Computer Language Reading
EQUIVALENCE OF A PAPER-BASED AND A COMPUTER-BASED LANGUAGE TEST OF READING AS A SECOND LANGUAGE

Abstract

This study focused on the comparability of a computer-based test and a paper-based test of reading as a second language. A total of 92 Dutch students were assessed in this research and were between 12 and 16 years of age. In addition, the level of familiarity, anxiety and attitudes towards using computers were measured through a computer familiarity questionnaire, which was administered before the actual test. Measures were taken to minimise the possible influence of variables such as mode order, typing ability and environmental factors. Two different tests were administered in computer-based mode and in paper-based mode, namely Test-A and Test-B. The mean scores were compared per test version and inferences were made accordingly by conducting t-tests on the sample groups. As this was a between-subjects analysis, only the score means could be compared. The results of the analysis for both test versions showed no significant differences and computer familiarity issues appeared not to have had a negative effect on the score outcomes. As the test versions were identical across modes the conclusions drawn from the results apply only to the comparability of tests that are identical in layout, item ordering, and item structure in both test versions.

CHAPTER 1

INTRODUCTION

Computers have become of major importance in our society in many different ways. For example, by enabling us to access the most comprehensive library in the world (i.e. the internet) from about nearly any place that we can think of, computers make it easier for us to remain up to date concerning nearly all worldly related matters and even beyond. Today it seems next to impossible to even consider handling our daily affairs without involving the computer at some point, whether it is in our homes, at work, or even when we are travelling between different destinations. In addition to our personal surroundings, the importance of computers has simultaneously increased in the field of education as well where they have become important for academic development, and as a tool for assessment ( BESA, 2007).

Although the greatest impact is noticeable in the early 90's, innovations in the field of computerisation in earlier years have not been left unnoticed. Stemming from as early as the 70's and even before, works are available of researchers who were involved in observing the application of computers in educational settings( e.g. Fuhrer, 1973). From this period onwards, computer usage in these settings has steadily increased with a significant peak in the early 90's and has today spread in such a manner that it has become almost standard practice that computers are being used for both our personal, and academic development in education.

Today different levels of proficiency in, and understanding of different types of course materials are practiced, reviewed and therefore enhanced by using computers. Examples of these are many such as knowledge of a particular topic (e.g. Mathematics), or the level of proficiency in certain skills such as reading, writing, speaking, and listening. As a logical consequence, assessment of these has become available through using computers as well. An example of this is the Online Mathematics-test issued by the NAEP (National Assessment of Educational Progress) acting on behalf of the U.S Department of Education (Sandene et al., 2005). A well-known example of testing the four skills mentioned earlier is the TOEFL-test for Learners of English as a Foreign Language (USA), or its UK/Australian counterpart, the IELTS (International English Language Testing System) which is jointly managed by the University of Cambridge (ESOL Examinations), the British Council (BC) and IDP Education from Australia.

Computers are also used for determining and comparing different patterns in relation to the processes involved in the human brain when executing certain tasks or tests (e.g. Mead & Drasgow, 1993). The actual computerskills (i.e. how to use a computer) are logically among the prominent subjects that are measured and/or enhanced with help of a computer as well (i.e. IT-skills courses, Computer courses etc.).

A large number of studies have been published that incorporated the different functions of computers in educational settings. Some focused on the relation between computers and education in general (Bennett, 2002). Others looked at more specific functions, such as, the effect of using a computer to assess problem-solving skills (e.g. Vendlinksi & Stevens, 2002), or the effect of computers on students' writing (Goldberg et. al, 2003), or even how to enhance the design and delivery of (computerised) assessment delivery systems (e.g. Almond et al., 2002).

Using computers for assessment is not an as straightforward process as it may seem initially. Assessing through a computer is inevitably related to various possible influencing factors that could have an effect on the results obtained from this type of assessment like for example, a particular setting or a specific purpose for which the computer is used. Some of the possible factors that are involved will depend on the particular focus of a study such as environmental factors, issues that have to do with the computer itself, and so on. Examples of these are many and could consist of a combination of different aspects, such as, a specific group of subjects (e.g. same region) in combination with certain characteristics like race & gender (Callagher et al., 2000). Another example could be when a specific age group (Higgins et al., 2005) is combined with a particular study subject (Pommerich, 2004; 2007). Furthermore, subjects with the same profession (Mead & Drasgow, 1993) along with many others could be added to this list. This means that these types of assessment could go together with minor or major forms of necessary manipulation of the environment, the mode of presentation, or even the test takers involved as mentioned in the example. Following this, the assumption could be made that the extent to which research studies are manipulated will then also depend on the focus of that particular study. This, in turn, will then determine the specific measures that need to be taken in order for the research to reach its full potential.

As outlined earlier, there are various examples of studies that have been carried out where computers had different functions. Another example of a specific function of a computer could be when it is being used to complete a certain test or task, and after completion, the actual work done on a computer is compared to the same or to similar work done on a non-computerised counterpart (i.e. a paper and pencil version). This, to determine whether the task completed on a computer is comparable to the same or similar task of its non-computerised corresponding item. The comparing and analysing of the effect that these two versions have on the students and therefore on the results of the tests is then integrated and worked out further and forms a complete study in itself, which is called acomparability study ( Paek, 2005).

A considerable amount of comparability studies have been carried out in the past and are still being carried out today covering a variety of areas. Two prominent examples that can be given for these are studies carried out in the field of psychology (e.g. Mead & Drasgow, 1993) and in the educational sector (e.g. Puhan et al., 2007). In the two fields mentioned, the computer is mostly being used to either facilitate learning, or for assessment purposes. The latter is of interest to this particular study and will therefore be discussed in depth in the literature review section that starts from page 12.

As a consequence of the enhancements in technology as mentioned earlier, computers are being used more frequently for assessment on a larger scale. One of the initial reasons for using computers specifically for assessment purposes is the effective administration that is made possible because of it which saves Educators, Psychologists and also Clinicians considerable time as there has been a continuous increase in demand on them to administer and assess more subjects in a relatively short time ( Kapes& Vansickle, 1992). Unfortunately, this is often limited to tests that consist solely of Multiple Choice items or Short Answer Questions (e.g. Russell & Haney, 1997) and becomes more complicated when longer answers in the form of written texts are involved.

Another reason for using computers as an assessment tool is the move towards a more student centred approach in education ( Zandvliet et al., 1997) and to an individualized approach to learning in general (Organization for Economic Cooperation and Development, 1987).

As the need for using computers in educational settings increases, a supple transition from using conventional (paper-based) materials to the newly introduced computer-based materials has become essential and therefore equivalence between the two needs to be established to ensure that the same constructs are being measured in both modes of presentation, hence this comparability study.

Overview

Many studies have been carried out which compare tests administered on a computer with conventional tests administered on paper. In the field of research, these two different types of tests are generally referred to as computer- based tests and paper- based tests. Following is an overview of a selection of these comparability studies. A number of these in addition to others that are directly related to this particular study will be discussed in depth in the Literature Review section later on.

In the field of psychology, Mead & Drasgow (1993) carried out a meta-analysis in which they compared adults to young adults. They administered a total of 159 tests spread over 28 studies. They looked at three different types of tests in which they compared the two groups; the GRE (General Research Examination), the ASVAB (Armed Services Vocational Aptitude Battery) and the DAT (Differential Aptitude test). Nearly half of their subjects were cadets from the military in this particular study.

Neuman & Baydoun (1998) administered a timed clerical test to over 400 University students from which they compared the completed computer-based and paper-based test versions. Their particular test contained a reading subsection of 13- item paragraphs and will be discussed in depth later on, as it is directly relevant to this research.

De Beer & Visser (1998), who administered their test in South Africa, looked at over six hundred students and limited their test to sixteen year-olds only. The test they used for their research was the Scholastic Aptitude Test (SAT), one group took the paper-based test and the other group took the computer-based test. The test contained a verbal ability section, which is also directly relevant to this research and will therefore be discussed further in the Literature Review section.

Pommerich (2004) administered 8,600 11th and 12th graders in a period of two months (period of September- December 1998 )from atotal of forty schools respectively. The students were randomly assigned to a paper-based test or a computer-based test of one of the following subjects; English, Science Reasoning, Reading, and Mathematics. The Reading test in particular is of interest to this research and will therefore be discussed in depth later on in the Literature Review.

Higgins et al. (2005) involved 219 fourth graders and assigned them to a reading comprehension test. For this particular purpose, they had two versions of the computer-based tests and one version of the paper-based test. For one computer based- test the students had to navigate through the passages by scrolling and for the other version they were given a page turning format. Higgins et al. (2005) wanted to establish whether one of these modes of computerised testing would affect the scores positively or negatively. They also looked at the score outcomes of the two computerised versions and compared them with the outcomes on the paper-based version.

This overview gave some examples of the variety of usage of comparability studies for both L1 and L2 subjects and for different skills. However, as reading (more specifically L2 reading) is the main focus of this particular study, only related literature will be discussed in the Literature Review section.

Rationale for the Study

Computers play an important role in our daily lives. This can be determined, for example, by looking at the explosive growth in the number of computers in our homes in the last decade.

