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Abstract 
 

           The purpose of this study was to explore the use of a dynamic interactive website for computer based 
competency testing in the clinical laboratory. The dynamic interactive website was created using, ColdFusion and 
Dreamweaver. The competency testing for the study was designed to be administered to a group of clinical 
laboratory personnel. For data collection, a Likert survey was designed and administered using the dynamic 
interactive website. The survey was administered to clinical laboratory personnel and instructors. The answers and 
information from the competency testing were synchronously gathered and entered into a Microsoft Access database 
by means of the dynamic interactive website. The results from the survey indicated a positive opinion on using a 
dynamic interactive website. The survey results also indicated that this group of medical laboratory personnel found 
the interactive website effective and useful and preferred using this website for competency testing over the 
traditional written testing format. 
 
Descriptors: Interactive Website, Computer Based Competency Testing 

 
Introduction 

 
           The advent of Web 2.0 interactivity has brought about an ongoing effort to define and connect the concepts of 
personal information management and personal information manager. Currently, debate is on Web 3.0 as the 
platform for information management (Laurent, 2010). A personal information manager is a software application 
that keeps track of information. Some common examples of personal information managers are Microsoft Outlook, 
Access database, Excel, Novel Evolution, Lotus Organizer, Kontact, PalmDesktop, etc.  Personal information 
management is the study and action of gathering, maintaining, organizing and retrieving information. There are 
different types of manageable information such as printed documents, digital documents, web sites, messages, 
medical records, work-related records, school-related folders, etc. The widespread availability of application such as 
ColdFusion, Dreamweaver and Microsoft Access makes it possible for most people with minimal or no skills in 
computer programming to design their own dynamic interactive website for tracking and managing information. 
Designing and developing an independent interactive website provides autonomy and choice of freedom in deciding 
what and how information is situated on the site. Designing an interactive website offers the ability to maintain and 
control the information gathered from an interactive audience. Additionally, it allows for the collection of 
information to be managed in a private database, information that can later be used for analysis and mining.  The 
main advantages of a dynamic interactive website are the increase abilities to track, manage and present data for a 
variety of innovative uses.  
 
         The focus of this study was to explore the use of a dynamic interactive website for computer based 
competency testing in the clinical laboratory. The design of the interactive site for this study was based on several 
premises; concepts of technology integration, learning in a connected world, instructional development, instructional 
design, and open educational resources.   
 
Research Question  

 
         How do Medical Laboratory Scientists in a clinical laboratory perceive the use of an interactive website for 
computer based competency testing?  
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Literature Review 
 

            The literature review for this paper explored the best educational instructional theories and human 
performance strategies for designing an effective interactive computer base competency testing for use in the clinical 
laboratory departments.   The method currently used to assess a technologist's ability to accurately report results for 
both parts of a clinical test is to have the technologist manually perform the first part of the clinical test and then 
review a hand out with pictures illustrating different types of elements found in the microscopic part. The answers 
are then graded by comparing them to results obtained by other technologists and establish criteria. This type of 
assessment is commonly used in most clinical laboratories and doctor’s offices. However, this type of assessment is 
very time consuming in terms of performing, preparing, preserving, and grading. If the test and grading were 
integrated into a computer base program, thus eliminating preparation and preservation of the test samples, the 
employees and supervisors would have more time to devote to actual patient care testing. According to the literature 
review computer based competency testing is more consistent, efficient and effective, compared to the current 
method of competency testing. 
 
