room of interest has a large window, but the communicator may not have actually been 

in that particular room. The second implies that the communicator has been in the specific room 

under consideration. Therefore, deceivers are more likely to use generalizing terms to distance 

themselves from the act or event. 

H17. Generalizing terms will factorially load on the distancing construct. 

Dominant Behavior 

Dominant behavior is a state where one communicator attempts to influence or control 

another communicator (Zhou, Burgoon, Zhang, et al., 2004). Dominant behavior is a sign of self-

confidence and influence (Burgoon, Johnson, & Koch, 1998; Zhou, Burgoon, Zhang, et al., 

2004). Deceivers want to dominate a conversation so that the receiver doesn’t have a chance to 

ask questions or think about alternatives (Zhou, Burgoon, Zhang, et al., 2004). The easiest way 

to dominate a conversation is to simply keep talking. This results in an increased quantity of 

words generated by deceivers.  

H18. Quantity of words will factorially load on the dominant behavior construct. 

Hedging 

Hedging is the use of words that introduces fuzziness in a statement (e.g., ‘I guess’ and 

‘maybe’) (Bachenko, Fitzpatrick, & Schonwetter, 2008). Hedging is used to communicate a lack 

of confidence, tentativeness, or is used to avoid commitment to an answer (Coates, 1983; 

Humpherys, 2009). Deceivers often use hedging to avoid a pure lie. Instead of answering a 

question directly, “Were you in the room? No”; “Were you in the room? Not likely.” The second 

response is a hedge that allows the deceiver to not have to directly lie. 

H19. Hedging terms will factorially load on the hedging construct. 
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Meta-Analysis 

While there have been previous meta-analyses on linguistics of deception (e.g., (Hauch et 

al., 2012; Sporer & Schwandt, 2006), this research aims to extend these other studies by 

attempting to organize the different linguistic cues into a hierarchy by looking for correlations 

between the different measures. A hierarchy is essential in linguistics of deception research to 

adhere to what is known as Brunswik symmetry (Ackerman, 2014; Wittmann & Süß, 1999). 

Brunswik symmetry explains that when constructs from two different levels of analysis are 

compared (e.g., quantity of words in an utterance, a supposed measure of the dominance 

construct, and narcissism, a construct of the big 5 personality traits measured by various scale 

items) criterion-related validity is violated and causes statistical tests to often fails to reject the 

null hypothesis (Ackerman, 2014). Therefore, since linguistics measures are measures of 

constructs, they shouldn’t be compared to other measured constructs. Instead, linguistic measures 

should be treated similar to survey items and the constructs that they represent should be 

compared to each other. If we treat the different linguist measures similar survey items for a 

construct, then we should be able to use statistical procedures used in survey construction to 

analyze these 19 different measures with respect to the hypothesized constructs. The meta-

analysis will proceed: first, by gathering and selecting relevant and useful papers, second, by 

analyzing the correlations of the linguistic measures, and finally, running a confirmatory factor 

analysis on the linguistic measures. 

Paper Gathering and Selection 

The first step to do a meta-analysis was to do a literature search for papers related to 

linguistics and deception. This step involved searching Web of Science and Google Scholar for 

articles using those keywords, looking at relevant citations in the papers found, and emailing 
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well-known authors in the field for any hard-to-find published or unpublished paper. The 

literature search revealed over 500 articles related to deception, but many fewer were likely to 

contain linguistic deception. I was able to quickly limit the scope to 116 papers by searching for 

the term ‘linguistic’ in the body of the articles. 

After reducing the article set to 116, I classified each article into one of six categories: 

usable, correct focus but no means, perceptions of deception, not about deception, not about 

linguistics, or duplicate conference paper. The first category was for articles that contained 

means for the constructs and were related to linguistics and deception. Sixteen papers fit these 

criteria.  

The second category was for those papers that were related to linguistics and deception, 

but didn’t have means and standard deviations (see Appendix B). Many of the studies that went 

into the second category studied classification algorithms based on linguistic features. As these 

studies didn’t contain means and/or standard deviations, they were excluded from the data 

portion of the meta-analysis. While it is possible to calculate the minimum possible effect size 

based on the beta-weights provided by a regression (Rosenthal, 1994; Sporer & Schwandt, 

2006), it isn’t an accurate effect size. It may still be good to find moderators and directionality of 

measures of signs of deception. For this study, effect sizes from beta-weights were not calculated 

and studies only reporting beta-weights and not correlation tables were excluded. 44 papers fit 

these criteria. 