A research carried out by the National Statistics team (2006) showed that in 2006, 13.9 million households in the UK alone had access to the worldwide web from their homes which is an increase of 2.9 million (26%) since 2002. A reflection of this in the educational sector is therefore expected and, as confirmed by other studies, the computer simultaneously forced its way into the educational setting where it has become an important tool not only for facilitation of studies but for assessment as well ( BESA, 2007).

Instead of using the conventional method of assessment, computers started to replace their paper and pencil predecessors. Examples of these are many, for example, the TOEFL- test for non-native speakers of English, or the SAT-test in the USA, which both have their computer administered versions. However, this has not come without a struggle and still proves to be a serious area of debate today, which covers a completely different area of research and will therefore not be elaborated on in this study.

Many studies have been carried out since the introduction of the computer as an assessment tool and compared the computerized tests to the conventional paper and pencil tests to establish equality and therefore interchange-ability (Paek, 2005). This turned out to be more complicated than anticipated initially resulting in conflicting results obtained from the different data analyses regardless of the time period when these studies had been carried out. Besides the fact that the studies compared were not exactly the same in the two modes of testing in some cases (e.g. Taylor et al., 1998), the majority of studies came with a number of limitations and indicated that further research was needed in order to determine if student achievement on the tests was affected in any way by using a computer instead of the traditional paper and pencil.

In this study, it was important to make sure that elements such as typing ability were not decisive factors in relation to the score outcomes. This was ensured by using Multiple-Choice items and one-word answers instead of lengthy written text answers. Students' level of familiarity with computers and attitudes towards computers were also measured in this particular study in addition to the comparing of the scores of the two test versions.

Purpose of the Study

The purpose of this study was to establish whether a computer-based test could be seen as equivalent to an identical paper-based test. Specifically the focus in this study lies on an L2 reading test. The reason for choosing L2 reading as a skill to compare is that there are very few studies that have looked at this particular group (Sawaki, 2001). The studies that have been published on this subject have come up with contradicting results, some favouring the computer-based version over the paper-based version and vice versa. Furthermore, the vast majority of the studies that have been carried out on L2 learners indicated that further research is urgently needed (e.g. Sawaki, 2001; Choi et al., 2003). In addition, some of the studies that have been carried out on L2 subjects did not administer exactly the same tests, meaning the mode of presentation was not exactly the same leaving it difficult to determine whether exactly the same abilities were tested in both versions of these tests. In this particular study, the subjects have been given a test that was identical on computer to the test that was administered on paper with exactly the same questions presented in the same order in both versions. The subjects completed the tests in the same setting (i.e. classroom) and all students had twenty-five minutes to complete one test version. Before commencement, the participants were subjected to a pre-test questionnaire where computer familiarity, computer anxiety, and attitudes towards using computers were measured. This study tried to establish whether the scores on a paper-based test were any different from the scores when administered on an identical computer-based test and if there is any relation to the score outcomes and the aforementioned characteristics of the test taker measured by the questionnaire.

Limitations of the Study

This study was limited to a sample of 92 Dutch Secondary School students living in the southern part of the Netherlands. Furthermore, only a between-subjects analysis was carried out and therefore it was not possible to analyse the equality of rank orders in this particular study which would have given an in depth individual result per student. Rather this research is limited to group performances using the within-subject analysis. Another possible limitation was the fact that students were told that they were part of a study and although this has not become evident in the results of the analysis, it could have had an influence on, for example, the motivational factor.

CHAPTER II

REVIEW OF THE LITERATURE

Introduction

Computer-based assessment has become widely available throughout the world for a good number of years now. On the other hand, conventional paper-based testing remains the standard for many. The evident consequence is that both forms of assessment will exist simultaneously for some time ( McDonald, 2002).

As this situation brings forth the dependency on both types of testing, it becomes a necessity to establish the cross-mode equivalence of these tests in order to maintain uniformity in the two modes of assessment.

Cross-mode equivalence has been investigated in different ways, and two commonly implemented ways of establishing this is either by focusing on the test outcomes or on the test taking processes which are involved when testing in these two modes (APA, 1986).

This section discusses the literature that looks at the test outcomes as evidence looking at studies that produce cross-mode correlations and studies that compare the score means as evidence.

As reading covers a considerable part of many English language tests and is also an important foundation for other skills (such as writing), the focus of this review is on the comparability of a computer-based test (CBT) and a paper-based test (PBT) of reading. Considerable amount of research has been carried out on L1 subjects. Unfortunately, only little research has looked at L2 learners' reading ability specifically. Therefore, this review attempts to incorporate as much data as possible that is related to the testing of L2 subjects in reading.

Equivalence

Considerable efforts have been made in the field of research that has contributed to the investigation of equivalence issues in paper-based and computer-based testing. The vast majority of these researches have come up with similar findings with regards to the importance of establishing equivalence.

For example, the guidelines for computer based testing originating from theAmerican Psychological Association mention the following regarding this issue:

When interpreting scores from the computerized versions of conventional tests, the equivalence of scores from computerized versions should be established and documented before using norms or cutting scores obtained from conventional tests (APA, 1986, p. 18).

This is corroborated by a statement in theStandards for Educational and Psychological Testing (AERA, 1999). They mention that:

A clear rationale and supporting evidence should be provided for any claim that scores earned on different forms of a test may be used interchangeably (p. 57).

This, in turn, is confirmed by a significant part of the available literature which suggests an agreement on the fact that equivalence of a computer-based and a paper-based test should be established first, and is not to be seen as automatism (e.g. Van de Vijver & Harsveld, 1994; de Beer & Visser, 1998; Mc Donald, 2002).

In testing there are two main forms of testing batteries: a timed power test and a speeded test. In contrast to timed power tests (tests where there is no limit regarding the duration), speeded tests have time limitations imposed on the tests resulting in the actualprocessing speedbeing measured.

In the field of psychology, Mead & Drasgow (1993) observed the following with regards to speeded tests:

Empirically established validity of inferences made from a paper-and-pencil speeded test should not be assumed to automatically generalize to a corresponding computerized test (p. 453).

Moving to equivalence of computer based and paper based tests in the educational field, Mc Donald (2002) reports the following on the assuming of equivalence, he mentions that;

equivalence should not be assumed, but always needs to be demonstrated (p. 300).

He further states that;

CBA and P&P tests are likely to co-exist for the foreseeable future, with some tests existing in both formats. The issue of equivalence is therefore very significant (p. 301).
… Indicating that there is definitely a need to establish equivalence first, before making any assumptions on the equivalence of a paper-based and a computer-based test.

Establishing Equivalence

There are two major conditions that determine the equivalence of a computer-based test and a paper-based test. These are mentioned by the American Psychological Association in their guidelines:

Scores from conventional and computer administrations may be considered equivalent when (a) the rank orders of scores of individuals tested in alternative modes closely approximate each other, and (b) the means, dispersions, and shapes of the score distributions are approximately the same, or have been made approximately the same by rescaling the scores from the computer mode (APA, 1986, p. 18).

We can infer from this that the two main ways of establishing equivalence are as follows:

a) By establishing the equality of rank orders through cross-mode correlation. This is reported in many researches that focus on the cross-mode equivalence of (e.g. Mead & Drasgow, 1993; de Beer & Visser, 1998; Neuman & Baydoun, 1998; Choi et al., 2003).

b) By comparing the score means, dispersions and shapes of the scores.

In the following part, the two previous mentioned ways of establishing equivalence are being discussed more elaborately, illustrated by well known research in the field that has been conducted in the past making use of either score means only, or score means and cross-mode correlations as evidence.

Score Means Equivalence

A common approach to investigating cross-mode equivalence between a paper-based and a computer-based test is to compare the score means across the two modes.

Earlier reviews

Quite a few studies that focused on the issue of equivalence between computer-based and paper-based testing have been carried out and have been reviewed in other research (e.g. Bugbee, 1996; Sawaki, 2001).

McDonald (2002) looked at some of the main possible variables that could affect students' performances on paper-based vs. computer-based tests. As his study is fairly recent, his review (among others) will be discussed in the variables section later on.

The study that concerned itself with an L2 reading test is the study of Sawaki (2001). In his study, he reviewed a total of nine different studies that had been carried out on the comparability of reading tests in paper-based and computer-based testing modes in detail (i.e. Belmore, 1985; Heppner et al., 1985; Reinking & Schreiner, 1985; Reinking, 1988; Fish & Feldmann, 1987; Feldman & Fish, 1988; McKnight, Richardson, & Dillon, 1990; McGoldrick et al., 1992). He noted that most of the studies showed a similar level across the two modes (six out of nine studies) with regards to score outcomes. Only one study favored the paper-based version and the remaining two studies showed interactions. Looking at the analysis as a whole, it seems to lean more towards equivalence (six out of nine studies) than discrepancy.

However, the studies reviewed by Sawaki (2001) were based on relatively older computer devices ( mostly stemming from the 80's), and looking at the advancement of the technology in the 21st century, it is likely to assume that these will have improved significantly, implicating that it would have improved the computer-based testing quality as well to a certain extent. The public availability of computers (e.g. internet cafes, schools, libraries, etc.) indicates that the access of the general population to these devices has presumably increased significantly (e.g. Higgins et al., 2005) and could therefore have contributed to this evolvement as well.