Clinical Laboratories and Competency Testing   
 
          One reason for identifying and surveying interactive competency testing is because clinical laboratories are 
in need of a practical and efficient method for competency testing. The clinical laboratory is an important part of 
the total health care provided to patients. About 70 percent of all medical diagnoses are made using laboratory 
results (Mayo, 2009). The Clinical Laboratory Improvement Act of 1988 (CLIA, 1988) mandates that competency 
testing be done by all employees routinely performing clinical testing at least once a year. Competency testing is 
also required of all personnel working in the clinical laboratories by the College of American Pathologist (CAP) and 
the Joint Commission on Accreditation of Health Organizations (JCAHO). Inspectors for these agencies look for 
proof that competency testing of laboratory personnel are done by two methods: (a) observation and (b) 
documentation. Medical Laboratory Scientists or Medical Technologists must develop and maintain skills necessary 
for interpreting and reporting accurate clinical laboratory test results. Tests in the clinical laboratory often consist of 
two major parts: (a) the manual part and (b) the microscopic part. Integrating computer base competency testing into 
the employee’s routine schedule results in time and resources being better utilized. The current method of 
assessment involves time for performance in addition to time for preparation and preservation of testing samples.  
As part of cost saving, many laboratories are also requiring clinical laboratory personnel, who have been working in 
only one area of the clinical laboratory to retrain as generalists and work in all areas of the laboratory. To determine 
if the laboratory personnel are qualified, employers are using competency testing. Competency includes more than 
just knowledge or information. Competency is the utilization of the knowledge in the actual performance of a 
procedure in a standardized competent manner.  Competency is learning how to do something and actually doing it 
right on a day-to-day basis. Written exams can be used to assess the knowledge and direct observation in a real or 
simulated setting can be used to assess competency (Norman, 1991). The goal of competency testing is to measure 
the employee’s level of understanding and provide feedback to the employee and employer on their performance. 
The two types of assessment tests, formative or summative, are conducted. Formative evaluation is typically carried 
out during the development or improvement of a program or product and conducted more than once for in-house 
staff with the intent to improve performance. The results normally remain in-house but are sometimes provided to an 
external evaluator. Many employers are, in an informal sense, constantly doing formative evaluation during their 
observations of workers (Scriven, 1991). In formative testing the results do not contribute to an employee’s grade 
but are used to improve the employee’s knowledge and identify any weaknesses in his or her knowledge and 
understanding of the work. Summative evaluation, on the other hand, is usually quantitative, which means using 
numeric scores or letter grades to assess learner’s or employee’s achievement.  
        
            The subjective nature of reading the microscopic part of a test makes it difficult to develop a consistent and 
valid assessment method. Providing written and consistent grading criteria will help in eliminating the subjectivity 
in reading the microscopic part of a test and also add validity to the method. With the development and 
improvement in computer imaging and technology it is now feasible to use color images of actual microscopic test 
slides. The current method of having the employee review an actual microscopic slide for elements helps with 
improving competency, but the current manual method is time consuming for both the employee and employer. The 
current method of doing it is to have the employee submit a written response and then have them wait for the 
employer to grade it. A computer based competency test will allow the use of digital images of elements for review, 
making the process more efficient both for testing and grading.  
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            In a meta-analysis of studies, Computer Based Instruction (CBI) in the health professions was reviewed for 
(a) achievement effects (b) adult learners' long-term retention (c) attitudes toward content and (d) instructional 
method. The analysis consisted of 47 studies with 10 classified as allied health studies. In 32 of the studies, the 
students using CBI had higher examination averages (Cohen & Dacanay, 1992). Bruce (1990) found that in clinical 
laboratory science, computer-assisted instruction is more effective than a correspondence course and as effective as 
a workshop in providing continuing education. Computer-aided instruction provides a pleasant variation in teaching 
techniques, saves instructors time, and appears to stimulate active student discussion.  
      
            CBI draws from several disciplines such as design theory, learning theories, instructional theories.  Williams 
(2000) states that there were several different views on what learning theories best applied to learning by means of 
computer based instruction. Behaviorism and constructivism theories have impacted online learning. Currently, most 
courses are being designed along the constructivism theory. In behaviorism the main point of interest is to produce a 
desired behavior that is controlled by the environment. The constructive view is to explore how learning is occurring 
within the environment created. 
       
            The early research studies on computer-based instruction compared it with instructor led instruction. The 
studies tended to view the computer as an independent variable and assumed that the computer itself was affecting 
the learning process (Thompson, Simonson, & Hargrave, 1993). Current research is more focused on the computer 
environment and how it has the potential for improving students problem solving and critical thinking (Krange & 
Ludvigsen, 2008). The new computer environments are promoting the more active and individualized learning on 
the part of the students as well as encouraging teachers to act as facilitators instead of the sage on stage.  
       