The third category was for papers that studied the perceptions of deception rather than 

those that actually measured deceivers. In these cases, researchers asked participants what they 

thought happened when somebody was telling a lie. Eight papers fit these criteria. 
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The fourth category was for papers that were related to linguistics but didn’t involve a 

study about deception (see Appendix C). As this research is about the linguistics of deception, 

these studies weren’t included in the meta-analysis. Thirteen papers fit these criteria. 

The fifth category was for papers that were related to deception, but didn’t measure any 

linguistic features (see Appendix C). As this research is about the linguistics of deception, these 

studies weren’t included in the meta-analysis. 31 papers fit these criteria. 

The sixth category was for conference papers that were later published as journal papers 

(see Appendix C). Including both the conference paper and the journal paper would arbitrarily 

weight the findings of a single study higher than the other studies. Therefore, only the journal 

paper was used. The findings and theory from all the above papers are still included in the 

literature review portion of this paper. Four papers fit these criteria. 

Correlation Analysis 

Of the 116 papers, 16 had means of the linguistic measures that make up the hypotheses 

(see Table 3). The means from these articles were recorded in the tool Orion Shoulders 

(Giboney, Burgoon, Birk, & Nunamaker Jr., 2014). I then used the means to create a correlation 

matrix just like what researchers commonly do for constructs (see Table 4). Due to there not 

being enough information about the specific detail measures (motion, sensory, spatial, and 

temporal), all of these were combined (through averaging) into the details measurement. Where 

papers reported two measures of the same measurement (e.g., quantity of words and quantity of 

sentences), the two (or more) measurements were averaged. None of the 16 papers measured 

hedging terms. 
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Table 4. Correlations of Means of Linguistic Measures 

  1 2 3 4 5 6 7 8 9 10 11 12 13 
1 Filled Pauses              
2 Language Complexity -0.87             
3 Linguistic Diversity  1.00  0.91             
4 Exclusive Terms  NA -0.91  NA            
5 Expressivity  NA -0.86 -0.01  NA          
6 Details  1.00 -0.23  0.23  0.46  0.93         
7 Negative Emotion Terms  1.00 -0.33  1.00  0.14  1.00  0.97        
8 Causation Words  NA -0.96  NA  0.75  NA -0.99 -0.99       
9 Certainty Words  1.00  0.99  1.00  NA  NA  1.00 -0.03  NA      

10 Passive Voice -1.00 -0.09  0.08  NA  0.25 -0.03 -1.00  NA -1.00     
11 First-Person Pronouns -1.00  0.04 -0.89 -0.95  1.00  0.66 -0.49 -0.71  0.65  0.22    
12 Third-Person Pronouns  NA -0.21 -0.48  0.94  0.92  0.83 -0.43  0.41  NA  0.40  1.00   
13 Generalizing Terms  NA -0.07 -0.39  NA  NA -0.68  NA  NA  NA  0.33  1.00 0.99  
14 Quantity of Words -1.00  0.04  0.42  0.70  0.41 -0.39  0.73  0.66  NA  0.72  0.97 0.98 -1.00 
 
 

Table 4 shows that some linguistic measures were not gathered at the same time as other 

measures. An “NA” in the table means that the two linguistic measures were never gathered in 

the same study. In order to run the confirmatory factor analysis, the NAs need to be removed. To 

remove all of the NAs, filled pauses, exclusive terms, causation words, certainty words, and 

generalizing terms were removed from the analysis. I reran the correlation matrix resulting in 

Table 5.  

Table 5. Correlations of Means of Reduced Set of Linguistic Measures 

  1 2 3 4 5 6 7 8 
1 Language Complexity          
2 Linguistic Diversity  0.91         
3 Expressivity -0.86 -0.01        
4 Details -0.23  0.23  0.93      
5 Negative Emotion Terms -0.33  1.00  1.00  0.97     
6 Passive Voice -0.09  0.08  0.25 -0.03 -1.00     
7 First-Person Pronouns  0.04 -0.89  1.00  0.66 -0.49  0.22   
8 Third-Person Pronouns -0.21 -0.49  0.92  0.83 -0.43  0.40  1.00  
9 Quantity of Words  0.04  0.42  0.41 -0.39  0.73  0.72  0.97  0.98 

  

Inspection of the correlation table reveals some surprisingly high correlations. 