The British Educational Suppliers Association (BESA, 2007) confirm this with regards to the educational sector. They published a study that they had carried out which involved the Majority of the State Schools in the UK (Primary as well as Secondary education). They looked at matters that had to do with computer usage and computer availability from 2001 up to 2007 at these establishments and came up with the following results:

As for access to the internet, they reported that in 2001:

30% of primary schools indicated good pupil access to the Internet .This has now

increased to 70% of schools( pg.6).

As for Secondary Education, they noted that:

In 2001, 41% of secondary schools indicated that pupils had good Internet access compared to 66% in 2007 (pg.6).

Concerning the usage of computers they mentioned the following:

In 2005 around 40% of schools indicated using ICT in literacyclasses more than 10% of the

time. This has doubled to 80% of primary schools in 2007. This compares to 57% of secondary

schools using ICT in English classes in 2007 - up from 22% in 2005 (pg.11).

Looking at future expectations, a typical Primary School is expected to have 43 computers connected to the internet in 2008. For a typical Secondary School, the expected number is 250. An additional 104,000 computers is expected to have internet access by April 2008 (BESA, 2007).

As there appears to be a significant increase in the access to and the usage of computers in educational establishments alone, it could be recommendable to look at familiarity issues in future research in order to establish whether the computer familiarity/ anxiety issue is still a significant variable to be taken into account.

Specifics

Quite a number of studies have been carried out on the comparability of paper-based and computer-based tests with some of them including a reading comprehension sub-section. Most of these studies compare the score means across test modes in between-subjects analyses or within-subject analyses. The main difference between the two types of analyses can be summarized as follows:

As for the between-subject analysis, different test takers are assigned to both test conditions (i.e. test taker A does not take test version A and B of the same test).As for the within-subjects analysis, the same test takers are tested in both conditions (Test taker A completes version A and B of the same test). In addition to the score means, the equal rank order condition is assessed in case of the within-subject analysis, whereas for the between-subjects analysis, the score means only are compared. In certain cases of between-subjects analyses, a prior test is required to establish the equivalence of the reading ability of the participating groups first. This could be done for example by using a common paper-based test (Russell, 1997; 1999).

The following section focuses on score mean comparisons and cross-mode correlations in studies using either one or both of the previous mentioned analyses.

Review of Comparability Studies

Some of the reviewed studies in this paper (e.g. de Beer and Visser, 1998; Neuman and Baydoun, 1998; Choi et al., 2003) made use of a within-subject design, which makes it possible to look at cross-mode correlations as well as score mean comparisons between the two modes. The outcomes and particulars are outlined below.

The study of de Beer and Visser (1998) administered a group of 242, and a group of 371 South African students on a paper-based version and a computer-based version of an identicalScholastic Aptitude Test.

Looking at the two groups of participants they administered, the first group took the computer-based version first and the paper-based version second. Worth mentioning is that the subjects did significantly better in the paper-based mode whereas the score means for the other group ( who took the paper-based version first and the computer-based version second) were not notably different. This could imply that the lower mean on the computer-based version for the first subgroup could have been due to their unfamiliarity with the computer-based mode of testing.

Looking at the cross-mode correlation, the verbal ability section scores correlated very well at .91 and .96. As for the slightly higher outcome (.96), this was realised when the paper-based version was given first. The possible underlying cause for this difference has been mentioned in the previous paragraph.

The Neuman and Baydoun (1998) study involved more than 400 (L1) University students. The subjects took a paper-based and a computer-based version of an Identical Clerical Skills Test, which contained a reading subsection. In general, there were almost no significant differences between score means across modes, with only a few notable differences. Therefore, Neuman and Baydoun (1998) mentioned in their conclusion that as far as the analysis of the reading section was concerned, the items did not show difference in functioning across the different formats and were therefore considered comparable.

As for the cross-mode correlation, they obtained a score of .84 for the 13-item paragraph for reading, which indicates that as far as the equality of the rank orders are concerned, they could be considered as being more towards equivalence than towards discrepancy.

The study of Choi et al. (2003) involved 258 L2 learners of English at Korean universities. The reading subsection was tested in both modes and a notable mode effect that showed a relative difficulty in the computer-based version became visible. Choi et al. (2003) explained this as being a possible variable of test mode (un)familiarity as indicated earlier (e.g. in the study of de Beer & Visser, 1998; Sawaki, 2001, and in more recent studies, Horkay et al., 2006).

However, unlike some of the other studies mentioned, the test contents in Choi et al.'s (2003) study were not the same across modes, which might have influenced the test outcomes negatively or positively.

Another thing worth noting is that a large group of the administered students in their study reported a form of 'eye-fatigue'. This had also been reported in an earlier study by Choi (2000) and by others who came up with similar results in their studies where students had to read longerpassages on a screen (e.g. Larson, 1999; Sawaki, 2001; Blackhurst, 2005).

The cross-mode correlation for the reading (sub) section turned out to be .63, which is lower than the previous reviewed studies. However, after correcting for measurement error, the cross-mode correlation became .93, which is significantly higher than measured initially. Looking at the difference after this correction, the conclusion could be drawn that Neuman and Baydoun's (1998) study could have had a possible higher outcome as well had it been corrected for measurement error as were the case in Choi et al.'s (2003) study.

Puhan et al. (2007) compared the score means across the two modes of a writing test, a mathematics test, and a reading test, using the 'Cohen'sd'' method (Cohen, 1988). The analysis can be summarized as follows:

The mean of the computer-based test outcomes and the mean of the paper-based test outcomes are divided by a standard deviation of both, which results ind.
The guidelines mentioned by Cohen (1992) for the effect ofdare:
1. small effect (d is approximately 0.20)

2. moderate effect (dis approximately 0.50)

3. large effect (dis approximately 0.80)
Analysis of the results showed that the score means of the reading subsection correlated very well at 0.28, which brings the outcome in category a) 'small effect', meaning that there was no statistically significant effect detectable ( Puhan et al., 2007).

K-12

A number of comparability studies have been carried out on K-12 subjects specifically. A selection of these are reviewed below.

Russell's (1999) study involved over a 100 secondary School students. He compared the score means of a Language Arts test and a Science test using a between-subject analysis. Therefore, the rank order differences could not be established which could be considered as one of the limitations in his study. He found that in the Language Arts test (which contained a reading sub-section) were no significant group differences.

However, he mentioned that keyboarding skills could be a possible variable that might affect the test scores positively or negatively. He pointed out that students with a keyboarding speed of at least 0.5 did moderately better on the computer-based test and vice versa it had a significant negative effect with regards to the outcomes when the students' typing speed were below the 0.5 margin.

Looking at more recent research, Pommerich (2004) involved a group of 11th and a group of 12th graders her study. She compared the scores of a computer-based version and a paper-based version of different tests, namely a Science test , an English test, and a Reading test. The results obtained from the Reading test did not point out any significant differences in the mean scores. Although some significant differences at item level concerning the p-value were found, it did not have a great impact overall as the majority of items did not exceed <+ .05 in the Comparability 2 modus, and overall not exceeding

<+ .10 on nearly all items. According to Cohen's (1988) standard, 0.20 is even considered to be a small effect and a 0.50 is given the label 'medium effect'. Therefore, (although there were some significant differences detected at item level) the paper-based and the computer-based versions of the tests were found to be comparable. The (possible) underlying cause(s) for the differences at item level (or in general) are discussed in the following variables section on page 25.

As for the reading sections in the majority of the studies conducted at K-12 level, a larger part seems to favour comparability across modes ( e.g. Russell, 1997, grades 6, 7 and 8, Russell, 1999 grade 8, Russell 2002, grades 6, 7 and 8, Pommerich, 2004, grades 11 and 12).

However, in many of the papers presented a variety of factors that could possibly have had an effect on the score outcomes across modes have been mentioned. De Beer & Visser (1998) for example mentioned mode familiarity along with Sawaki (2001), Choi et al (2003) and more recently Horkay et al. (2006) for writing. Russell (1999) mentioned keyboarding skills as a possible variable and a number of other studies mention test taker characteristics as possible factors that could have influenced the outcomes of test scores (e.g. Clariana & Wallace, 2002; McDonald, 2002). These and other studies addressing these possible variables will be discussed in the following section

Variables

Quite a number of studies have been conducted that focused on possible factors related to test takers, presentation mode, and/or environmental factors that could have affected score outcomes positively or negatively on paper-based and computer-based tests.

One of the most detailed and fairly recently conducted researches that addresses a selection of test taker characteristics is the study of McDonald (2002). He divided the aforementioned in three main areas, which are mentioned below:
- Computer experience/ familiarity

- Computer anxiety

- Computer attitudes
Due to their significance to this particular study, the first two of the abovementioned areas will be discussed below, supplemented with additional information from research in the field when found applicable.

Computer Experience and Familiarity

As for the earlier reviewed studies, De Beer & Visser (1998) indicated that computer familiarity could have influenced the scores on the computer-based test negatively or positively. The studies of Choi & Tinkler (2002) and Choi et al. (2003) corroborate this statement as they found computer familiarity (among mode order) to be a possible underlying cause for the differences in their score outcomes as well.

However, studies by Clariana & Wallace (2002) found no effect whatsoever of computer familiarity on the score outcomes generated in their research. This has been confirmed by a number of studies even in earlier times of, for example, Taylor et al. (1998) who compared their students particularly on computer familiarity related to the computer-based test outcomes instead of comparing score means across modes. They did not find any significant differences in this regard while they sampled a relatively large group of students (n= 1000+).

