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Abstract: Experimental research has been widely used within the information 
systems (IS) field. Using a meta-review, this study examines the use of 
experimental research in the IS field during the period 1990 to 2013 and 
investigates the utilisation of statistical techniques, particularly multivariate 
analyses. This study provides important information regarding the pattern of 
experimental research in the IS field (i.e., experimental designs, treatments, 
tasks, incentives and participants). This study finds that multivariate analysis of 
variance (MANOVA) is frequently used as the multivariate statistical technique 
in experimental IS research. While the use of multivariate analyses is common 
in recent experimental IS research, concerns remain about the potential 
inappropriate use of measurements and violations of statistical assumptions 
required by the various multivariate analyses, for example, using ordinal scales 
rather than interval scales and issues surrounding the normality of data. This 
article is intended to offer guidelines to help future researchers be aware of the 
statistical issues and to mitigate the shortcomings that arise due to inappropriate 
use of measurements and violations of the statistical assumptions in 
experimental IS research. 
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1 Introduction 

The success of information systems (IS) implementation is not only about the technology 
itself, but how humans or organisations can use IS to improve their performance. The 
understanding of human behaviour when using information technology has been widely 
investigated in the field of IS. Researchers in this field have often employed experimental 
designs to study the interactions between humans and IS. The major advantage of the 
experimental research approach is experimental control and high internal validity 
(Compeau et al., 2012; Recker, 2013). Experimental methods within the IS field are 
valuable in understanding human interactions with IS (Recker, 2013), however, a 
criticism levelled at the method is its inability to achieve generalisability and that it is 
artificial (Dennis and Valacich, 2001; Compeau et al., 2012). 

Experimental methods have been applied in the field of IS since the early 1970s with 
the research being published in several leading accounting or IS journals, for example, 
Journal of Information Systems (JIS), the International Journal of Accounting 
Information Systems (IJAIS), MIS Quarterly (MISQ), Information Systems Research 
(ISR), and Decision Support Systems (DSS). A preliminary observation was conducted to 
investigate the use of experimental research in the field of IS. The initial sample journal 
was JIS because Lowensohn and Samelson (2006, p.227) identified this journal as  
‘one of the top academic research journals in accounting information systems (AIS)’. 
Furthermore, Coyne et al. (2010) surveyed 517 academics from the American 
Accounting Association (AAA) and found that JIS is perceived to be the best journal in 
terms of AIS topical areas. Since the journal’s first edition in 1986, 37 experimental 
research articles have been published. Experimental research design can be analysed 
using simple or complex statistical techniques. Based on the analysis conducted,  
29 articles employed univariate statistics to analyse the data, while the remaining eight 
articles used multivariate statistics. 

The use of multivariate statistics in IS research is popular. We contend that this 
situation occurs due to the close linkage between IS research and human psychology 
research. This link is particularly relevant to IS research that investigates the interaction 
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between humans and computers. Multivariate analysis of variance (MANOVA) provides 
researchers with the ability to measure complex psychological processes that involve 
many dependent variables (Vallejo and Ato, 2012). Thus, the use of MANOVA in IS 
research is very important. In addition, with the incorporation of recent advanced 
statistical analysis in IS research, the use of multivariate statistical analysis utilisation in 
experimental IS research is warranted (Shmueli and Koppius, 2011). 

This study focuses on the application of experimental research and the use of 
multivariate statistics in IS research. The general question that this article seeks to 
address is how multivariate statistics are employed within experimental IS research? To 
address the question, we used an additional sample of articles from IJAIS and DSS. This 
meta-review analysed published experimental research designs and evaluated the use of 
statistical techniques. By investigating experimental research and their statistical 
techniques, the use of this method in the field of IS can be examined. Such investigation 
can help provide useful information for further development of the research field. The 
following questions represent the aims of this article: 

1 How has the use of experimental research been used within the field of IS from 
1990s to 2013? 

2 What is the relative frequency of multivariate statistical analysis used in the 
experimental studies? 

3 Specifically, when and how has MANOVA been used in experimental IS research? 

The organisation of this paper is as follows. First, the selection process for the relevant 
sample of articles is described. Second, the use of experimental research is explained. 
Third, multivariate techniques in the field of IS are presented. Fourth, several issues 
relative to the use of MANOVA in experimental IS research are discussed. Fifth, the 
paper offers guidelines for future research before concluding. 

2 Materials and methods 

2.1 Data sources 

Sciencedirect and Business Source Premier/Ebsco were used to identify relevant articles 
regarding experimental IS research. Representative articles were selected from JIS, IJAIS 
and DSS for this study. JIS and IJAIS were included in this study because these journals 
are among the top journals in the field of accounting and IS [Lowensohn and Samelson, 
(2006), p.227] and among the best AIS journals as determined by AAA academics 
(Coyne et al., 2010). DSS was included as an additional sample journal from the top ten 
journals in the field of management IS (Rainer and Miller, 2005). 

2.2 Research design 

This study is a systematic meta-review of experimental IS research. Given this article 
focuses on the review of experimental research articles that use multivariate analyses, the 
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methodology and the statistical techniques are the main determinants for the selection of 
articles listed in two bibliographic databases (Sciencedirect and Business Source 
Premier/Ebsco) from 1990s to 2013 (see Table 1 for inclusion criteria). Keywords used 
were [experimental research], [experiment], and [experimental]. The search produced  
37 relevant articles from JIS, together with 108 and 166 potentially relevant articles from 
IJAIS and DSS, respectively. Subsequently, we conducted an examination of the articles 
included in this study. As the coding variables (i.e., research topics, experimental 
treatment(s), task(s), incentives, participants, and the statistical technique used) are 
clearly mentioned in the sample articles there is no need to have two data coders (Potter 
and Levine-Donnerstein, 1999). After carefully reading the articles’ abstracts, methods, 
and statistical analyses, the articles were classified according to their statistical analysis, 
that is, multivariate analysis including MANOVA, multivariate analysis of covariance 
(MANCOVA), multiple regression, structural equation modelling (SEM), and partial 
least squares (PLS). Eight articles in JIS, 10 articles in IJAIS, and 17 articles in DSS fit 
the multivariate statistical use criteria for meta-review analysis (see Figure 1). We then 
analysed each article and categorised it based on experimental topics, experimental 
treatments, experimental tasks, incentives, participants, and statistical analyses. The 
articles selected in this study are listed in Table 2. 
Table 1 Literature selection criteria 