            Advantages of computer based instruction includes the ability to reach a much wider audience, the learner's 
control of pacing and approach, flexibility in instructional methodology, and assessment. However, the effectiveness 
of computer based instruction depends on developing proper pedagogical delivery of instruction and testing. 
 
            Some of the alleged disadvantages of computer based instruction are: (a) it is not as effective as having an 
actual person teach. CBI studies do not compare equal teaching methods because the resources do not have the 
pedagogical strategies or knowledge content (Prewitt, 1998) (b) perceived as impersonal and fails to identify 
learners or learning tasks for which CBI may be most appropriate (Lawson, 1999) (c) there is no significant 
difference between the level of learning in computer based instruction and the traditional or standard method. CBI 
users usually devote more time to the common learning goal than their peers so any improvement in performance 
was due to more effort and not something inherently better in using computers to teach (Williams & Zahed, 2005). 
 
Use of Online Surveys 

 
            The use of computers for surveys is fairly new and is still developing. At first creating and administering on-
line surveys was very time consuming. It required skills in computer programming and scripting programs. 
Nowadays we have survey authoring software packages and online survey services such as Survey Monkey and 
Zoomerang. The main problem now is that practitioners in the different disciplines do not know all the advantages 
and disadvantages associated with conducting on-line surveys for their unique and particular area.  
              
            The introduction of the Internet and e-mail opened up a new avenue for conducting surveys. Instead of 
providing the respondent with a paper and pencil survey, a respondent is now given a hyperlink to a Website survey. 
In an e-mail survey the questionnaire is sent by e-mail, which the respondent fills out and mails back to the 
interviewer. A web survey provides the capabilities of incorporating multi-media graphics and sound into the 
instrument. 
   
            One major advantage of computer-based surveys is that the computer automates the data entry phase of a 
survey. This increases the accuracy of data entry and saves times and cost in collating. This advantage is also being 
utilized in paper surveys by using scannable surveys. In scannable surveys the respondent completes the specially 
designed form by filling in a circle, oval, or square to show his answer. An optical scanner is then used to record the 
responses that are then digitized and entered into a computer for easy manipulation. 
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Mode of Inquiry 
      
            This was a descriptive quantitative research study utilizing a Likert survey to gather data. The participants 
representing a larger population were surveyed only once for this study. The selection of the participants was not 
random, therefore making the process a non probability method. The independent variable was the use of a dynamic 
interactive computer base site for competency testing and the depended variable was the opinion on efficacy, 
preference and usefulness of an interactive website for computer based competency testing and information 
management in the clinical laboratory.         
 
            The main reason for conducting a computer base survey for this study was the convenience and easy of using 
computer base surveys. The survey for this study was developed using the applications: ColdFusion, Dreamweaver 
and Microsoft Access. The reason for designing and developing the survey instead of using one of the many free 
survey applications available on the internet was personal preference for full control of the final product and the 
avoidance of relying on generic commercial products. Furthermore, having full control of a website and database 
encourages creativity and versatility.  
 
            Technologies on how we communicate have contributed and made an impact on how we collect data. The 
data from the survey will be synchronously gathered into an access database once the respondent submits the 
answers. Because of time constraints the computer base survey was the most appropriate instrument for this study. 
The multidimensional construct of this survey is the opinion of clinical laboratory personnel on the use of an 
interactive website in the clinical laboratory for information management and clinical competency testing. The 
opinion is a concept or abstract that is not directly observable or measurable. The three measured dimensions of the 
construct used in this study were (a) efficacy (b) preference and (d) usefulness. The survey was a non-testable Likert 
scale used to measure the opinions of the respondents. The scale of measurement was ordinal; measurements were 
not limited to just label items but the underlying order of responses. The opinions provided insight on the judgment 
or attitude as perceived by the respondents.  Italic lettering was used in the survey items to emphasize whether the 
direction of the question was positively or negatively stated (Cox & Cox, 2008). The survey was cross-sectional 
intended to collect data from a sample that was drawn from a predetermined population and collected at one point in 
time. The questions selected were based on personal preference and the literature review on computer based surveys. 
Several of the questions selected were developed by (McVay, 2001) which are designed to measure comfort with 
some of the basic skills and components of online learning and testing. In addition, questions from a study that 
measured the “comfort with online learning” and “self-management of learning” along with the desire for 
interactivity and effectiveness of online learning were also used (Bures, Abrami, & Amundsen, 2000). In total, the 
questionnaire contained 52 Likert items that reflect on the attitude object using a 5-point scale ranging from 
“strongly agree to strongly disagree” with "5 indicating strongly agree and 1 strongly disagree".  Included in the 
survey were reverse questions to cancel out the bias of wanting to agree with everything and increase internal 
validity. A 5-point scale was used because the majority of the articles reviewed for this study suggested using a 5-
point scale to get opinions that are strongly positive, negative or neutral. The answers to the Likert items also were 
used to develop an index score that indicated direction and intensity. Some demographic information was collected 
using an additional six questions.  
    