More recent research conducted in the USA by Higgins et al. (2005) did not provide any evidence of computer influence on familiarity issues related to the test outcomes. They argued however, that this could be because the sample they had drawn consisted mostly of students that had unusually high access to computers and were of a higher socio-economic status. It is unlikely that the higher socio-economic status has had much to do with the outcomes of the researches conducted within the UK, as the earlier mentioned report by BESA (2007) provides evidence for a significant growth in computer use and availability in the State Schools in the UK alone which provides accessibility for students of Middle, or even Lower socio- economic status as well.

The study of Pommerich (2004) mentions, besides the fact that there were no significant differences related to familiarity, that the computer based version had actually helped her 'slower' students (on computer) as they managed to surf through the computer-based test more quickly and therefore giving them relatively more time to complete the actual tests.

As the previous mentioned research suggests, in addition to other fairly recent research in the field, computer familiarity is possibly less of an issue today compared to the early 90's.

Anxiety

Shermis & Lombard (1998) mention in their study that anxiety could be a possible cause for differences in score outcomes between computer-based and paper-based tests. More recent studies however gradually tend to rule out computer anxiety per se. For example, a study by Smith (2003) which focused on levels of anxiety between (which he referred to as)lightcomputer users vs.heavycomputer users did not find any significant differences between the two.

Cassady & Gridley (2005) who came up with similar findings in their study confirmed this. They examined a group of undergraduate students for their research (n= 80/100) and did not find any evidence for computer anxiety among the students towards taking the computer-based test in the self-report they had given out to them. The students even found the computer-based test to be less of a threat than the paper-based version.

However, one of the limitations of their study regarding this variable is the fact that most of the participants were already following online modules as part of their curriculum, which could explain the preference for the computer-based test.

Higgins et al. (2005) also provided results that tend to rule out computer anxiety per se. In their study they mention that:
…the survey responses, completion rates, and student observations provide evidence that

computer anxiety generally did not interfere with students' ability to take the

assessment (p.3).

...bearing in mind the limitations as discussed previously on the high accessibility to computers of this particular group of students.

However, a report by the US. Department of Commerce (2002) points out that in 2001 already 143 million Americans (which is 54% of the population) were 'online' (p.7).

They added that:

The rate of growth of Internet use in the United States is currently two million new Internet

users per month (p.7).

Future predictions based on this data indicate that it would be more than likely that today, approximately 7 years later, the vast majority of the American population have a computer or at least access to a computer. This would not be limited anymore to the 'higher- economic status' population only.

According to the Department of Commerce (2002) within a period of three years (from 1998 to 2001) the internet use of individuals in the lowest pay scale category (less than $15,000 a year) had risen at an annual growth rate of 25% per year against an annual growth rate of only 11% per year for the highest income households (up to $75,000).

This information suggests that the difference in computer accessibility between the two groups today (7 years later) probably will have decreased significantly. Therefore, the matter of socio-economic status would have become of less significant importance not only in the UK, but possibly also in the United States according to these data.

A number of other studies argue that it is not necessarily computer anxiety that affects the score outcomes on computer-based tests but rather test anxiety itself seems to be more of a concern in today's research (e.g. McDonald, 2002; Cassady & Gridley, 2005; Pommerich, 2007). This seems to be the more favourable opinion in this matter as computer availability/access, and therefore familiarity in general appears to be not as much of an issue anymore today as it had been for example in the early 90's as indicated earlier.

Presentation

As we have seen from the previous discussion, thetest taker carries a number of characteristics with him that could possibly have an impact on test achievement scores. Undeniably, thecomputer itself has been an important point of discussion in the literature as well. The three main computer elements that are directly related to and could affect the test taker and therefore the score outcomes can be summed up as follows:
- Computer Screen
-Mouse
-Keyboard
The possible influence of the keyboard has been made insignificant in this particular study due to the test consisting mostly of Multiple-Choice items and with the remaining part having only one-word gap-fill questions where the possible answers were already presented in the test( in random order so that the student had to pick the contextual appropriate word to fill the gap). Therefore, only the remaining two issues (computer screen and mouse) that could affect the results in this particular study are discussed in the following section.

Computer Screen

Since the 80's, several studies have looked at the possible effect that computer screens could have on the score outcomes of computer-based tests. Overall they seem to present a rather mixed view on the influence of computer screens on the test takers and therefore on the score outcomes.

For example, Gould & Grischowsky (1984) did not find any negative effect on the score outcomes in their study, whether their subjects read from a test presented on a computer screen or on a piece of paper. The study of Creed et al. (1987) confirmed this by mentioning that in their study, there was no significant difference noticeable between the two modes of presentation and therefore concluded that the presentation on a computer screen did not affect the score outcomes in any way. In addition, more recent studies that addressed this variable came with similar results, which strengthens the notion that reading from a computer screen has no significant effect on achievement scores in general ( Pommerich, 2004). Hetter et al. (1997) added to this that differences in administration mode effects are less likely to occur when the computer-based mode is the same in presentation and content as its paper-based counterpart as exemplified in their research. Pommerich (2004) adds to this that the more complicated it is to computerise a paper-based test, the greater the chance will be that significant differences are to be found in the score outcomes.

However, other fairly recent studies suggest that reading longer passages from a computer screen might affect the scores in a negative way with eye-fatigue as a possible significant factor (Choi et al., 2003). Whether this answers the question of eye fatigue being directly related to test outcomes is another issue as the research of Taylor et al., (1998) also reported eye fatigue among their subjects but found no directly related effect whatsoever on their score outcomes.

Scrolling vs. Page Turning

Interaction between the mouse and the computer screen would seem to be an automatism to most and therefore unlikely to form an issue of concern as far as comparability studies are concerned.

However, when investigating this issue in more depth in relation to affect on score outcomes on a computer-based test vs. a paper based test, it does not seem to be as obvious as might have been anticipated initially.

For example, in Choi et al.'s (2003) study, scrolling through a reading passage could even have a negative effect on score outcomes and therefore be a reason for further investigation. However, they were reasonably confident that this would be solved in time due to advancement in technology:

With computer and internet technology growing at an exponential rate, however, these problems may be solved easily (p.300).

Two years later, this appeared to be still an issue as became evident in the research conducted by Higgins et al. (2005). They compared the differences in score outcomes betweenscrolling andpage-turning of a computer-based test, meaning the difference between having the whole reading passage on one screen and scrolling up and down and having the reading passage divided and instead of scrolling down, clicking on the mouse button to go from one page to the next. It turned out that those students that had to scroll through the page scored significantly lower than the students that took the page-turn version. However, more recent research conducted by Pommerich (2007) did not find any significant differences between scrolling and page turning and may indicate that Choi et al.'s (2003) prognoses have been confirmed approximately four years later. Nevertheless, further research is needed to address this variable more elaborately before drawing any definite conclusions.

Conclusions

Although the data present a rather mixed view of the equivalence of computer-based and paper-based tests, in general the majority of the reviewed studies that were using either a within-subject design or a between-subject design leaned more towards comparability than discrepancy.

What became apparent in reviewing the data were the indication of significant variables of test taker characteristics that were advised to be taken into account in many of the research reports.

For example, de Beer & Visser, (1998) and Choi et al. (2003) who explained computer familiarity as possible explanation of their lower computer-based test scores opposed to their paper-based counter parts in their reviews.

On the contrary, Taylor et al. (1998) had actually carried out a study that addressed this particular variable (computer familiarity) and they found no significant differences after having tested over one thousand subjects in their TOEFL exam. However, due to the fact that Choi et al.'s (2003) research had been conducted at a significant later stage( 5 years) than Taylor et al.'s(1998), it might still be worthwhile to incorporate this variable in future research, if only it were to make sure that this variable is not significant anymore at current date.

Russell's (1999) research, which made use of a between-subjects analysis, pointed out that the keyboarding skills of his subjects could have influenced the test scores positively or negatively.

As mentioned separately in many previous studies ( de Beer & Visser, 1998; Neuman & Baydoun, 1998; Russell & Haney, 1997; Russell, 1999; Sawaki, 2001; Choi et al., 2003; Higgins et al., 2005; Horkay et al., 2006), McDonald (2002) mentions computer anxiety, computer familiarity and also computer attitudes in his review as important variables. Based on the previous discussion of these data, and having looked at supplementary research in the field that confirms McDonald's (2002) viewpoint, an implementation of these variables is to be found further in this research in the form of atesttaker characteristics questionnaire review, which addresses the computer familiarity variable along with the anxiety, and the computer attitudes variables. A more in depth discussion thereof is provided in the following chapter which discusses the Method used for this research.

CHAPTER III

METHODOLOGY

Research Questions

The differences in score outcomes depending on mode of presentation are not to be referred to as a problem of the past but remains to be an important issue today. The fact that this has been pointed out not only in earlier research but still remains to be present in recent studies is a clear confirmation of this (e.g. Mead & Drasgow, 1993; McDonald, 2002; Pommerich, 2004; 2007; Higgins et. Al., 2005). As pointed out by Sawaki, (2001) and Choi et al., (2003), comparability studies in the field of reading are limited, especially research that focuses on L2 subjects in this field is scarce and therefore more data is urgently needed from this particular group before arriving at any definite conclusions in this matter.