Criteria Inclusion criteria 

Research domain Business information systems, accounting information systems and 
decision support systems 

Research methods Experimental research, that is, research in a simulated laboratory 
environment that manipulates and controls the various experimental 
variables and subjects [Palvia et al., (2006), p.2]. We excluded 
experimental research related to software or mathematical model 
simulations or algorithms testing that require no human psychological 
interaction. 

Statistical analysis multivariate analysis [multivariate analysis of variance (MANOVA), 
multivariate analysis of covariance (MANCOVA), multiple regression, 
structural equation modelling (SEM), and partial least squares (PLS)] 

Figure 1 Diagram for article selection 

 Keyword [experimental research], [experimental], and [experiment] within the title or abstract 
published from 1990’s to 2013 

JIS = 37 articles IJAIS = 108 articles DSS = 166 articles 

Articles retained in the literature review based on experimental research 
using multivariate statistical analysis. 

JIS = 8 articles IJAIS = 10 articles DSS = 17 articles 
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Table 2 Sample of experimental IS research 

Journal Author(s) 
Journal of Information 
Systems (JIS) 

Hard and Vanecek (1991), Steinbart and Accola (1994), Boritz and 
Hunton (2002), Greenstein and Hunton (2003), Hunton et al. 
(2004), Loraas and Wolfe (2006), Wolfe and Loraas (2008), 

Cornell et al. (2011) 
International Journal of 
Accounting Information 
Systems (IJAIS) 

Dunn and Grabski (2000), Rose (2001), Dull et al. (2003), Kaplan 
and Nieschwietz (2003), Hampton (2005), Basoglu et al. (2009), 
Pennington and Tuttle (2009), Diaz and Loraas (2010), Gomaa  

et al. (2010), Arnold et al. (2012). 
Decision Support 
Systems (DSS) 

Lim and O’Connor (1996), Dowling and St. Louis (2000), George 
et al. (2000), Nysveen and Pedersen (2004), Turetken and Sharda 
(2004), Corral et al. (2006), Schuff et al. (2006), Van der Heijden 

(2006), Fang and Holsapple (2007), King et al. (2010), Huang et al. 
(2012), Lankton et al. (2012), Figl et al. (2013), Gettinger et al. 

(2013), Gupta et al. (2013), Parkes (2013), Yi et al. (2013) 

We examined the 35 articles for their experimental methods including the experimental 
treatment(s), task(s), incentives, participants, and statistical technique(s) used. The first 
analysis examines the use of experimental IS research in general by addressing six 
important questions. 

1 What type of experimental design is employed in IS research? 

2 What are the overarching topics in experimental IS research? 

3 How do IS researchers using experimental methods operationalise treatments in their 
research? 

4 What types of experimental tasks were used to manipulate variables? 

5 How and what incentives were used in experimental IS research? 

6 What types of participants were used in experimental IS research? 

Second, the analysis then examines multivariate statistical analyses in the research. The 
result of this second analysis is the relative frequency and the evaluation of each 
multivariate statistical technique used in experimental IS research. Third, the study 
investigates the use of MANOVA in particular as this multivariate statistical tool is 
frequently utilised in experimental IS research. The MANOVA statistical assumptions’ 
requirements are the basis for conducting this analysis which seeks to explore how 
MANOVA is used in such research. We used literature in the area of multivariate 
statistics to help guide the explanation of MANOVA utilisation in experimental IS 
research and inform avenues for future research. 

3 Results 

3.1 Experimental research in IS 

The use of experimental research in the IS’s fields dates from early 1970 and became 
prominent after publication of the ‘Minnesota experiments’ (Jarvenpaa et al., 1985). The 
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Minnesota experiments were a series of experiments conducted by researchers at the 
University of Minnesota from the period of 1970 to 1975 to uncover the impact of IS 
characteristics on decision activities (Dickson et al., 1977). From its early development 
until the early 2000s, the use of the experimental method attracted analytical comments 
from IS experts (e.g., Jarvenpaa et al., 1985; Dennis and Valacich, 2001). Experimental 
research needs carefully designed research protocols. In addition, criticisms regarding 
reliability and internal validity should be deliberately addressed (Jarvenpaa et al., 1985). 
An investigation conducted by Dennis and Valacich, (2001, p.18) found that researchers 
‘followed the rules less often than most scholars would admit’. Therefore, attention to 
reliability and internal validity is important. 

All experimental research in the sample articles was undertaken via laboratory 
experiments. The articles, however, differ in their experimental designs. Five types of 
experimental designs were found: one-shot, factorial design, between-subject design, 
within-subject design, and mixed (between-subject design and within-subject design). 
The one-shot design requires no comparison whether between-subjects or within-subjects 
and observes the experimental treatment using one group and the treatments’ effect on a 
response variable. Between-subjects or within-subjects or mixed design compare the 
difference between factors relative to response variables, for example, comparing a 
control group with an experimental group, or comparing the performance of particular 
group prior to and after experimental treatments (i.e., pre-test and post-test performance). 
A factorial design specifically investigates the interaction between each factors relative to 
response variable(s). Table 3 lists the experimental design and the number of articles 
associated with the respective design. 
Table 3 List of experimental designs in IS research 

Experimental design Number of article 
One-shot 1 
Factorial design 20 
Between-subject design 10 
Within-subject design 2 
Mixed design (between-subject design and within-subject design) 2 

Total 35 

After conducting the literature survey, we found several (four) overarching topics that 
appear in the sample articles. The topics are: information processing and decision 
making, information technology adoption or acceptance, data modelling and 
management, and IS design and use. Table 4 shows the detail of research topics and their 
description from the sample articles. 