Specifically, as predicted by hypotheses 2 and 3, language complexity and linguistic diversity 

should be loading on the same construct. The meta-analysis reveals that they are very likely 



 

Chapter 3. Linguistic Systematic Review and Meta-Analysis 65 

measuring the same thing with a correlation of 0.91. Hypotheses 4 and 5 predicted that 

expressivity and details should also load on the same construct. The correlation matrix shows 

that expressivity and details are also likely measuring the same thing. It shows a perfect 

correlation between negative emotion terms and diversity and expressivity. This is due to the fact 

that negative emotion terms only overlaps with each of these other measures in only two 

instances, making the correlation a bit deceiving. But negative emotion terms also have a high 

correlation with details. This was not predicted by the hypotheses. The correlation between first-

person pronouns and expressivity is also high. This is again due to the existence of only two 

instances where these were measured together. Third-person pronouns and expressivity also has 

a high correlation (0.92). This was again not predicted. First-person pronouns and third-person 

pronouns were very highly correlated (0.9990). I hypothesized a negative relationship between 

these two. This could be due to the relevant deceptions in each study being conducive to 

pronouns or not. Lastly, quantity of words is highly correlated with first-person pronouns (0.97) 

and third-person pronouns (0.98). This was also not predicted. 

Confirmatory Factor Analysis 

A confirmatory factor analysis (CFA) can tell us which linguistic measures are measuring 

the same construct. It does this by creating a series of latent variables and measuring how well 

each linguistic measure loads on the latent variable. The goal is to produce a figure like Figure 

17. The lines between the circular latent variables and the square measured variables represent 

how well each linguistic variable loads on each latent construct. For example, the first line 

represents how well filled pauses measures cognitive load. 

As I explained earlier, many of the linguistic measures did not contain enough 

information to include in the CFA. Also, many of the linguistic measures were very highly 
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correlated, leading to positive definite results in the CFA models. A positive definite result 

means the correlations between two of the items is so strong that the CFA can’t reliably produce 

results. Therefore, I was constrained to the model in Figure 18. 

The final CFA model only has four latent constructs: cognitive load, event recollection, 

distancing, and dominant behavior. Each latent construct is left with only one measure. This 

means that each latent construct is actually the single measure to which it pertains. Therefore the 

CFA is not very informative. 

 

 

Figure 17. Full Predicted CFA Model 
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Figure 18. Measured CFA Model 

 
The next best thing to a CFA is an exploratory factor analysis (EFA). While a CFA is 

designed to test existing theory, an EFA is designed to give an exploratory view of what is going 

on between measures. When performing an EFA, the first place to start is to create a scree plot to 

determine how many factors to use (see Figure 19). The scree plot shows us that there are likely 

two factors represented by the nine remaining variables. 

When I ran the EFA with all nine of the linguistic variables (see Table 6), I received two fairly strong factors. 

Language complexity, in particular, didn’t load very strongly on either factor. So, I removed it to see what it would 

do to the two factors (see Table 7). The second EFA looked better as it had fewer cross loadings. Passive voice 

wasn’t loading very strongly on the second factor (and not at all on the first), so I removed it and ran another EFA 

(see Note: factor loadings below 0.4 are not shown 

Table 8). At this point, details were poorly loading on both factors, so I removed that and 

ran a final EFA (see Table 9). 
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Figure 19. EFA Screeplot 

 
Table 6. First EFA 

 Factor 1 Factor 2 
Language Complexity -0.46  
Linguistic Diversity   0.83 
Expressivity  1.11  0.43 
Details  0.81  0.57 
Negative Emotion Terms  0.47  1.24 
Passive Voice  -0.57 
First-Person Pronouns  0.90 -0.42 
Third-Person Pronouns  0.94  
Quantity of Words  0.68  

Note: factor loadings below 0.4 are not shown 

 
Table 7. Second EFA 

 Factor 1 Factor 2 
Linguistic Diversity   0.82 
Expressivity  1.01  0.44 
Details  0.74  0.58 
Negative Emotion Terms    1.23 
Passive Voice  -0.55 
First-Person Pronouns  0.98  
Third-Person Pronouns  1.00  
Quantity of Words  0.74  

Note: factor loadings below 0.4 are not shown 
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Table 8. Third EFA 

 Factor 1 Factor 2 
Linguistic Diversity   0.97 
Expressivity  0.96   
Details  0.69  0.48 
Negative Emotion Terms    1.15 
First-Person Pronouns  1.06 -0.49 
Third-Person Pronouns  1.04  
Quantity of Words  0.67  

Note: factor loadings below 0.4 are not shown 

 
Table 9. Fourth EFA 

 Factor 1 Factor 2 
Linguistic Diversity   0.98 
Expressivity  0.91   
Negative Emotion Terms    1.12 
First-Person Pronouns  1.04 -0.44 
Third-Person Pronouns  1.00  
Quantity of Words  0.87  0.43 

 
Note: factor loadings below 0.4 are not shown 

 

The fourth EFA produced two factors. Other than expressivity, the two factors represent 

nonstrategic and strategic cognitive processes. This likely means that expressivity probably 

needs to be better theorized to help capture a strategic construct. 