Furthermore, independent variables such as computer familiarity, anxiety and attitudes towards computers (although of less significance than in, for example, the 90's) are still incorporated in today's research. As the available data on these variables is limited, especially on L2 subjects, more research is needed (McDonald, 2002). The research questions for this research can be formulated as follows:
· Are there any significant differences in achievement scores whether tested in the computer-based mode or in the paper-based mode?

· Are any of the aforementioned independent variables in any way linked to the scores obtained from these tests (is there a connection between any of these variables and the test results of the two modes)?
Research Design

In order for the investigation of the two research questions to reach its full potential, this study made use of two research approaches; a quantitative approach and a qualitative approach.

The quantitative part consists of the score outcomes obtained from the tests and the measurement of students' familiarity with computers, computer anxiety, and their attitudes towards computers, is subjected to quantitative as well as qualitative analyses.

The sample taken of the research population consisted of 92 Caucasian VMBO Secondary School students aged between 12 and 16 from the Netherlands who completed two similar L2 reading tests. The acronym VMBO stands for Voorbereidend Middelbaar Beroeps Onderwijs which indicates the level of education and is comparable to Grammar School here in the UK.

Test development

The tests administered were developed by CRELLA, the research institute of the University of Bedfordshire, Luton, UK. Data is present at CRELLA

which confirms that the tests are equivalent in terms of difficulty and constructs measured and therefore suitable for this research. Before taking the tests, students were subjected to a pre-test questionnaire in which computer familiarity, anxiety, and attitudes towards computers were measured. How the development of computer familiarity questionnaire came about is outlined in the following section.

Computer Familiarity Questionnaire (CFQ)

For this study, a previously administered computer familiarity questionnaire was used, which had been developed by Weir et al. (2007), who in turn formed the CFQ from two previously validated instruments that are to be found in the available literature. The first instrument was originally developed for the PISA (Program for International Student Assessment) who observed 15-year-olds from the principle industrialized countries for three consecutive years. They administered 265,000 students from 32 different countries on a paper and pencil tests and had them fill out specifically designed questionnaires which measured a number of issues related to computer familiarity such as; Perceived Ability & Comfort , Interest in Computers, Affect and Computer usage (Weir et al., 2007, p.9).

The following questions were used to elicit the data related to the previous mentioned points and are outlined on the following page. For measuring perceived ability & comfort, these questions were used to obtain the appropriate data (p.39):
	Q2: How comfortable are you with using a computer; using a computer to write a paper; taking a test on a computer?

Q3: If you compare yourself with other students, how would you rate your ability to use a computer?


For measuring the level of Interest in Computers, these questions were used:
	Q8: How do you feel about using the keyboard (typing)?

Q9: It is very important to me to work with a computer.

Q10:To play or work with a computer is really fun.

Q11: I use a computer because I am very interested in this.

Q12: I forget the time, when I am working with the computer.


As for affect, the question mentioned below was found to be most suitable:
	Q5 : How do you feel working with a computer?

	Q1
	How often is there a computer available to you to use at home; university/college; library/libraries that you use; another place?

	Q4
	How often do you use a computer at the above places?

	Q6
	How often do you use the computer for the Internet; electronic communication; helping you study course material; programming?

	Q7
	How often do you use the computer software for games; word processing; spreadsheets; drawing, painting or graphics; data or text analysis?


Lastly, the level of familiarity with computer usage was determined by using

These questions:

(Weir et al., 2007)

As mentioned previously, the original version of the questionnaire was tailored for 15 year-olds and due to fact that the sample population in Weir et al.'s (2007) study consisted of undergraduates ranging from 18-22 in age, they had made several minor adjustments to reach its full potential with their particular group of students. For example, when referring to places of study, the wordschoolwas replaced byUniversity/College,since their sample consisted solely of undergraduates. The phraseeducational software was replaced byDataorText analysis assuming that the undergraduate group would be familiar with specific Data or Text analysis programs ( e.g. SPPS ® ) at this stage( Weir et al., 2007). As for this study, the sample population consisted of a group of 12-16 year-olds and it is therefore assumable that they are more familiar with the phrases used in the initial administered version since the vast majority of the students were not older than 15 and were still in Secondary Education. Therefore, it was found to be more appropriate to count them among the 15 year-olds category and the questions for this particular research were used in their original form instead of leaving them in the adjusted form.

The second instrument mentioned by Weir et al. (2007) is the computer attitude questionnaire developed by Knezek & Christensen (1995, 1997) which focused on young learners. The complete instrument consisted of eight different categories. The Anxiety category was modified and added to the final instrument as question number five on page 39.

To ensure that the changes made did not affect the information sought, Weir et al. (2007) trialled and revised the questionnaire before using it for their research to ensure the appropriateness of the amendments that had been made.

Collection of the Data

In this study, a computer-based version of an L2 reading test and a paper-based counterpart were administered to all students. The group consisted of 92 Secondary School students from the Netherlands, all between 12-16 years of age. The total number of students was divided over four groups of approximately 20-25 students. The tests were provided by CRELLA (Centre for Research in English Language Learning and Assessment), the research centre of the University of Bedfordshire, Luton, UK. Both tests are of similar level i.e. they are equal in terms of difficulty and the confirming data are available at CRELLA as mentioned earlier. In order for the research to be successful, two versions of each test had been made available which will be referred to as test A and test B from now on. Test A had both a paper-based version and a computer-based version and test B also had a paper-based version and a computer-based version, which resulted in having four different tests to administer. In addition, all the students had to fill out the Computer Familiarity Questionnaire (CFQ) before commencement. The whole is summarized in Figure 1-1 on the page that follows.

The outset was to assess exactly 100 students, but differences in class-sizes due to students that were absent that day in addition to tight schedules, made it necessary for changes to be made in order to compensate for this unexpected setback. This was resolved through minor amendments that were made straightaway and therefore did not affect the research in any way. The students were divided into two groups; one group of 42 test takers who took test A in its computer-based version and test B in the paper-based version, and the remaining 50 took test A in the paper-based version and test B in the computer-based version. One of the reasons for this particular set up is to rule out the possibility of order effect as indicated in earlier studies (e.g. de Beer & Visser, 1998).

CHAPTER IV

ANALYSIS OF THE FINDINGS

Introduction

The purpose of this study was to compare an L2 reading test in its computer-based mode with its paper-based mode and to look at the possible influence of factors such as; computer familiarity, anxiety and attitudes towards using computers which were measured by using a CFQ (computer familiarity questionnaire). The research population consisted of 92 students who were all between 12-16 years old from a (by Dutch standards) medium size Secondary School of approximately 650 students in the Netherlands.

The total time given for completing the tests was 25 minutes and before commencement of the actual test, a computer familiarity questionnaire was distributed to the students for which they had 10 minutes to complete.

The assessment of all subjects took place in the same classroom to avoid any possible environmental influences. The tests consisted of three parts with each part having its own level of difficulty. Part one was at A1-level, part two was at A2- level and part three was at B1-Level. This shows that the tests gradually became more difficult. Part one consisted of five Multiple-Choice items, whereas part two consisted of six Multiple-Choice items, which was a sentence reorder exercise in actuality. Part three was a gap-fill exercise in which the subjects had to choose the right word to fill the gap in the sentence from a given list of words. A total of eighteen questions had to be completed by the students for the paper-based version and for the computer-based version of test A as well as test B. Possible influences of elements such as typing ability were precluded by using Multiple-Choice questions and a one-word gap-fill exercise, which is exercise three in test version A as well as in test version B. The other advantage of the Multiple-Choice items used in this study is that the possible element of typing speed is ruled out as well which otherwise could have given the faster typists an advantage over the slower typists, or even (relatively) the slower typists over the faster typists as pointed out by Pommerich (2004). The Computers were all the same and comprised of the following items; a 17-inch Color TFT-screen, a keyboard and a mouse. The computer program installed on the computers was XP-professional. Computer familiarity was measured by the CFQ questionnaire along with other possible factors, such as anxiety, and attitudes towards computers. In the following section the test results are presented of test A and test B, test A computer-based, then test A paper-based after that, test B computer-based is presented, followed by test B paper-based. The results of the computer familiarity questionnaire are divided by category measured, firstly perceived ability & comfort is presented followed by the level of interest in computers, affect and lastly the level of computer usage is laid out to conclude the whole. In addition particulars such as test scores and comparisons of score means are included in the presentations in separate tables.

Results

The aim of this study was to determine whether there were significant differences detectable when comparing a computer-based test with its paper-based counterpart. Tables 1-1 to 1-7 set out the descriptive data of the computer-based version and the paper-based version of test A, which have been completed by a total of 92 subjects. The data is calculated and grouped by exercise since the test consisted of three tasks, namely A1, A2 and B1 (which are referred to as group 1, 2 and 3 ( group 1 being A1, group 2 being A2, and group 3 being B1). Every task has been calculated separately and will be compared on its own. The reason for this is that the three different tasks represent three different levels of difficulty according to Common European Framework standards. Level A1 is calledBreakthrough level in the categoryBasic User (A-category). Level A2 is slightly higher than A1 in this category and is referred to asWaystage, which is equal to KET as we know it in Britain. As for level B1, this is the most difficult part of the test and is calledThreshold in the categoryIndependent User(B), which is comparable to PET in the UK.

The software that was used to calculate the data is called Classical Item Analysis version 0.1 Copyright (1998), developed by Constructs Learning and Assessment Ltd.