The experimental method involves the application of a treatment to one or more 
independent variable(s) and seeks to understand the effect on the dependent variable(s). 
Two important characteristics within experimental research are experimental treatment(s) 
and randomisation. The experimental treatment is a way to examine the effect of one or 
more variable(s) in experiments by manipulating and controlling the variable(s). 
Treatments in experimental research must be randomised. This principle has underlain all 
types of experimental research from the simplest to the most complex. Randomisation is 
the core concept which differentiates experimental research from quasi-experimental 
research. In quasi-experimental research, researchers do not randomise experimental 
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treatments. Randomisation plays an important role in understanding the effect of the 
treatment, by making the control and treatment groups comparable (Ayres, 2007) and by 
helping decrease confounding factors (Dodge, 2008). 
Table 4 Topics in experimental IS research 

Topics Descriptions 
Information processing 
and decision making 

This topic includes the investigation of how users manage 
information, seek information, acquire information, and handle 
information overload to enhance their performance. This line of 
research also evaluates the use of computer-based information 
systems to support individual, group or organisational decision 
making. 

Information technology 
adoption or acceptance 

This line of research describes user acceptance of information 
systems and technology  

Data modelling and 
management 

This topic includes the evaluation of data representation to support 
individual, group and organisational performance, and organisational 
data management. 

Information systems 
design and use 

This topic is related to the investigation of users’ involvement or 
perceptions in information systems design and evaluation, and how 
users utilise information systems to enhance their performance. 

We found several types of experimental treatments that appear in the selected articles, 
i.e., asking participants to interact with information (e.g., information visualisation, 
computer-based information, and information vignette) provided in the experimental 
materials, distracting participants, and providing a special environments. Researchers 
have implemented these treatments in two different ways. Most researchers used one 
experimental treatment and only four studies from the selected articles use two 
experimental treatments. For example, Dowling and St. Louis (2000) and  
Van der Heijden (2006) used two treatments, that is, interacting with information and 
providing a particular environment. Basoglu et al. (2009) and Gupta et al. (2013) used 
two treatments namely, interacting with information and distracting participants (i.e., 
high and low frequency of interruptions). 

Experimental treatments can be translated into one or several experimental task(s). 
All of the treatments in the sample articles required participants to do one or several 
task(s) to achieve the goal of the experiment. Those tasks include reading information, 
watching video, forecasting information, reviewing information, responding to 
information, evaluating information, extracting information, decoding numbers, filling 
out questionnaires and answering questions. Several researchers only translated their 
experimental treatment into one task (e.g., Hard and Vanecek, 1991; Steinbart and 
Accola, 1994; Lim and O’Connor, 1996; Dunn and Grabski, 2000; Dowling and  
St. Louis, 2000; George et al., 2000; Kaplan and Nieschwietz, 2003; Hampton, 2005; 
Corral et al., 2006; Van der Heijden, 2006; Huang et al., 2012; Gomaa et al., 2011; 
Cornell et al., 2011; King et al., 2010; Parkes, 2013), while several other researchers used 
more than one task to apply their experimental treatment(s) (e.g., Rose, 2001; Boritz and 
Hunton, 2002; Dull et al., 2003; Greenstein and Hunton, 2003; Hunton et al., 2004; 
Nysveen and Pedersen, 2004; Turetken and Sharda, 2004; Loraas and Wolfe, 2006; 
Schuff et al., 2006; Fang and Holsapple, 2007; Wolfe and Loraas, 2008; Basoglu et al., 
2009; Pennington and Tuttle, 2009; Diaz and Loraas, 2010; Arnold et al., 2012; Lankton 
et al., 2012; Figl et al., 2013; Gettinger et al., 2013; Gupta et al., 2013; Yi et al., 2013). 
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Table 5 Types of treatments and tasks in the experimental IS research 

Treatments Tasks Source 

Interacting with information Answering several questions. Hard and Vanecek (1991) 
Interacting with information Evaluating an internal control. Steinbart and Accola (1994) 
Interacting with information Forecasting the cases given Lim and O’Connor (1996) 

Interacting with information Explaining how to collect 
information. 

Dunn and Grabski (2000) 

Interacting with information, 
providing special 
environment 

Engaging in a discussion in 
formulating privacy for a 

corporate’s e-mail. 

Dowling and St. Louis 
(2000) 

Interacting with information Reviewing the information 
appearing in the experimental 

material. 

George et al. (2000) 

Interacting with information Watching a video clip, 
studying financial ratios and 
making investment decisions. 

Rose (2001) 

Interacting with information Reading the materials and 
filling out questionnaires. 

Boritz and Hunton (2002) 

Interacting with information Extracting information from 
financial statements and 
responding to a series of  

11 questions. 

Dull et al. (2003) 

Interacting with information Reading case material and 
completing questionnaires. 

Greenstein and Hunton 
(2003) 

Interacting with information Responding to several sealed 
manipulations in a website 

provided. 

Kaplan and Nieschwietz 
(2003) 

Interacting with information Reading and assessing risks. Hunton et al. (2004) 
Interacting with information Interacting with the web and 

completing questionnaires. 
Nysveen and Pedersen 

(2004) 
Interacting with information Responding to visual displays 

and completing three groups of 
questions. 

Turetken and Sharda (2004) 

Interacting with information Evaluate the cases using 
intelligence decision aids. 

Hampton (2005) 

Interacting with information Recalling tasks. Corral et al. (2006) 
Interacting with information Reading an outline and 

completing cognitive 
questionnaires. 