            The sample for the survey consisted of a convenient sample of 22 persons who work in clinical laboratories. 
The sample was a non probability sample that relied on available participants.  The population selected for the study 
was individuals who supervise or had instructional technology experience in the clinical laboratory. The selection 
preference was geared towards the solicitation of opinions from individuals who would benefit from a dynamic 
interactive website utilized for competency testing and information management. Of the 22 persons that were asked 
to participate by e-mail, 20 filled out the survey. It was a 91percent rate of participation which is higher than the 
average of 50 and is considered good. However, this was probably due to sample size and convenient sampling. 
Included with the request for participation was a monetary inducement in the form of a McDonald's 10 dollar gift 
card.  
       
            The characteristics of the respondents that participated in the survey lend themselves to computer based 
surveying. The majority of the individuals work with computers on a daily bases. Most of the respondents are well 
educated and have at least a bachelor’s degree and are familiar with using the internet. The participants also had 
access to the internet either at work or home. Since the survey was limited to gathering data and opinions on a 
dynamic interactive website for competency testing and information management, it was unlikely that 
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confidentiality would be a major issue. The data from the survey was synchronously gathered into a secured 
database once the respondent submitted their answers. 
 

Data Analysis 
 
            Validity is the truthfulness of the survey or whether it measures what you intent to measure. To check for 
validity of the data collected by the survey an alignment check was conducted as demonstrated by (Cox & Cox, 
2008).  A matrix was designed in which the guiding questions that were answered occupy one dimension and the 
questionnaire items the other. Each item was evaluated and checked against the guiding questions each item referred 
to. Afterwards, validity was checked by cross-referencing the content of the instrument elements with similar 
elements discussed in the literature review. Further review of the data indicated that content validity was established. 
The dimensions sampled by the items appeared to be representative of the attribute opinion.  Furthermore, the 
correlations between the dimensions appeared low but strong between the items within. 

 
Table 1 

Sample Alignment Check 
Questions 

 
          
            Reliability is consistency in measuring what you want to measure. Validity on the other hand is measuring 
what you intent to measure and implies reliability but reliability does not necessarily implies validity. As part of 
checking for reliability a descriptive analysis of the data and coefficient alpha was done to check for outliers, 
missing data, or any other abnormality that would interfere with the data analysis. The descriptive analysis of the 
data did not show any missing data or outliers.  
 
Assessing Scale Reliability with Coefficient Alpha 

 
                       The statistical software program used to conduct the data analysis in this study was PASW Statistics 
18.   An item-by-item analysis was performed to determine if coefficient alpha could be improved by removing 
items. For this analysis all items comprised a good scale so removing items was not necessary. 
 
            The Coefficient alpha calculated for all the 52 items on the construct was .943 indicting good scale reliability 
since it is equal or higher than .70 (Cronbach, 1951). The Coefficient alpha calculated for the dimension represented 
by items 1-13 was .793. The Coefficient alpha calculated for the dimension represented by items 14-26 was .734. 
The Coefficient alpha calculated for the dimension represented by items 27-40 was .968. The Coefficient alpha 
calculated for the dimension represented by items 40-52 was .849.  
 