Each group has a different level of difficulty and therefore the score mean differences between groups can be quite high and in some cases significant. For example, the mean for group 1 in computer-based test A is 3.357 whereas the mean for group 3 of the same test is 2.357 which in this case is a difference of exactly 1.0. This difference is attributable to the difficulty-level of the group 3 test which is B1 on the European framework scale and therefore more difficult than the A1 scaled group 1 test which resulted in a lower achievement score of group 3 compared to group one and two.

However, for this research the comparisonbetween groups instead ofwithin group of the different versions is applicable meaning that group one of the computer-based version will be compared to group one of the paper-based version and subsequently this goes for group two and group three also. Accordingly, inferences are made related to comparability issues on these two modes of presentation per group.

As for the mean comparison between the computer-based and the paper-based version of the groups, a t-test was used in order to establish to what degree the two modes were comparable. As for group one, the descriptive data portrayed in table 1-1 and table 1-2 show that the mean difference between the two modes is 0.363 in favor of the paper-based version, meaning that the group 1 students scored higher on the paper-based version of test A .

Table 1-1 Descriptive Statistics Test A Group 1(CB vs. PB)
	GroupT
	Task A1

CB-version
	Task A1

PB-version

	Identifier

Name

Type

ITEMS

N Items

N included items

Unweighted total score

Weighted total score

% Attempted

PERSONS

N Persons

Mean

Median

Mode

Variance

Std. Dev.

Skew

Kurtosis

TEST QUALITY

Alpha

SEM

Mean P

Mean Item-total

Mean Biserial
	1

Group 1

Dichot.

5

5

5.000

5.000

45.652

42

3.357

4.000

4.000

1.515

1.231

-0.877

0.266

0.491

0.878

0.671

0.590

0.829
	1

Group 1

Dichot.

5

5

5.000

5.000

54.348

50

3.720

4.000

4.000

0.682

0.826

-0.518

-0.115

-0.239

0.919

0.744

0.423


0.636


The median and the mode of both test versions are equal which indicates that there is a similar pattern in distributing the scores detectable in both modes. The standard deviations differ somewhat which points out that with regards to the spread of the scores there is a difference between the two modes. The two tailed p-value mentioned in Table 1-2 shows that the difference is not quite statistically significant by conventional criteria as p>0.05.

Table 1-2 Independent Samples t-Test scores for Group 1 Computer vs. Paper
	Meant statistics df p-value difference

95 %

Two-sided Confidence Interval

Lower Upper

	

	Equal Variances Assumed
	1.68307
	90
	0.0958273
	0.363
	-0.065478
	0.791478


The descriptive statistics in Table 1-3 (p.49) show the results of the computer-based and the paper-based version of test A performed by group 2.

As for the analysis of group 2, the mean difference turned out to be 0.201 in favor of the computer-based version, meaning that the score mean was higher for the group that took the computer-based version of the test.

Furthermore, the difference between the standard deviations is much smaller compared to group one. The difference of only 0.039 indicates that the spread of the scores in both modes can be considered to be similar.

Table 1-3 Descriptive Statistics Test A group 2 (CB vs. PB)
	Group

Paper- based test
	A2

CB-version
	A2

PB-version

	Identifier

Name

Type

ITEMS

N Items

N included items

Unweighted total score

Weighted total score

% Attempted

PERSONS

N Persons

Mean

Median

Mode

Variance

Std. Dev.

Skew

Kurtosis

TEST QUALITY

Alpha

SEM

Mean P

Mean Item-total

Mean Biserial
	2

Group 2

Dichot.

6

6

6.000

6.000

45.652

42

4.881

6.000

6.000

3.629

1.905

-1.477

0.847

0.906

0.584

0.813

0.826

1.219
	2

Group 2

Dichot.

6

6

6.000

6.000

54.348

50

4.680

6.000

6.000

3.778

1.944

-1.054

-0.374

0.881

0.671

0.780

0.789


1.116


The p-value mentioned in the t-test in Table 1-4 is greater than 0.05 which indicates that by conventional criteria the difference between the two modes is considered to be not statistically significant.

Table 1-4 Independent Samples t-Test scores for Group 2 Computer vs. Paper
	Meant statistics df p-value difference

95 %

Two-sided Confidence Interval

Lower Upper

	

	Equal Variances Assumed
	0.498518
	90
	0.619335
	0.201
	-0.600013
	1.00201


The descriptive statistics in Table 1-5 show a mean difference of only 0.157 in favor of the computer based version, meaning that the students of group 3 scored higher on the computer-based version of test A. While the mode is 0.000 for both versions, the median depicts a difference of 1.000 which might indicate that there are differences in the pattern of score distribution in the two modes.

Table 1-5 Descriptive Statistics Test A Group 3 (CB vs. PB)
	Group
	B1

CB-version
	B1

PB-version

	Identifier

Name

Type

ITEMS

N Items

N included items

Unweighted total score

Weighted total score

% Attempted

PERSONS

N Persons

Mean

Median

Mode

Variance

Std. Dev.

Skew

Kurtosis

TEST QUALITY

Alpha

SEM

Mean P

Mean Item-total

Mean Biseria
	3

Group 3

Dichot.

7

7

7.000

7.000

45.652

42

2.357

2.000

0.000

3.896

1.974

0.380

-1.104

0.770

0.947

0.337

0.632
0.866
	3

Group 3

Dichot.

7

7

7.000

7.000

54.348

50

2.200

1.000

0.000

5.760

2.400

0.698

-1.148

0.881

0.829

0.314

0.731


0.957


However, the p-value mentioned in the Independent Samples t-Test in Table 1-6 shows that although minor differences are present, they are not statistically significant ( p>0.05). This was also the case for group 1 and 2 in test version A.

Table 1-6 Independent Samples t-Test scores for Group 3 Computer vs. Paper
	Meant statistics df p-value difference

95 %

Two-sided Confidence Interval

Lower Upper

	

	Equal Variances Assumed
	0.338473
	90
	0.735795
	0.157
	-0.764511
	1.07851


Although there are differences in the totals with regards to the score means, statistically they turned out to be not significant. The mean difference portrayed in group 1 was the closest to a significant difference with a 0.095 at p-level and is therefore referred to as not quite statistically significant by conventional criteria. The median difference in group 3 although 1.000 did not lead to any significant results at statistical level either and therefore the two versions of test A can be considered comparable.

Table 1-7 Summary Descriptive statistics Test-version A
	Group No.
	Mean Mode Stat. Diff. p- value Favor Sig?

	1

2

3
	0.3630.0958273 PB No

0.2010.619335 CB No

0.1570.735795 CB No


As for the mean comparison between the computer-based and the paper-based version of group 1 for test B, the descriptive data portrayed in table 1-8 show that the mean difference between the two modes is 0.293 in favor of the paper-based version as was also the case with group 1 for test A.
	Group
	A1

CB-version
	A1

PB-version

	Identifier

Name

Type

ITEMS

N Items

N included items

Unweighted total score

Weighted total score

% Attempted

PERSONS

N Persons

Mean

Median

Mode

Variance

Std. Dev.

Skew

Kurtosis

TEST QUALITY

Alpha

SEM

Mean P

Mean Item-total

Mean Biserial
	1

Group 1

Dichot.

5

5

5.000

5.000

54.348

50

3.540

4.000

4.000

1.328

1.153

-0.220

-1.102

0.343

0.935

0.708

0.525

0.717
	1

Group 1

Dichot.

5

5

5.000

5.000

45.652

42

3.833

4.000

5.000

1.472

1.213

-0.408

-1.416

0.569

0.797

0.767

0.535


0.713


Table 1-8 Descriptive Statistics Test B Group 1 (CB vs. PB)

The medians and the modes for both test versions are equal which indicates that the score distributing pattern is similar between the two modes of presentation. The standard deviations differ somewhat (0.06) which points out that with regards to the spread of the scores they slightly differ. The two tailed p-value of 0.2389 mentioned in Table 1-9 shows that the difference is not statistically significant by conventional criteria (p>0.05).

Table 1-9 Independent Samples t-Test scores for Group 1 Computer vs. Paper
	Meant statistics df p-value difference
95 %

Two- sided Confidence

Interval

Lower Upper

	

	Equal Variances Assumed
	1.1856
	90
	0.2389
	0.293
	-0.197967
	0.783967


The descriptive statistics in Table 1-10 on page 53 show the figures of the computer-based and the paper-based versions of test B performed by group 2.

As for the analysis of group 2, the mean difference turned out to 0.302 in favor of the computer-based version. This was also the case for the group 2 scores on test A, although the difference in this case is greater than for group 2 in test A. The difference between the standard deviations is 0.185 and indicates that the spread of the scores in both modes can be considered similar.

Table 1-10 Descriptive Statistics Group 2 Test B (CB vs. PB)
	Group

A2

A2

CB-version

PB-version

	

	Identifier

Name

Type

ITEMS

N Items

N included items

Unweighted total score

Weighted total score

% Attempted

PERSONS

N Persons

Mean

Median

Mode

Variance

Std. Dev.

Skew

Kurtosis

TEST QUALITY

Alpha

SEM

Mean P

Mean Item-total

Mean Biserial
	2

Group 2

Dichot.