Loraas and Wolfe (2006) 

Interacting with information Interacting with an application 
and completing questionnaires. 

Schuff et al. (2006) 

Interacting with information, 
providing special 
environment 

Making a purchase decision. Van der Heijden (2006) 

Interacting with information Performing a practical task and 
completing questionnaires. 

Fang and Holsapple (2007) 



   

 

   

   
 

   

   

 

   

    Experimental research and multivariate statistical analyses 255    
 

 

    
 
 

   

   
 

   

   

 

   

       
 

Table 5 Types of treatments and tasks in the experimental IS research (continued) 

Treatments Tasks Source 
Interacting with information Reading a case and assessing 

the situation given in the 
experimental material. 

Wolfe and Loraas (2008) 

Interacting with information, 
distracting participants. 

Responding to questions and 
engaging in two types of 

distracting situations. 

Basoglu et al. (2009) 

Interacting with information Responding to graphs and 
completing questionnaires. 

Pennington and Tuttle 
(2009) 

Interacting with information Reading a vignette and 
completing questionnaires. 

Diaz and Loraas (2010) 

Interacting with information Responding to a given task. King et al. (2010) 
Interacting with information Assessing a given case. Gomaa et al. (2011) 
Interacting with information Performing a decision making. Cornell et al. (2011) 
Interacting with information Reading materials to assess 

company risks, forecasting the 
future stock price, and 

responding to a demographic 
questionnaire. 

Arnold et al. (2012) 

Interacting with information Seeking information and 
performing tasks related to 
specific technology issues. 

Lankton et al. (2012) 

Interacting with information Accomplishing a stock 
investment task by using the 

provided DSS. 

Huang et al. (2012) 

Interacting with information Reading a tutorial regarding 
process modelling grammar 

and responding to 
questionnaires 

Figl et al. (2013) 

Interacting with information Engaging in a problem 
representation demonstration 

and a training session, and 
responding to questionnaires. 

Gettinger et al. (2013) 

Interacting with information, 
distracting participants. 

Browsing two particular 
websites and searching for 

information, and engaging in 
two types of distracting 

situations. 

Gupta et al. (2013) 

Interacting with information. Making a recommendation 
based on the materials 

provided. 

Parkes (2013) 

Interacting with information. Viewing a particular website 
and responding to 

questionnaires. 

Yi et al. (2013) 

The diversity of experimental treatments and tasks attracted comments from Jarvenpaa  
et al. (1985), who noted that such diversity can lead to different results and difficulties 
comparing findings from different studies. We contend that such difficulties, however, 
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are not a major concern because the strength of an experimental research is in its ability 
to make causal inference (Babbie, 2007). Table 5 summarises the type of experimental 
treatments and tasks. 

Aside from describing the findings related to the experimental treatments and tasks, 
we also provide evidence related to other two important issues, that is, the use of 
incentives and the types of participants in experimental IS research. These two important 
issues have generated a lengthy discussion among researchers (Smith, 2003; Compeau  
et al., 2012). The use of incentives to motivate individuals to achieve particular 
performance has produced contradictory arguments. Gneezy and Rustichini (2000), 
Heyman and Ariely (2004), and Thomas and Velthouse (2009) found incentives may 
decrease individual performance. In contrast, Bonner and Sprinkle (2002), and Benabou 
and Tirole (2003) found positive relationships between incentives and individual 
performance. Despite these contradictory findings, the use of incentives in the sample 
articles came with no expectation to increase individuals’ performance. Rather, IS 
researchers used incentives in their experimental research to attract participants and to 
reward the participants’ for taking the time to participate in the experimental studies. Two 
different types of incentives were noted during literature review, that is, additional course 
credits and monetary prizes or purchased equipment. From the 35 sample articles, 
whereas 19 articles reported that the author(s) provided incentives to their participants. 
Of the 19 researchers, six of them provided two types of incentives to attract participants. 
Sixteen articles were found to provide no incentives for experimental research 
participation. Table 6 lists the types of incentives found in the literature review. 
Table 6 Types of incentives in experimental IS research 

Incentives Description 
Additional course credit 
points 

Giving participants additional credit points for particular courses as 
a reward for participation in an experimental study. 

Monetary 
prizes/purchased 
equipment 

Providing participants cash, prizes, movie vouchers, shopping 
vouchers and other related purchased equipment for experimental 
research participation. 

No incentives Provide no incentives for experimental research participation. 

The use of students as participants in experiments has raised a long academic discourse 
(Smith, 2003; Tangpong and Ro, 2008). Both in the accounting field and the IS field, this 
topic has created opponents and proponents (see, e.g., Elliott et al., 2007; Compeau et al., 
2012). Over the period of 1990 to 2010, there is no significant change of the percentage 
of the research using students in the two leading journals (i.e., MIS Quarterly and 
Information Systems Research) [see, Compeau et al. (2012) for review]. Compeau et al.’s 
study and this current study confirm that this practice is still widespread. Debates have 
been taking place on this topic concerning the generalisability and the different 
characteristics of students compared to those of professionals (Compeau et al., 2012). 
Despite this controversial issue, there is, apparently, no significant difference in 
responses between accounting or IS professionals and students (Bean and D’Aquila, 
2003; Liyanarachchi and Milne, 2005; Elliott et al., 2007; Tangpong and Ro, 2008) 
unless the purpose of the experiment is to assess ethical dilemmas (Bean and D’Aquila, 
2003). Compeau et al. (2012) also suggest several recommendations to mitigate this 
problem, such as admitting the issue of generalisation, identifying the intended 
population to generalise, justifying the appropriateness of using students in research, 
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discussing the potential limitations, and presenting the implications of choosing students 
as participants. Table 7 summarises the types of participants used in experimental IS 
research. 
Table 7 The type of participants in experimental IS research 