            The Pearson correlation coefficient between all pairs of questions demonstrated that all the questions 
correlate fairly well so there was no need to consider eliminating any question. A scan of the correlation matrix to 
check the pattern of relationships was conducted. A review of the correlation coefficients did not indicate any values 
greater the 0.9.  Correlated coefficients values greater than 0.9 may indicate singularity of the data which could 
result in values being highly correlated, causing problems with factor analysis.  

 
            As part of the study a communality analysis was performed on the data. The communality measures the 
percent to variance in a given variable explained by all the factors jointly and may be interpreted as the reliability of 
the indicator. In general, communalities show for which measured variables the factor analysis is working best and 
least well. The percent of variance for each indicator in this study did not show the need to eliminate any of them.  
 
            A principal component analysis was performed on the data to analyze for any coherent factor structure 
underlying the items on the survey. The component matrix of the principal component analysis produced the factor 
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loadings results for the study. This was the central output for factor analysis. The factor loadings or component 
loadings are the correlation coefficients between the variables (rows) and factors (columns). Factor loadings are the 
basis for imputing a label to the different factors. Loadings above .6 are usually considered "high" and those below 
.4 are "low."  Therefore a high loading corresponds to the type of factor and a low does not. As part of the factor 
analysis a rotated factor component matrix was also done to achieve a better spread on the loading of the items. The 
rotated factor matrix analyses yield six factors with Eigen value greater than 2.0 (ranging from 2.175 to 21.352). 
These six factors accounted for 78.229 of the overall variance. After examining the factor loading of the six factors 
it was decided to use only the first three factors with the highest number of items loading above 0.40 since these 
were the factors that had the items evenly spread and appeared to cover the majority of coherent factor structure 
underlying the survey. The three factor selected were (a) efficacy, (b) perception and (c) usefulness.  
             

Table 2 

 
            The scree plot of SPSS data analysis indicated a point of inflexion on the curve. The curve began to tail off 
between 3 and 4 factors. It also tail off again after 5 factors. It was decided that for this study the retention of 3 
factors would be appropriate.  
 

Results 
 
            Analysis of the data indicated that certain items that grouped together exhibited high loading on the same 
factor. It was concluded that these items measured the same construct.   Three dimensions (efficacy, perception, and 
usefulness) were selected based on loading after rotating factor analysis and the resulting reverse coding clusters. 
Although some items cross loaded the majority exhibited high loading on only one factor. The original dimensions 
of perception and worthiness were combined into the dimension of usefulness. The basis for combining the two 
dimensions was after examining the data, a pattern emerge that cluster the questions of perception and worthiness 
into the dimension of usefulness. Further review of the items indicated that by eliminating and modifying some of 
the questions on the survey a better set of data could be gathered.  Further review of the data also indicated that the 
goal of data reduction, description of relationship between items and the test theory about the relationship of the 
dimensions were met.  
 

Discussion and Recommendations 
 
            The clinical laboratories are in need of a comprehensive, effective, and efficient computer base competency 
test to meet the requirements of the accreditation agencies. The literature review indicates that the best methods for 
evaluating and designing an instructional program, such as a computer-based competency test is to first start with a 
viable design that is eclectic. The best method to accomplish this goal is to start by evaluating the design of the 
competency test in a holistic manner utilizing educational theories such as constuctivism.  Furthermore, the literature 
review indicates that the advantages of using computer based instruction outweigh the perceived disadvantages.   
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            The computer application used to set up the interactive site and survey were Dreamweaver, ColdFusion and 
Microsoft’s Access database. These applications were selected because they provide a practical and convenient 
method of setting up an interactive information management environment on a local or remote server. This 
capability allows the gathering of data for analysis, collating and grading.  The website also facilitated the sending 
of invitations for participation by e-mail. Twenty-two persons working in the clinical laboratory were invited to take 
the survey and were directed to the URL of the functional interactive website set up for competency testing. 
      
             The results from the survey indicated that the participants felt using dynamic interactive website was 
preferred, effective and useful for competency testing in the clinical laboratory.       In addition the study indicates 
that research to compare current methods of competency testing and computer based testing is needed. Furthermore, 
the study also indicates that research on the different ways of using an interactive website for a variety of 
applications such as on-line surveys, data gathering, local network location, educational instructional design, etc. is 
also needed.  
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