 
Conclusion 

The goal of this research was to create a theoretical model for linguistic measures of 

deception. This research introduced a model with seven behavior and cognitive constructs that 

occur during deception and hypothesized how each of the constructs could be measured 

linguistically. A meta-analysis was performed filtering over 500 articles down to sixteen usable 

articles. The means of the linguistic measurements of these sixteen articles were combined into a 

correlation matrix and used in a CFA and an EFA. The results weakly support the notion that 
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there are two major cognitive processes: nonstrategic behaviors and strategic behaviors during 

deception. 
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CHAPTER 4. BEHAVIORAL EXPERIMENT 

This research performed a behavioral experiment to provide proof-of-value for the 

designed meta-analysis tool and to evaluate the results of the linguistic meta-analysis performed 

by the tool. Performing the behavioral experiment will rule out common-method bias for the 

results of the linguistic meta-analysis (Pavlou et al., 2007; Podsakoff et al., 2003), while 

employing mixed methods research (Venkatesh et al., 2013). 

The goal of the behavioral experiment is to support the hypotheses introduced in chapter 

3. To test these hypotheses, I performed an experiment using online participants via Amazon’s 

Mechanical Turk. As lying and deception applies to the general population, I surveyed the 

general population of users of Mechanical Turk.  

Participants 

Participants from Mechanical Turk have been shown to perform equal to student 

populations when filling out surveys, provided that a few key conditions are met (Steelman, 

Hammer, & Limayem, 2014). The first condition is that only Mechanical Turk samples from the 

United States are comparable to student samples from the United States (Steelman et al., 2014). 

The second condition is that there needs to be techniques used to make sure that the participant is 

paying attention (Steelman et al., 2014).   

To fulfill the first condition, I only used participants from the United States. Participants 

were paid $0.25 for participating in the experiment. Participants were recruited with the 

following posting on Mechanical Turk: 

Simple survey about simple card games with $.50 bonus available 

To fulfill the second condition, after consent, participants were asked if they had any 

problems speaking English with the option ‘yes’ and ‘no.’ Those potential participants who did 
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not read carefully or really did have problems with English selected yes and were directed to a 

final screen saying that English was required. These participants were not paid. In the 

Mechanical Turk posting, it also said that English was required. While this seems like a simple 

check, I received multiple emails from the Mechanical Turk participants saying something to the 

effect of, “Your survey asked me if I spoke English, and I said ‘yes’ and then the survey ended.” 

This is evidence that they were truly not reading carefully and needed to be removed from the 

study. 

Methodology 

The goal of this behavioral experiment was to get participants to lie or tell the truth about 

a simple card game by coming up with a strategy for a card game that they knew about or did not 

know about. Therefore, participants were first asked whether they could provide a strategy for 

any or each of the following: UNO, Poker, Goofspiel, Solitaire, Blackjack, or Go Fish.  

Then participants were told: 

The following question is going to ask about your strategy to one of the card 

games above. To receive payment, you MUST NOT look up any information 

about this card game. You can NOT use the Internet, your friends, a book, or 

anything else other than the knowledge you currently have in your head. 

You will get paid extra if you can provide a really good, honest strategy for the 

card game. 

Participants were told that they would receive an extra $0.50 for proving a really good 

strategy. In reality, all participants were paid the extra money. The $0.50 was an incentive for 

participants be deceptive and look up information about a game they knew nothing about 

(Goofspiel) in order to get the extra payment. Participants were then randomly selected to either 



 

Chapter 4. Behavioral Experiment 73 

provide a strategy for one of their selected known card games or to provide a strategy for 

Goofspiel. After asking for the strategy, participants were asked to provide how they came up 

with their strategy. The intent was for some participants to be motivated enough by the extra 

money to look up how to play Goofspiel and provide that as a strategy. For example, one 

participant, after having indicated not having ever played Goofspiel before was able to perfectly 

describe how to win at Goofspiel by using an example from Wikipedia.  

To ensure that the experiment would run correctly, I ran a small pilot (n = 12). The pilot 

revealed two things. First, the pilot revealed that people did not want to lie about the Goofspiel 

strategy. Many people would not finish the experiment if they received the Goofspiel question. 

Therefore, I increased the likelihood of receiving the Goofspiel condition from 50% to 66% in 

order to ensure roughly equal Goofspiel and non-Goofspiel conditions. The second thing the 

pilot revealed was that I was wasting all of the potential liars from the non-Goofspiel condition. 

To remedy this, I added a third question that said, “In order to receive the extra payment, 

convince me that you are the best player of the game in the world.” This provided an opportunity 

for all participants to lie. Of the 528 participants that started the survey, 97 people were removed 

for answering ‘yes’ to the English question, and 333 participants did not finish the survey or did 

not lie in the statements, leaving 98 participants that gave both a truth and a lie. The results will 

reflect the responses from these 98 participants. 