Source 
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Hard and Vanecek (1991)  √     √  

Steinbart and Accola (1994) √        

Lim and O’Connor (1996)  √       

Dunn and Grabski (2000) √        

Dowling and St. Louis (2000)  √  √     

George et al. (2000) √        

Rose (2001) √        

Boritz and Hunton (2002)       √  

Dull et al. (2003) √        

Greenstein and Hunton (2003)       √  

Kaplan and Nieschwietz (2003) √        

Hunton et al. (2004)      √   

Nysveen and Pedersen (2004) √      √  

Turetken and Sharda (2004) √ √       

Hampton (2005) √        

Corral et al. (2006)  √  √     

Loraas and Wolfe (2006) √        

Schuff et al. (2006) √        

Van der Heijden (2006) √        

Fang and Holsapple (2007) √        

Wolfe and Loraas (2008)    √     

Basoglu et al. (2009) √        

Pennington and Tuttle (2009) √        

Diaz and Loraas (2010)   √      

King et al. (2010)   √      

Gomaa et al. (2011) √        

Cornell et al. (2011)  √       

Arnold et al. (2012)     √    
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Table 7 The type of participants in experimental IS research (continued) 

Source 
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Lankton et al.(2012) √        

Huang et al. (2012)    √     

Figl et al. (2013)  √       

Gettinger et al. (2013) √ √       

Gupta et al. (2013) √        

Parkes (2013) √      √  

Yi et al. (2013)        √ 

Five articles were found where professional participants were used instead of students. 
Most researchers used students (i.e., undergraduate students, professional programme 
students, graduate students, and MBA students) as participants in their experimental 
studies. In addition, four researchers used a combination of two different types of 
participants, for example, Hard and Vanecek (1991) recruited professionals or business 
managers and graduate students as participants. Nysveen and Pedersen (2004) recruited 
tourism students and a travel agency’s employees. Parkes (2013) combined novice 
decision makers (undergraduate accounting and finance students) and expert 
practitioners, and Yi et al. (2013) used mix participants including, office workers, 
technical/sales/service, self-employed, housewives, students, and other participants. 

3.2 Multivariate statistical analyses in experimental IS research 

The choice of statistical techniques depends on the studies’ research questions, 
hypotheses, and research design. Jarvenpaa et al. (1985) criticised the use of univariate 
statistics, for example, analysis of variance and t-test, in the experimental research. They 
suggested that IS researchers should avoid simplicity in their research designs as research 
should be able to understand complex phenomena by involving several variables that can 
influence other variables. Furthermore, Jarvenpaa et al. (1985) highlighted the need for 
good research design, well-prepared research questions, and the utilisation of multivariate 
statistics in experimental research studies to improve the quality of the research itself. 
The use of advanced statistical analyses in IS research, for example, multivariate 
statistical analyses, can be seen in academic publication since the early 1990s. Table 8 
indicates the type of analyses used in the selected IS research. 

Table 8 shows that MANOVA is the most used multivariate methods (43%), followed 
by multiple regression (17%), MANCOVA (14%) and path analysis (11%). Thus, 
MANOVA is frequently used in experimental IS research. 
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Table 8 Multivariate statistics utilised in experimental IS research 

Multivariate statistics Number of articles 

Logistic regression 2 

Multiple regression 6 

Multivariate analysis of variance (MANOVA) 15 

Multivariate analysis of covariance (MANCOVA) 5 

Path analysis 4 

Structural equation modelling (SEM) 3 

Total 35 

3.2.1 Multiple regression and logistic regression 

Six of the selected articles used multiple regression to analyse the data obtained from 
experiments (e.g., Dunn and Grabski, 2000; Wolfe and Loraas, 2008; Gomaa et al., 2011; 
Arnold et al., 2012; Figl et al., 2013; Gettinger et al., 2013), and two research papers used 
logistic regression (e.g., Rose, 2001; Cornell et al., (2011). Based on the analysis of the 
hypotheses in the sample articles, the use of multiple regression or logistic regression is 
used to test the hypotheses that involve categorical response variables. For example, 
Dunn and Grabski, (2000) analysed the relationship between independent variables  
(i.e., perceived semantic expressiveness, cognitive fit, accounting knowledge, field 
independence) and a dependent variable (i.e., task accuracy). Cornell et al. (2011) tested 
whether the intention to use can be predicted by perceived usefulness and process 
accountability. Cornell et al. (2011) also investigated whether actual use can be evaluated 
using two independent variables, that is, intention to use and process accountability. 

3.2.2 Path analysis and SEM 

Four of the sample articles used path analysis (e.g., Kaplan and Nieschwietz, 2003; Diaz 
and Loraas, 2010; Gupta et al., 2013; Yi et al., 2013), and three of the sample articles 
employed SEM (e.g., Hampton, 2005; Loraas and Wolfe, 2006; Basoglu et al., 2009). 
The use of this statistical technique for experimental IS research permits the use of 
perceptual data rather than ‘hard data’. Perceptual data are obtained via questionnaires 
distributed to participants after the experimental treatment whereas ‘hard data’ can be 
directly observed from the experimental treatment or variables’ manipulation. Relative to 
the research model and the hypotheses, the selected articles appeared to use path analysis 
and SEM appropriately. For examples, Basoglu et al. (2009) investigated task order of 
complexity, interruption frequency, and individual characteristics that influence 
individuals’ cognitive load and subsequently affect individuals’ decision performance. 
Four hypotheses were developed and tested using SEM in Basoglu et al.’s study. Gupta  
et al. (2013) used PLS to evaluate whether the three independent variables (i.e., hierarchy 
level of message sender, interruption frequency, and perceived task complexity) influence 
dependent variables such as individuals’ task time, quality and perceived workload. 
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3.2.3 Multivariate analysis of variance 

MANOVA is used by researchers wanting to combine several indicators that influence 
the difference in response variables. For example, Corral et al. (2006) examined whether 
there is a difference in users’ memory recall based on the difference of diagrammatic 
representation of data warehouses and the difference of experience in data modelling. 
Several indicator variables were used in Corral et al.’s study were: diagram type  
(star-schema diagram/SSD, entity-relationship diagram/ERD), diagram complexity 
(simple, complex), and experience level. While the response variables reflecting users’ 
memory recall were: percentage of entities correct, percentage of extraneous entities, 
percent of relationships correct, and percentage of extraneous relationships. By utilising 
MANOVA, Coral et al. determined that the difference in users’ memory recall is caused 
by different diagrammatic representation of data warehouses. Specifically SSD diagrams 
are more understandable than ERD diagrams. In short, MANOVA combines several 
indicator variables in one simultaneous analysis, rather than analysing the variables 
separately using ANOVAs. 