6

6

6.000

6.000

54.348

50

3.040

3.000

4.000

2.438

1.562

0.125

-0.539

0.586

1.005

0.507

0.572

0.765
	2

Group 2

Dichot.

6

6

6.000

6.000

45.652

42

2.738

2.000

4.000

3.050

1.747

0.139

-0.825

0.710

0.940

0.456

0.632


0.835


The p-value mentioned in the t-test in Table 1-11 is greater than 0.05 (0.383868) which indicates that by conventional criteria the difference between the two modes is considered to be not statistically significant (p>0.05).

Table 1-11 Independent Samples t-Test scores for Group 2 Computer vs. Paper
	Meant statistics df p-value difference
95 %

Two- sided Confidence

Interval

Lower Upper

	

	Equal Variances Assumed
	0.875065
	90
	0.383868
	0.302
	-0.383632
	0.987632


The descriptive statistics in Table 1-12 show a mean difference of only 0.455 in favor of the paper-based version, meaning that the students of group 3 scored higher on the paper-based version of test B. The mode and the median are equal between the two modes which indicates that the pattern of score distribution between the two modes can be considered similar.

Table 1-12 Descriptive Statistics Group 3 Test B (CB vs. PB)
	Group

Paper- based test
	B1

CB-version
	B1

PB-version

	Identifier

Name

Type

ITEMS

N Items

N included items

Unweighted total score

Weighted total score

% Attempted

PERSONS

N Persons

Mean

Median

Mode

Variance

Std. Dev.

Skew

Kurtosis

TEST QUALITY

Alpha

SEM

Mean P

Mean Item-total

Mean Biseria
	3

Group 3

Dichot.

7

7

7.000

7.000

54.348

50

1.640

1.000

0.000

2.470

1.572

0.745

-0.441

0.631

0.955

0.234

0.529
0.746
	3

Group 3

Dichot.

7

7

7.000

7.000

45.652

42

2.095

1.000

0.000

5.658

2.379

0.667

-1.033

0.885

0.808

0.299

0.757


1.024


The two-tailed p-value in the Independent Samples t-Test in Table 1-13 shows that although minor differences are present between the two modes , they are not statistically significant by conventional criteria ( p>0.05). This was also the case for group 1 and 2 in test version B.

Table 1-13 Independent Samples t-Test scores for Group 3 Computer vs. Paper
	Meant statistics df p-value difference
95 %

Two- sided Confidence

Interval

Lower Upper

	

	Equal Variances Assumed
	1.09744
	90
	0.275379
	0.455
	-0.368677
	1.27868


Although there are differences in the totals with regards to the score means, statistically they turned out to be not significant. The differences portrayed in group 1 were the closest to being of statistically significant value showing a 0.2389 at p-level which is not statistically significant by conventional criteria. The median difference in group 2 although 1.000 did not lead to any significant results at statistical level either and therefore the two versions of test B for group 1,2 and 3 can be considered comparable.

Table 1-14 Summary Descriptive Statistics Test version B
	Group No.
	Mean Mode Stat. Diff. p- value Favor Sig?

	1

2

3
	0.293 0.2389 PB No

0.302 0.383868 CB No

0.157 0.275379 CB No


Computer Familiarity Questionnaire

The computer familiarity questionnaire developed by Weir et al. (2007) was designed to measure different points related to computer usage and perceptions about computers which can be summed up as follows;

Firstly, information about the degree of subjects' familiarity with computers was retrieved by using question number 1, 4, 6, and 7.

Secondly, the degree of comfort with which the students use a computer for different purposes was established by using question number 2.

Thirdly, for how the subjects thought about their own ability to use a computer question number 3 was found applicable. Question number 5 was used to measure the anxiety that students might feel when using a computer. Question 8 looked at the perceived ability to use a keyboard and the remaining questions 9, 10, 11, and 12 extracted information about the subjects' interest in using a computer.

The descriptive results of the computer familiarity questionnaire are presented below divided by subject as mentioned in the foregoing paragraph.

CFQ Results

Question 1, 4, 6, and 7 were used to address the computer familiarity issue. The answers to question number 1 revealed that all of the subjects had frequently access to a computer at home, whereas 62 of the total of 91 students said that they had frequent access to a computer at school. Only 12 students mentioned that they had frequent access to a computer in a library and 23 said that they had frequent access to a computer in other places (e.g. internet cafes).That the frequency of access to computers at these places lead to frequent use of them is confirmed by question number 4, which showed that all of the students use the computer frequently at home, which, in turn, is in tune with the responses to question number 1. Furthermore, 60 of the subjects said that they use the computer frequently at school as well, which is approximately the same amount who had frequent access to a computer at school as mentioned in question 1. None of the students made use of a computer in the library even though some of them said that they did have access to a computer there.

Table 1-15 Familiarity
	Computer Familiarity

No.

	Q1
	Frequent access to a computer : At Home 91

School 62

Other 23

	Q4
	Frequency of usage : At Home 91

School 60

Other 22

	Q6
	Purpose of use : Internet 91

MSN/Chat 82

Study 50

Programming 33

	Q7
	Use of Word processing Frequently 51


Question number 2 dealt with the degree of comfort when using a computer to which 82 subjects replied that they were comfortable with using a computer. Only 1 out of the 92 students said to be uncomfortable with using a computer.

Table 1-16 Comfort in Using a Computer
	Comfort

No.

	Q2
	I feel comfortable using a computer in general 82

I feel comfortable writing a letter on a computer 81

I feel comfortable doing a test on a computer 91


The confidence level of the students in using a computer is high, none of the students had no confidence at all in using a computer and 41 feel that they are very good at working with a computer.

Table 1-17 Confidence Level
	Perceived Ability

No.

	Q3
	I am very good at working with a computer 41

I am good at working with a computer 51

No confidence 0


The level of anxiety when using a computer is measured by question number 5 of the computer familiarity questionnaire. The results clearly show that the students are very comfortable with using a computer and are not scared to use them either (Table 1-18, p. 58). All the students ticked the box that said they were comfortable with using computers. Only one student said to get a sinking feeling when even thinking of trying to use a computer.

Table 1-18 Computer Anxiety
	Anxiety

	Q5
	I feel comfortable with using a computer 92

I am not scared of working with a computer 91

I do not think that computers are difficult to use 89

I do not try to avoid computers 91

Using a computer is frustrating 2

I get a sinking feeling when thinking of using a computer 1

Do as little as possible on a computer 1

Work would take long to finish when using a computer 0

I feel nervous when using a computer 3


As the table clearly shows, anxiety is (almost) not present among the students, only three students feel nervous and only two say that using a computer is frustrating. How this relates to the score outcomes will be discussed later. As for the perceived typing ability, not one student mentioned that they would anticipate difficulties in using a keyboard (Table1-19).

Table 1-19 Perceived Typing Ability
	Ability

No.

	Q8
	Typing is not a problem for me 74

I do not find it difficult to use a keyboard 84

I can type with the same speed as I normally write 39


Table 1-20 Computer Interest
	Interest

Yes/No

	Q9
	Working with a computer is very important to me 81/ 11

	Q10
	I find working with a computer fun 91/ 1

	Q11
	I use a computer due to my interest in it 51/ 41

	Q12
	I forget the time when working on a computer 61/ 31


As for interest in computers, the vast majority of the students consider the computer to be of significant importance and almost all subjects find it fun to work on a computer. However, only approximately half of the subjects mention that they use the computer due to their interest in it.

How the outcomes of the computer familiarity questionnaire relate to the score outcomes and to what extent this agrees with previous research in the field will be discussed in the following section which discusses the results presented.

CHAPTER V

DISCUSSION OF THE RESULTS

Introduction

The aim of this study was to compare a computer-based version of an L2 reading test to an identical paper-based counterpart and to see whether one of the two versions had an effect on student achievement scores. In addition, this study attempted to find out whether students' familiarity with computers affected the score outcomes in any way.

The aforementioned is outlined in the following discussion and consists of different chapters, which will be determined by group comparison in the same way the data has been presented. For example, the comparative results for group 1 Test-A will be discussed first, after that group 2, and group 3 subsequently. The same goes for Test-B which will be outlined similarly to Test-A. The results of the computer familiarity questionnaire are integrated accordingly.

Discussion

Although the results of the analysis for group 1 (Test-A) do not show statistically significant differences, the score mean for the paper-based version is slightly higher than for the computer-based version (0.363) indicating that the computer-based version of Test-A was slightly more difficult to group one than the paper-based version. This conclusion agrees with several other studies that have been conducted earlier. For example, the study of Higgins et al. (2005) reported that, although there were no statistically significant differences in the reading part of their test across modes, the students scored higher on the paper-based version of the test. The paper-based group scored 58.1% of the items correctly, which was the highest score of the three, whereas the computer-based version (page turning) with 56.9 % of the items correctly came in second. The scrolling version of the computer-based test came in third with 52.2% of the items answered correctly. The data of Pommerich's (2004) study show similar results. She reported that although not statistically significant, the subjects performed better on the paper-based versions of both tests (Comparability test 1 and Comparability test 2). Russel's (1999) follow up on his previous study with Haney (Russell & Haney, 1997) reported similar results as, although not statistically significant, the scores on the paper-based versions of the two Language Arts tests were slightly higher than the scores on their computer-based counterparts. The notion that the scores are lower on the computer-based version due to (un) familiarity issues ( e.g. de Beer & Visser, 1998; Choi et al., 2003) or that the score differences are not significant due to the socio-economic status of the sample ( Higgins et al., 2005) is refuted by the fact that the same group of students scored higher on item 2 and 3 of the computer based version of the same test and make it therefore seem to lean more towards computer-based than paper-based overall. Mode order could have been a possible reason for this difference when there had been a plausible reason to assume that this could have been the case.