Results 

The responses from the question about how the participants came up with their strategy 

were classified as truthful (except a few participants who actually did look Goofspiel up), and the 

best player in the world question was classified as a deceitful response (i.e., lie) (see Table 10). 

Using these two questions, I conducted two analyses. First, I conducted comparison tests to see 
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whether each individual linguistic measure was useful in discriminating between deception and 

truth. Second, I used all of the measures in a CFA as I described in chapter 3. 

Table 10. Example truthful and deceptive responses from two participants 

Truthful Response – Please provide a strategy for 
Goofspiel 

Deceitful Response - Convince me that you are the 
best player of the game in the world 

I have played multiple card games in my lifetime and 
many of them consist of using basic strategies. Most 
card games include grouping cards chronologically or by 
suit, typically into groups of three or more. I have 
simply combined those in my thought processes. I 
formulated my plan based on knowledge and personal 
experience. I have used similar strategies successfully in 
the past. 

I am a master Goofspiel player. I have played in 
countless tournaments around the world. My strategies 
are considered textbook. 

I just put that I didn't know what it was since I've never 
played it before. 

I grew up playing Goofspiel with my grandfather, who 
has won several national tournaments. He taught me 
everything he knew, and when I was younger, I taught 
all of my friends and I played in city tournaments. There 
weren't any kids leagues, so I learned a lot from playing 
adults, and by the time I was 12, I was beating most of 
the adults and winning tournaments. I went to state when 
I was 14 and won my first try, and I won my first 
international title when I was twenty after studying 
under some of the top players. 

 

Discrimination Between Deception and Truth 

Because participants wrote their responses and did not speak them, they did not use filled 

pauses. Also, the number of details across the different detail types was very low, so I combined 

the spatial and temporal details and did not use any of the other detail measures.  

To receive the linguistic scores, I used SPLICE (Moffitt et al., 2012). SPLICE is a web 

service that can take text and return scores for linguistic measures. The measures were put into a 

comma-separated file and ran through the R statistical tool (R Core Team, 2013). To test whether 

each linguistic measure was associated with deception, I performed a Welch’s t-test between the 

lies and the truths told by the participants. 

Language complexity was measured using the average syllables per word. Language 

complexity is predicted to lessen during deception due to cognitive load. There was no evidence 
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of language complexity being reduced during deception (t = -0.39, df = 90.83, p = 0.70) (see 

Figure 20). 

 
Figure 20. Experiment Language Complexity Box Plot 

 
Linguistic diversity was measured using the number of unique words over the number of 

total words. Linguistic diversity is expected to lessen during deception and there was little 

evidence of it being less in this experiment (t = -1.40, df = 184.86, p = 0.16) (see Figure 21). 

 

Figure 21. Experiment Linguistic Diversity Box Plot 

Exclusive terms were measured using the terms ‘but’, ‘except’, and ‘without.’ Exclusive 

terms are expected to lessen during deception. In this experiment, exclusive terms were hardly 

used at all, and therefore was not a good measure. There was no evidence of exclusive terms 

being less in this experiment (t = 0.00, df = 182.23, p = 1.00) (see Figure 22). 
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Figure 22. Experiment Exclusive Terms Boxplot 

Expressivity was measured by the ratio of adverbs and adjectives over nouns and verbs. 

Expressivity is expected to lessen during deception. Expressivity, in this experiment, was almost 

significantly less during deception than during truthtelling (t = -1.72, df = 185.75, p = 0.09) (see 

Figure 23).   

 

Figure 23. Experiment Expressivity Box Plot 

Spatial and temporal details were measured by the terms ‘next’, ‘before’, ‘after’, ‘near’, 

and ‘behind.’ Spatial and temporal details are expected to lessen during deception. In this 

experiment, spatial and temporal details were hardly used at all, and therefore was not a good 

measure. There was no evidence of spatial and temporal details being less during deception (t = 

0.00, df = 186, p = 1.00) (see Figure 24). 
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Figure 24. Experiment Spatial and Temporal Details Box Plot 

Negative emotion terms were measured using the SentiWordNet negativity score 

available through SPLICE. Negative emotion terms are expected to increase during deception. 

This experiment instead found that negative emotion terms were significantly less during 

deception than during truthtelling (t = -2.31, df = 163.06, p = 0.02) (see Figure 25). 