Kraska (2010) noted some of the types of research questions or multiple hypotheses 
can be tested by using MANOVA. For example, testing mean differences between 
independent variables and multiple dependent variables, examining the effects of 
independent variables on multiple dependent variables and investigating the interactions 
of independent variables on multiple dependent variables. Fifteen articles used 
MANOVA, with an additional five using MANCOVA. 

MANCOVA is a similar concept to MANOVA, except MANCOVA allows 
covariates to be included in the analysis. This covariate is an observable control variable 
can help provide an explanation and better conclusions regarding the variation and the 
effect of the treatment in each group. For example, Steinbart and Accola (1994) used 
pretest performance as a covariate to control participants’ learning and satisfaction 
affected by an expert systems design. Steinbart and Accola found that pretest 
performance was significant in controlling the variation in learning and satisfaction. This 
covariate had a significant effect on participants’ learning effects. 

3.3 Measurement controversy in statistical analysis 

Using different measurement types will result in the use of different statistical analyses. 
Failure to choose an appropriate statistical method to analyse the collected data will lead 
to erroneous and empty inferences (Marcus-Roberts and Roberts, 1987). Thus, correct 
use of measures is critical, for example, the use of interval scales rather than ordinal 
scales. Based on the analysis conducted, two articles employed path analysis using 
ordinal scales for both independent and dependent variables. Of the three articles utilising 
SEM, one uses ordinal scales for both independent and dependent variables, while two 
articles use ordinal and ratio scales for both independent and dependent variables. This 
inappropriate use of ordinal scales also occurred in MANOVA and will be discussed in 
the next section. 

The inappropriate use of measures found during this literature review confirms a 
criticism delivered by Robertson (2012) regarding the use of Likert-type scales in 
parametric statistics. Statistical problems have occurred due to the inappropriate 
treatment of Likert-type scales (ordinal scale) as intervaled scales. The investigation from 
the Proceedings of the SIGCHI Conference on Human Factors in Computing Systems 
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2009 revealed that the majority of papers using Likert-type scales employed parametric 
statistics instead of non-parametric statistics (Kaptein et al., 2010). Ordinal scales are 
widely used for variable measurement in social science research (Jaccard and Wan, 
1996). The meaningfulness of the inferences made by the analyses using ordinal-level 
variables with parametric statistics, however, could be problematic. The consequence of 
using ordinal scales is the restriction of inference using a median or mode rather than 
mean (Knapp, 1990). Hence, making inferences using mean calculations based on ordinal 
scales is questionable (Marcus-Roberts and Roberts, 1987). Thus, it can be concluded 
that the use of ordinal scales in parametric statistics is not appropriate. Researchers still, 
however, mistakenly use ordinal measures for path analysis and SEM, despite the 
problems known to occur (Knapp, 1990; Hardt and Bushcken, 2010). Marcus-Roberts 
and Roberts (1987) explained the problem of using ordinal scales clearly in their study. 
The statistical mean can be calculated from all scales as long as the scales are 
quantifiable. Calculating statistical means from ordinal scales, however, could result in 
the researchers making misleading interpretations and may lead them to make empty 
inferences (Marcus-Roberts and Roberts, 1987). Statisticians try to address this problem 
by arguing that the use of ordinal scales is still permissible as long as the differences from 
interval scales are not extreme (Jaccard and Wan, 1996). If ordinal scales have similar 
characteristics to interval scales then they may be treated as interval scales. 

Meaningful inferences can be produced if researchers understand the origin of the 
data, the characteristics of the data, and the fitness of the data with the relevant statistical 
assumptions. Statistical techniques are just a process and any quantifiable data can be 
processed with statistics, however, the concerns above, give basis to meaningfulness. 
Several experts support the use of ordinal scales as if they are interval scales (see e.g., 
Knapp, 1990; Jaccard and Wan, 1996). What appears to be inappropriate use of ordinal 
scales in inferential statistics seems to be tolerated if the measures between data items 
have equal distance. Aside from having the equal distance, ordinal-level measurements 
should also conform to assumptions of normality. Researchers need to consider the 
variability of the data measurement to maintain normality, for example, using more 
Likert-type scales points rather than less Likert-type scales points (i.e., seven-point scales 
rather than five-point scales) (Knapp, 1990). If researchers still treat ordinal-level scales 
as if they are interval scales, the concept of meaningfulness proposed by Marcus-Roberts 
and Roberts (1987) has to be kept in mind when making inferences from statistical 
results. Researchers need to understand the effect of using ordinal scales rather than 
interval scales, for example, whether the ordinal scales affect the correlation coefficient? 
or whether the interpretation fits with theoretical assumptions? 