However, the largest part of the test consisted solely of Multiple-Choice items, which minimises or even excludes affect of computer proficiency/ familiarity completely. This has already been reported in several studies that have been carried out in as early as the 90's (Russell & Haney, 1997; Taylor, et al., 1998; Bridgeman, et al., 1999), which possibly indicates that the order of testing will be even less relevant today than it was back then keeping in mind the reports on computer access/usage of BETA, (2007) for the UK, and the Department of Commerce (2002) for the USA.

In addition, the self-report of the students on computer familiarity corroborates this assumption as all of the subjects feel comfortable with using a computer and 91 out of the 92 students confirm that they feel comfortable in doing a test on a computer with not one student not having confidence in using a computer at all.

The fact that the students were able to scroll through the test and return to previous answered questions at any time and that the item in its entirety could be displayed on the screen strengthened minimisation of possible mode effects and may also have contributed to the difference being statistically insignificant for Group 1 (Bridgeman et al., 2001).

The possibility that the lower score outcomes for the computer-based version were due to 'eye fatigue' as mentioned in the study of Taylor et al. (1998) ,and more recently Choi et al. (2003) is also highly unlikely. The reason for this is that both studies mentioned that this eye fatigue applied particularly to longer reading passages. This is not the case in this particular study as the item concerned consists of only five sentences, which is unlikely to be considered as alonger reading passage and therefore tends to rule out this possible variable as far as this study is concerned.

In addition, the contents of the two test versions were different in the study of Choi et al. (2003) and could therefore have affected the score outcomes as well. However, further research on this particular variable is needed to draw any definite conclusions from this.

Contrary to the results of Group 1, Group 2 and 3 seem to be in favour of the computer-based version of Test-A with a difference of 0.201 for group 1 and a difference of 0.157 for group 2 respectively. The fact that item 2 and 3 together make up two third of the whole test makes the overall comparability picture of Test-A lean more towards the computer-based version than the paper-based version.

Nevertheless, the differences are statistically insignificant and therefore the tests are considered to be comparable.

The slightly higher score outcomes on the computer-based versions agree with the results of, for example, Puhan et al. (2007). In their study, they reported a 0.028 difference in favour of the computer-based test version which is considered to be statistically not significant according to Cohen'sd standards. Earlier studies have not always been in favour of the paper- based version of reading tests. For example, Neuman & Baydoun (1998) mentioned in the descriptive data of their analysis that, although the difference was insignificant, the students scored slightly higher on the computer-based version of the administered test with a mean difference of 0.18 (p.80). The fact that their tests were also identical in content may have contributed to the aforementioned scores and could therefore support the notion that when tests are identical in content the differences are smaller between the two modes and in many cases not even of statistical significance as they are in line with the results of Group 2 and 3 of Test version A in this study.

As for the relation to the computer familiarity questionnaire, the fact that the high frequency of using a computer at home and at school ( 91 at home and 60 at school) makes it less surprising that the test scores favoured the computer-based version to the paper-based version. This is supported by question nr. 10 of the computer familiarity questionnaire, which shows that 91 out of 92 subjects find working on a computer really fun. In turn, this could possibly have had a positive effect on the motivational factor of the students as well and therefore on the score outcomes in this study.

Contrary to the results of Test-A, the results of Test-B show that the Paper-based version is favoured over its computer-based counterpart although not statistically significant. Substantial research in the field has been carried out that supports this notion, some with similar underlying causes and others with different ones. For example, the study of de Beer & Visser (1998) although not significant, found the score means of the paper-based version of their SAT-test to be slightly higher than the computer- based version. They attributed this difference to the order of examination (mode order). When their subjects took the computer-based version of the test first and the paper-based version second, they scored higher on the paper-based mode whereas they did not find any differences when the modes were tested in reversed order. However, in this particular study this possible variable has been eliminated by dividing the tests in such a manner that both groups were tested in both orders of testing per test version. It is therefore unlikely that the results obtained from this research can be attributed to this variable. This is confirmed by the study of Choi et al. (2003) as they did not find any evidence for mode effect either although their subjects scored lower on the computer-based version of the test. They rather attributed the differences to eye fatigue, which was also found by Blackhurst (2005) who reported similar findings on this variable.

The computer familiarity variable seems to be of less significance in this particular case as well due to the self-report of the students on this issue corroborated by the researches of BESA (2007) and the Department of Commerce (2002) as mentioned earlier. As far as the issue of scrolling vs. page-turning mentioned by Higgins et al. (2005) is concerned, it does not seem to be applicable to this study either as every item could be displayed on the screen in its entirety making the presentation comparable to the paper-based version of the test.

In addition, students were able to go back to previous answered questions at any time if needed just as they were able to in the paper-based version of the test.

In summary, the results of the computer - based version of Test-A, although statistically not significant, tend to be slightly higher than the obtained scores on the paper-based version.

The results of test-B showed the opposite and favoured the paper-base version over the computer-based version. Possible reasons for these difference opted by previous research in the field did not seem to be applicable to this research due to its scale, purpose and its corresponding limitations. For example, measures were taken to avoid an effect of mode order and content differences were not present as the computer based-version was an exact copy of the paper-based version in layout and in order of item presentation. Looking at the results of both tests in the conditions mentioned, they do not show any significant differences with test A favouring 2 computer-based items against 1 paper -based item and test-B favouring 2 paper-based items over 1 computer-based item.

CHAPTER VI

CONCLUSIONS

Conclusions

The research questions to be answered for this study were:

1) Are there any significant differences in achievement scores whether tested in the computer-based mode or in the paper-based mode?

And

2) Are any of the independent variables( familiarity, anxiety, attitudes) in any way linked to the scores obtained from these tests( is there a connection between any of these variables and the test results of the two modes?)

The general conclusion that can be drawn from the data analysis on the scores of both Test-A and Test-B is that, although there are minor differences in the achievement scores, they are not statistically significant and therefore the paper-based mode and the computer-based mode of both tests can be considered to be comparable for this particular study.

However, there are a number of factors that prevent us from drawing any definite conclusions to which will we now turn.

Firstly, contrary to other studies ( e.g. Taylor et al., 1998; Choi et al., 2003) in this particular study the contents, the layout, and the order of presentation of the items are identical across modes as was the case in several other studies that have been discussed in this research ( e.g. de Beer & Visser, 1998; Neuman & Baydoun, 1998; Pommerich, 2004; Higgins et al., 2005) which might have been an important factor that has contributed to the fact that the two test versions are considered to be comparable in this study as discussed.

Secondly, although computer familiarity seems to be less of an issue as it was in the early 90's (Taylor et al. 1998; Clariana & Wallace, 2002; Pommerich, 2004; Higgins et al., 2005) supported by the results of the computer familiarity questionnaire (CFQ) in this study, it was not possible to fully explore this variable. For example, factors such as typing ability that have been identified in earlier research (e.g. Russell, 1999) were not assessed and due to the fact that both tests in this research consisted of Multiple-Choice items and Short Answer items only, the actual influence of the assumed familiarity of the students with computers (supported by the Researches of BESA, 2007 and the department of Commerce, 2002) could not be fully explored.

Thirdly, because of the fact that this study was a between-subjects comparison and not a within-subject comparison, it did not provide the possibility to compare the rank orders as pointed out by the American Psychological Association (1986) in their guidelines. It was therefore not possible to compare the test versions at item level and therefore lacked a detailed comparison on the effect on the students individually which could have resulted in a more in depth analysis of the results on individual scores and could also have given detailed information about possible causes for the slight differences in patterns identified in the descriptive data of this study.

Nevertheless, taking into account the limitations mentioned, the results from this study appear to be in agreement or partially in agreement with data obtained from earlier researches and could therefore possibly strengthen certain assumptions on the comparability of a computer-based test and a paper-based test of reading as a second language and some of the related computer familiarity issues.

For example, the results of other comparability studies where the two modes of presentation were identical ( e.g. de Beer & Visser, 1998; Neuman & Baydoun, 1998; Pommerich, 2004; Higgins et al., 2005) are in agreement with the data retrieved from this research as far as comparability issues are concerned as they all seem to favor comparability over discrepancy.

As far as the influence of computer familiarity on the score outcomes is concerned, the results from this study seem to be in agreement with other studies that have addressed this particular variable as well (e.g. (Taylor et al., 1998; Clariana & Wallace, 2002; Pommerich et al., 2004; Higgins et al., 2005) and conclude that there seem to be no significant effects of computer familiarity issues detectable.

The conclusion that anxiety has not influenced the outcomes in this research is in line with other studies that have addressed this variable such as, Smith (2003) and more recently Cassady & Gridley, (2005).

However, it is too early to draw any definite conclusions from this research taking into account matters such as the scale of the study, and the limitations that have come with it, which have prevented a number of these issues from being investigated in more depth. It is therefore recommended that further in depth research that addresses these aforementioned variables will be conducted in the future to fully address the issues that have been touched upon in this study.
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