 

Figure 25. Experiment Negative Emotion Terms Boxplots 

Causation words were measured with the terms ‘because’, ‘hence’, ‘effect’, ‘cause’, and 

‘did.’ Causation words are expected to increase during deception. There is no statistical evidence 

that causation words increase during deception, but a glance at Figure 26 shows that it might be 

headed in the right direction (t = 1.11, df = 183.12, p = 0.27). 
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Figure 26. Experiment Causation Words Boxplot 

Certainty words were measured using the terms ‘should’, ‘definitely’, ‘always’, ‘must’, 

and ‘would.’ Certainty words are expected to increase during deception. While this experiment 

didn’t show a statistically significant result, the results appear to be going in that direction (t = -

0.37, df = 170.95, p = 0.71) (see Figure 27). 

 

Figure 27. Experiment Certainty Words Boxplot 

Passive voice was measured using SPLICE’s usage of the Natural Language Toolkit 

(NLTK). The majority of participants did not use passive voice and therefore passive voice was 

not a good distinguishing measure between truths and lies. Passive voice is expected to increase 

during deception but there was no evidence of that in this experiment (t = -1.14, df = 184.99, p = 

0.25) (see Figure 28). 
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Figure 28. Experiment Passive Voice Boxplot 

First-person pronouns were counted using SPLICE. First-person pronouns are expected 

to decrease during deception. This experiment found the opposite, that first-person pronouns 

were used more frequently during deception than during truthtelling (t = 2.92, df = 183.74, p < 

0.01) (see Figure 29). 

 

Figure 29. Experiment First-Person Pronouns Boxplot 

Third-person pronouns were counted using SPLICE. Third-person pronouns are expected 

to increase during deception. While in this experiment the increase was not significant, it was 

pretty close (t = 1.84, df = 161.04, p = 0.07) (see Figure 30). But the significance is mainly in the 

outliers and not in the majority of the statements. In fact the majority of the statements had no 

third-person pronouns. Therefore, it is not a good measure in this study. 
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Figure 30. Experiment Third-Person Pronouns Boxplot 

Generalizing terms were measured using the terms ‘all’, ‘everyone’, ‘anyone’, and 

‘every.’ Generalizing terms are expected to increase during deception. In this experiment, 

generalizing terms were significantly higher during deception than during truthtelling (t = 2.74, 

df = 159.27, p < 0.01) (see Figure 31). 

 

Figure 31. Experiment Generalizing Terms Boxplot 

Quantity of words was measured by counting individual words in the statements of the 

participants. Quantity of words is expected to increase during deception. In this experiment, 

quantity of words was significantly higher during deception than during truthtelling (t = 2.01, df 

= 177.58, p = 0.05) (see Figure 32). 
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Figure 32. Experiment Quantity of Words Boxplot 

Hedging terms were counted using SPLICE’s hedging dictionary. Hedging is expected to 

increase during deception. While the results of this experiment are significant, Figure 33 shows 

an increase during truthtelling (t = -2.83, df = 173.92, p < 0.01). 

 

Figure 33. Experiment Hedging Terms Boxplot 

In summary, hedging and negative emotion terms were lower during deception than 

during truthtelling, while generalizing terms, first-person pronouns, and quantity of words were 

higher during deception than during truthtelling. Expressivity, complexity, linguistic diversity, 

causation, and certainty were all non-significant. I also found that exclusive terms, 

spatial/temporal terms, passive voice, and third-person pronouns were poor measures in this 

experiment. 

Confirmatory Factor Analysis 

A CFA can tell us which linguistic measures are measuring the same construct. Like the 

goal of the meta-analysis, I wanted to see how well the experiment supported the nomological 
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structure in Figure 17. Unlike the meta-analysis, I had complete correlations among all of the 

measures (see Table 11).  
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Table 11. Experiment Measure Correlations 

  
M SD 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 Language Complexity   1.35   0.14 
             2 Linguistic Diversity   0.79   0.09 0.088 

            3 Exclusive Terms   0.15   0.39 -0.009 0.037 
           4 Expressivity   0.11   0.06 0.132 0.428 -0.060 

          5 Spatial/Temporal Details   0.10   0.33 -0.160 -0.187 0.013 -0.140 
         6 Negative Terms   0.04   0.03 0.024 -0.060 0.009 0.129 -0.027 

        7 Causation Words   0.28   0.53 -0.130 -0.138 -0.073 0.019 0.155 0.039 
       8 Certainty Words   0.29   0.59 -0.209 -0.076 0.066 -0.065 0.158 -0.048 0.031 

      9 Passive Voice   0.01   0.04 0.013 -0.085 0.023 -0.047 -0.007 -0.034 -0.139 -0.009 
     10 First Person Pronouns   0.10   0.04 -0.139 -0.095 -0.082 -0.016 0.023 -0.001 0.105 0.089 -0.022 