3.4 MANOVA and MANCOVA in IS research 

We now turn our attention to analysis of the use of MANOVA in experimental IS 
research relative to the use of ordinal level measures and violations of the assumptions 
underlying MANOVA. Concerns exist around the dependent variables or response 
variables that use discrete ordinal scales instead of continuous interval or continuous ratio 
scales as recommended for MANOVA (Kraska, 2010). Only three of the sample articles 
followed the recommendation (e.g., Hard and Vanecek, 1991; Lim and O’Connor, 1996; 
George et al., 2000), while the remaining 17 articles used discrete ordinal scales as 
dependent variables. 
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Table 9 Violation/conforming to MANOVA and MANCOVA assumption 

Author(s) Statistical 
techniques 

Violation/conforming to the 
assumption 

Violation/confirmation 
report in the article 

Hard and Vanecek, 
(1991) 

MANOVA Not available No 

Steinbart and Accola 
(1994) 

MANCOVA Followed the assumption 
of homoscedasticity 

Yes 

Lim and O’Connor 
(1996) 

MANOVA Not available No 

Dowling and St. Louis 
(2000) 

MANOVA Followed the assumption 
of normality 

Yes 

George et al. (2000) MANOVA Not available No 
Boritz and Hunton 
(2002) 

MANCOVA Not available No 

Dull et al. (2003) MANOVA Not available No 
Greenstein and Hunton 
(2003) 

MANOVA Violated the assumption of 
normality 

Yes 

Hunton et al. (2004) MANCOVA Followed the assumption 
of homoscedasticity 

Yes 

Nysveen and Pedersen 
(2004) 

MANOVA Not available No 

Turetken and Sharda 
(2004) 

MANOVA Not available No 

Corral et al. (2006) MANOVA Violated the assumption 
but the authors did not 

clearly state what types of 
assumptions were violated 

Yes 

Schuff et al. (2006) MANOVA Followed the assumption 
of normality and 
homoscedasticity 

Yes 

Van der Heijden 
(2006) 

MANOVA Violated the assumption of 
normality 

Yes 

Fang and Holsapple 
(2007) 

MANOVA Not available No 

Pennington and Tuttle 
(2009) 

MANCOVA Not available No 

King et al. (2010) MANOVA Not available No 
Huang et al. (2012) MANOVA Not available No 
Lankton et al. (2012) MANOVA Not available No 
Parkes (2013) MANCOVA Not available No 

MANOVA and MANCOVA have several assumptions. The first assumption is that two 
or more nominal levels of measurements are used in the independent variables, and the 
dependent variables are, at least, continuous measures. Second, similar to ANOVA, 
MANOVA requires that observations are independent. Third, response variables or 
observations in each group should conform to multivariate normality. Fourth, the 
assumption of equality between the variance and covariance matrices of dependent 
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variables across groups (homoscedasticity), and fifth, there should be linearity among 
dependent variables and all pairs of covariate groups (Kraska, 2010). Compliance with 
the assumptions of MANOVA is important while conducting such research, particularly 
regarding the second assumption. Table 9 shows the results of examining the testing of 
the MANOVA and MANCOVA assumptions within the selected set of articles. 

From Table 9, 15 research articles in the selected experimental IS research used 
MANOVA and five articles used MANCOVA. Of the 20 articles, no available 
information was found regarding the testing of the statistical assumptions in the ten 
articles using MANOVA and in the three articles using MANCOVA. Seven authors 
clearly stated the analysis of the assumptions in their articles. The authors are divided 
into two categories, that is, those who violated the assumptions and those who did not. 
For example, research conducted by Greenstein and Hunton (2003) violated the 
assumption of normality; however, their article clearly mentioned the violation.  
Van der Heijden (2006) violated the assumption of normality as their data was 
significantly skewed. Corral et al. (2006) stated that the data in their study did not 
conform to the assumptions; however, they did not clearly report the type of the violated 
assumptions. Meanwhile, Hunton et al. (2004), and Steinbart and Accola, (1994) 
mentioned that their study followed the assumption of homoscedasticity after running 
Box’s M test to the data. Dowling and St. Louis (2000) stated that their study supported 
the assumption of normality. Schuff et al. (2006) indicated that their data was appropriate 
for MANOVA analysis after analysing the assumptions. Though eight authors mentioned 
violations of the assumptions in their articles, those authors offered no explanation how 
they tested for normality. This observation is in line with a study conducted by 
Kesselman et al. (1998). After examining 17 journals utilising ANOVA, ANCOVA and 
MANOVA, Kesselman et al. (1998) concluded that researchers are often unaware of 
validity assumptions in their research papers. 

The implication of validity assumptions, particularly non-normality on statistical 
analyses, has long been investigated, e.g., the robustness of regression to normality 
violations (Vasu, 1978; Ali and Sharma, 1996). While the effect of non-normality on 
ANOVA and MANOVA remains in question, however, violations of assumptions of 
normality are common occurrences (Kenny and Judd, 1986; Schmider et al., 2010). 
Considering such circumstances, Schmider et al. (2010) used a Monte Carlo simulation to 
investigate the robustness of ANOVA to non-normality. Their study reported that 
ANOVA is fairly robust to violation of normality assumptions. Stevens (2009) also stated 
that violations of normality and homoscedasticity assumptions in MANOVA are 
tolerable. 

4 Guidelines for future studies 

While the use of multivariate analyses is common in experimental IS research. Concerns 
remain, however, about the possible inappropriate use of measurements and violations of 
statistical assumptions required by path analysis, SEM, MANOVA and MANCOVA. 
Statisticians have conducted several statistical experiments and modelling to analyse how 
robust MANOVA is to violations of statistical assumptions (see, e.g., Vallejo and Ato, 
2012; Zhang and Xiao, 2012; Srivastava and Kubokawa, 2013). Experts also tried to 
mitigate the shortcomings that arise due to inappropriate use of measurements and 
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violations of the statistical assumptions by permitting the use of ordinal scales as long as 
the difference from interval scales are not extreme (Jaccard and Wan, 1996), analysing 
the robustness of ANOVA or MANOVA to the violation of assumptions using  
Monte Carlo simulations (Stevens, 2009; Schmider et al., 2010), and suggesting a 
modified MANOVA test (Zhang and Xiao, 2012) 

Based on the literature, this study offers suggestions for guidelines for future studies. 
First, experiments must use randomisation. For without randomisation a true experiment 
does not exist. Randomisation can be divided into random sampling and random 
assignment. Random sampling in experiment can be achieved via voluntary invitation 
and providing no information regarding the experimental methods and treatments to the 
potential participants, whereas random assignment is a random process to assign 
experimental treatments to participants (Davis, 2003). Davis suggests that random 
assignment is important to address internal validity issues in experimental research. With 
regard to the MANOVA assumptions, random assignment is the key concept that needs 
to be applied by experimental researchers to make independent observations. Failure to 
randomise will bring threats to internal validity. We found that all experimental IS 
researchers applied this concept. 