    11 Third Person Pronouns   0.01   0.01 -0.043 -0.015 0.084 -0.170 -0.015 0.022 0.105 0.051 -0.084 -0.092 
   12 Generalizing Terms   0.31   0.57 -0.123 -0.099 0.249 -0.202 0.039 -0.094 -0.059 0.092 0.019 -0.029 0.172 

  13 Quantity of Words 48.47 25.52 -0.067 -0.687 0.112 -0.519 0.278 -0.054 0.183 0.093 0.015 -0.160 0.170 0.301 
 14 Hedging Terms   1.74   1.60 0.023 -0.253 -0.023 -0.187 0.220 0.123 -0.060 0.223 0.067 -0.032 0.094 0.085 0.403 
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Unfortunately, like the meta-analysis, the CFA of all of the measures leads to a 

covariance matrix that is not positive definite. This means that there is a linear dependency 

among the variables that allows the algorithm to completely predict on variable by another 

variable or by a combination of other variables. The non-positive definites can be seen in Table 

12.  

Table 12. Experiment Covariance Matrix of Full Model 

  1 2 3 4 5 6 7 
1 Cog. Load   212.535       
2 Event Recol.       0.000      0.000      
3 Guilt       0.000      0.000      0.001     
4 Cred. Port.      -0.009      0.000      0.001  370.314    
5 Distancing       0.000      0.000      0.000     -0.003     -0.023   
6 Dom. Behav.      -0.115     -0.010     -0.041      2.427      0.025  651.897  
7 Hedging       0.008      0.000      0.006     -0.056      0.005    16.474    2.558 

 

The first attempt I made to remedy this was to remove the variables that were not very 

informative in the study: exclusive terms, spatial and temporal details, passive voice, and third-

person pronouns. The resulting CFA was still not positive definite. So, I started with the last two 

linguistic measures (hedging and quantity of words) and added each measure one at a time, 

removing any variables that caused the CFA to not be positive definite or caused the algorithm to 

not converge. This process created a model that was not positive definite (see Figure 34). 

This model had nine degrees of freedom and had a non-significant chi-square (p = 0.457). 

The non-significance of the chi-square means that there are likely no other paths that should be 

considered to improve the model. I also used other measures of fit to see how well the data fit the 

model. The comparative-fit index (CFI) of this model was 1.00–should be equal to or above 0.95 

(Mackenzie, Podsakoff, & Podsakoff, 2011). The RMSEA of this model was 0.000–should be 

equal to or below 0.06 (Mackenzie et al., 2011). While these numbers reflect scores that are 

within acceptable limits, their perfection is suspect. 
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Figure 34. Experiment CFA Results 

† p <= .10; * p <= .05; ** p <= .01 

 

Discussion 

The CFA of the experiment produced a model representing how the different linguistic 

measures map onto behavioral and cognitive constructs. The CFA produced some interesting 

results. I will cover all of the significant relationships of the CFA. First, the expressivity 

significantly loaded with a factor based on details. The Lavaan package in R automatically sets 
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the factor loading of the first factor to 1.00. Therefore, expressivity and details are both a 

measure of event recollection. This supports hypotheses 5 and 6.  

Generalizing terms and third-person pronouns did not significantly load with first-person 

pronouns on distancing. This likely means that these three variables are not a measure of 

distancing. Future research should look into how to better measure distancing using multiple 

variables. 

The other arrows in the figure are the covariances between the latent variables. These 

represent where the latent variables are moving up and down together. For example, credibility 

portrayal and hedging significantly covary. In deception, these two should often be seen together.  

Overall, the behavioral experiment adds two things to the results of the meta-analysis. 

First the experiment allowed me to test multiple variables that were not in enough studies in the 

meta-analysis. Second, the behavioral experiment adds a test of the causal mechanisms of 

deception on linguistic cues. The experiment was able to demonstrate that details and 

expressivity are both measures of the event recollection construct and can be used 

interchangeably (albeit negatively related) as measures of deception. The behavioral experiment 

also was unable to support the theory that first-person pronouns, third-person pronouns, and 

generalizing terms are measures of distancing. Future research should look into better theoretical 

causal mechanisms for these measures or better tests of the current theory.   
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CHAPTER 5. CONCLUSION 

This dissertation has two main contributions: first, it discusses the development of a new 

tool for collaborative meta-analyses and second, it performs a meta-analysis on the linguistics of 

deception. The meta-analysis is supported by a behavior experiment in which participants lied 

about a simple card game. 

To develop the tool, this dissertation outlines features of a collaborative meta-analysis 

tool: process restriction, task organization, information sharing, task coordination, terminology 

definition, and simple interfaces. These features are discussed and implemented in a new system 

www.OrionShoulders.com.  

Following the completion of the meta-analysis system, this dissertation performed a 

systematic review and meta-analysis of the linguistics of deception. Through the systematic 

review, this dissertation found seven behavioral and cognitive constructs that could be measured 

through linguistics during deception. By performing the quantitative meta-analysis, this 

dissertation showed these seven constructs could be readily factored into strategic and 

nonstrategic behaviors. This dissertation also demonstrates the importance of reporting 

quantitative measures in articles or online supplements as many of the papers on linguistics of 

deception do not report the quantitative details needed for a meta-analysis. 

To support the meta-analysis, this dissertation also performed a behavior experiment 

where participants engaged in deception. The results of the behavioral experiment showed that 

expressivity, third-person pronouns, and generalizing terms were significantly correlated with 

deception. A confirmatory factor analysis performed on the experiment data also helped confirm 

that the seven constructs discovered through the systematic review process are related to 

deception. 
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APPENDIX A. SCREENSHOTS OF THE SYSTEM WITH DESCRIPTIONS 

 

A screenshot of the project page. The projects are listed in tabular form showing the number of 

articles and the number of workers in the project. There are also icons on the right for the 

different tasks for each project. 
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A screenshot of the upload screen. This allows the user to import data from Excel, CSVs, or 

many other formats. 
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A screenshot of the create project page. This is a straightforward page that allows the user to 

create projects with a name, but also allows the user to import data at the very beginning of the 

project. In this panel users can also duplicate their other projects. 
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This page allows the user to edit details about the project. Specifically this allows the user to get 

to other edit pages such as study info, constructs, etc. 
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This allows the project owner to generate fields for coders that pertain to the theory or overall 

concepts of the article. 
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This page allows the project owner to add fields to the study pages. In this example the project 

owner wants to collect information about the type of subject, the race, the average age, the years 

of education, and more. The software allows the project owner to select different types of fields 

to display to the coders.  
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This page allows the project owner to customize how coders record interventions. 
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This page allows project owners to customize how coders record constructs from the article. This 

allows the project owner to record specifics about the constructs such as the scales that are used 

and how many items are in the scale. 
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This page allows the project owner to customize how coders record statistics. Typically, means, 

standard deviations, and reliability are used in a meta-analysis. 
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This page allows the project owner to customize how coders record effect sizes. 
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This page is a unique feature of this software beyond all other meta-analysis software. This page 

allows the project owner to search ISI for relevant articles. This allows the user to put check 

marks next to the articles that the user might want to add to the project. This is part of making 

the search process for the meta-analysis faster. 
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This page allows the project owner to upload PDF files for the coders as well as determine which 

articles should be coded and which ones shouldn’t be. 
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This page allows the project owner to add and remove workers. Workers help code the articles 

and studies. The project owner can also see how many articles are assigned to each worker. 
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This page allows the project owner to assign articles to coders. The coders can be assigned to be 

the first, second, or even third person to code the article. This layered coding allows the 

information to be double or even triple checked. 
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This is the enter data screen. On this screen coders can see the articles that are assigned to them. 

When coders are assigned as the second or third coder, the article is shown but not available until 

it is their turn to code. 
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This page is the first part of coding a single article. This page allows coders to add notes, 

hypotheses, quotations, or figures to the current article. 
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The second part of adding information about a single article is specifying the studies that are 

associated with the article. Here coders can record study specifics such as the average age of the 

participants, their level of education, and any other information that the project owner set up 

ahead of time. 

 



 

Appendix A. Screenshots of the System with Descriptions 106 

 

On this page coders enter in the constructs that are in the article. Specifying the constructs allows 

studies to be combined later. Where different articles use different names for the constructs, a 

construct category can be specified for grouping constructs.  
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This page allows the coder to enter the important quantitative data associated with the study. 

Usually this is in the forms of means and standard deviations. The software allows the user to 

enter information for each group and each time in the study as well as overall means and 

standard deviations. 
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Along with means and standard deviations, meta-analyses often also collect effect sizes (e.g., F-

value or T-value). This page allows coders to collect effect size information. 
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This page allows the project owner to manage which constructs are pertinent to the current meta-

analysis. Through this page the project owner can combine the constructs reported in the studies 

into meta-contructs. 
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This page lets the project owner view the progress of each of the workers. The project owner can 

see the number of articles assigned to each coder and how many articles that coder has 

completed. 
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This page allows the user to see all of the information collected in the project in a spreadsheet-

like interface. The user can select the different columns to view and even save different tables for 

later viewing. 
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This page lets the user run an analysis on the coded data. The user can select from all of the 

constructs that were recorded in the project to use as constructs in a relationship. The user can 

also select moderators from publication year to the scale that was used in the study. 
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