Researchers have to be aware of the statistical limitations that might underlie their 
research (Walls, 2012). This argument underpins the second guideline regarding 
normality assumptions. There are two issues relative to normality assumptions. First, 
normality should be achieved to make meaningful inference from ordinal scales. Second, 
normality is also one of the MANOVA requirements, that is, multivariate normality 
should exist in the response variables of each group in experimental research. Regarding 
the second issue, MANOVA tolerance of the violation (Finch, 2005), i.e., whether such 
tolerance can be applied to MANOVA if the response variables are ordinal scales 
remains in question. We contend that having the property of equal distance is not enough 
for ordinal scales to be treated as interval scales and be calculated using inferential 
statistics. Thus, what appears to be inappropriate use of ordinal scales in inferential 
statistics seems to be tolerated if the ordinal scales have equal distance and meet the 
requirements of normality. Normality can be achieved by several means, first, filtering 
the data and discarding any outlier data provided such removal does not affect a large 
number of data. Debate continues relative to the removal of outliers (see e.g., Judd and 
McClelland, 1989; Orr et al., 1991; Baragona et al., 2011), however, the practice has 
several advocates (see, e.g., Orr et al., 1991; Cousineau and Chartier, 2010). Second, an 
alternative to removing outliers is the replacement of outliers with possible values using 
the multiple imputation method. This technique is considered preferable to achieve 
normality rather than discarding a large number of outlier data (Cousineau and Chartier, 
2010). Third, using more Likert-type scale points (e.g., 7 and 11 points) rather than  
5 or 3 points to generate variability in data (Knapp, 1990) can reduce the amount of 
skewness in the data (Leung, 2011). Fourth, another approach to ensuring normality is 
transforming the data using techniques such as square root transformation, log 
transformation, and inverse transformation. Researchers, however, have to be aware of 
the effect of transforming the data. The unit of transformed data will be different from the 
original data, therefore, the interpretation of the data has to be carefully considered 
(Osborne, 2002). Finally, non-parametric multivariate analyses can be an alternative 
technique to conduct statistical analysis if the assumption of normality in using ordinal 
scales is not met (Finch, 2005). 
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The third guideline involves reporting both compliance with MANOVA assumptions 
and any violations of those assumptions. Several experts suggest that violations of 
normality and homoscedasticity assumptions in MANOVA are tolerable (see e.g., 
Stevens, 2009; Norman, 2010; Vallejo and Ato, 2012). Eleven studies reviewed in this 
article did not report whether violations of assumptions occurred or whether the 
assumptions were examined. If such violation occurs, awareness of the assumptions, 
however, should be reported in the research articles. Researchers should report in their 
research articles whether they examined assumptions of normality, variance and 
covariance matrices equality, and dependent variables linearity to all pairs of covariate 
groups. Such reporting will alert readers to potential shortcomings in the research and 
permit informed interpretation of the research results. 

5 Conclusions 

This article is not a statistical study and also offers no statistical models to resolve the 
aforementioned statistical issues. This paper describes the use of experimental research 
and multivariate statistical analysis, particularly MANOVA in the field of IS. Awareness 
of the issues raised in this article may provide insights to help address criticisms of 
experimental IS research and the inappropriate use of MANOVA. 

This study observes the use of experimental research in the IS field using sample 
articles obtained from three leading journals from the period 1990 to 2013. Key findings 
are briefly discussed below. Laboratory experiments are appropriate to study the 
interaction and causal inference between humans and IS. This purpose of experimental 
research will be achieved if researchers are aware of the key threats to internal validity. 
Randomisation is the key concept to minimise threats to internal validity. Factorial 
designs are most widely implemented in experimental IS research relative to other 
experimental designs. The topics pursued in experimental IS research include information 
processing and decision making, information technology adoption or acceptance, data 
modelling and management, and IS design and use. In experimental IS research, the 
experimental treatment commonly asks participants to interact with information, whereas 
various experimental tasks were used to operationalise the treatment and to manipulate 
research variables. The majority of IS experimental researchers use students as 
participants and provide incentives to reward participants’ for their involvement in 
studies. 

Relative to statistical analyses, this study found that research commonly used 
inappropriate scales of measurement and violated a number of statistical assumptions. 
This issue has been the subject of vigorous debate over the years particularly in academic 
research. This situation was indicated by several sample articles in this literature review 
(see e.g., Greenstein and Hunton, 2003; Corral et al., 2006; Van der Heijden, 2006). The 
use of statistics to support explanatory analyses in research appears to be the main 
priority even though the processes behind the statistical analyses may be problematic. 
While several statisticians have provided arguments that inappropriate use of statistical 
measurements and violations of statistical assumptions are tolerable, researchers should 
at least report any issues (if they occurred) in their studies. 

We make two possible avenues for any future research. First, extend the literature 
selection criteria for the sample articles to reveal broader patterns of the use of 
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experimental research in IS. Second, further investigation of the use of statistical analyses 
in IS research may reveal additional information, for example, the use of univariate 
statistical analyses as well as the use of parametric and non-parametric techniques within 
IS research. 
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