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ABSTRACT 

The study attempted to compare the retrieval effectiveness of Greenstone and DSpace digital library software in 

handling rich text data. A web-experimental design was adopted and a Participant Observation Template (POT) 

was distributed and used to record users’ observations for number of rich text data retrieved and number of 

relevant data retrieved which were used to compute the recall and precision ratios. Out of the 54 students 

targeted, only 35 attended the training hence 35 copies of the POT were distributed to an intact class of trained 

500 level students. 34 copies were returned and 33 were found usable representing 97.14% response rate. The 

data collected were analysed using mean and standard deviation, presented in tables and graphs while the 

hypotheses was tested using t-test statistic at 0.05 level of significance. The result showed that DSpace had a 

higher recall ( = 3.370) than Greenstone ( = 2.799) while Greenstone had a higher precision ( = 0.347) than 

DSpace ( = 0.259). There was no significant difference in the mean recall ratio between Greenstone (  = 279.89) 

and DSpace ( = 339.73) while there was a significant difference in the mean precision ratio between Greenstone 

( =34.696) and DSpace ( =25.906). The study concluded that the overall performance of Greenstone software 

was better than DSpace in handling rich text data. Based on the findings of this research, it is recommended that 

digital library management systems should be redesigned to enable greater flexibility for the librarians, 

repository managers, or metadata editors to index digital materials at the point of editing the descriptive 

metadata. 
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I.  INTRODUCTION    
 

Digital libraries and its associated technologies have 
greatly transformed the activities of traditional libraries. 

Digital libraries enable users to have access to library 

collections that have either been digitized or were “born 

digital” irrespective of time and geographical barrier, over 

an active network connection available to a user.  

 

Digital Library Management Systems have made the 

development and management of digital libraries easy. 

These systems are typically expected to handle a variety 

of contents ranging from texts, images, sounds/audio and 

videos in such a manner that their capture, management, 
dissemination and archiving will be carried out effectively 

[1]. The dwindling financial resources allocated to most 

libraries have shifted the focus of librarians from 

expensive commercial digital library management 

software to their freely available open source 

counterparts. 

The Greenstone Digital Library Software (GDLS) or 

Greenstone is a group of interdependent software for 

creation and dissemination of digital collections[2]. It is a 

very popular and widely deployed open source application 

for building digital libraries worldwide. The software is 

promoted by the New Zealand Digital Library Project 
(NZDL) at the University of Waikato and enjoys the 

sponsorship of the United Nations Educational Scientific 

and Cultural Organisation (UNESCO)[3]. The initial 

release of Greenstone software was in 2000 under the 

GNU public license [4].  

DSpace is another very popular open source application 

for digital library system. It is an open source software 

package that provides tools for the management of digital 

assets, and is commonly used as the basis for building 

institutional repositories [5]. 

It enables organisations to capture and describe digital 
materials with the aid of a submission workflow module 

and other ingest options, distribute digital assets of 

organisations over the web through a search and retrieval 

system and preserve digital assets over the long term[6].  

DSpace was jointly developed by Hewlett Packard (HP) 

Laboratories and Massachusetts Institute of Technology 

(MIT) libraries and the first version was released to the 

public in November 2002 [7].  

Textual information has emerged as the predominant 

format of information in the world. Textual information is 

any information that is presented using words and 

characters. The advancements in computing technology 

have made it possible for textual information to be 

produced, organized, stored and disseminated at an 

alarming rate. According to Rouse [8], a text is a “human-

readable sequence of characters and the words they form 

that can be encoded into computer-readable formats such 

as American Standard Code for Information Interchange 

(ASCII), UTF-8 among others. Texts are generally 

classified into two broad categories namely; plain text and 

rich text. Plain texts do not contain any kind of 

formatting; only white spaces and line breaks. Rich texts 

also known as formatted texts or styled text contain 

formatting beyond the basic semantic elements such as 

colours, italics, bold. Furthermore, they are able to 

incorporate special features such as tables, graphics, 

hyperlinks, diagrams and so on. 

 

Statement of the Problem  

A digital library is a focused collection of digital objects 

that can include text, visual, and/or video materials stored 

as electronic media formats (as opposed to print, 
microform, or any other media) along with the means for 

organising, storing, and retrieving the file and media 

contained in the library. The electronic content can be 

stored locally or accessed remotely via computer 

networks. 

A digital library management system is a type of 

information storage and retrieval system (ISRS). ISRS 

collect, organise, store materials, and provide a means of 

retrieving them. Traditional libraries were among the first 

institutions that used information retrieval systems to 

create catalogue of records before the advent of 
computers. Traditional libraries made use of manual 

retrieval devices like the book and serial catalogues, 

indexes, bibliographies and abstracts; mechanical devices 

like uniterm, optical coincidence cards, edge-notched 

cards, while the computer age brought Online Public 

Access Catalogue (OPAC), WebOPAC, and recently, 

digital library systems. All these devices were designed to 

use the collection available in the library. 

In information storage and retrieval evaluation, test 

collections were usually assembled, organised, indexed, 

catalogued, and stored while retrieval devices were used 
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to search and retrieve the documents. In information 

retrieval systems sans storage, information resources are 

stored by database and content publishers while search 

engines are used to retrieve them. These are the two 

different approaches to information retrieval in the 

information systems field. The digital library system 
replicates the information storage and retrieval approach 

while the search engine system epitomises the information 

retrieval approach.  

The search engine approach to information retrieval is 

unable to determine the total number of relevant items in 

the database resulting in the development of the 

appropriate evaluation metrics of relative recall ratio and 

relative precision ratio instead of the actual recall and 

precision ratios. The digital library system is built in-

house, so has capacity to determine the total number of 

relevant items to a search query but search engines may 
not on their own know, thus, retrieval effectiveness 

evaluation centre on relative recall and precision ratios.  

The former approach has been abandoned for a while for 

the latter since the debut of search engines. However, the 

advent of digital library management systems makes the 

recall and precision ratios approach of the traditional 

library retrieval devices an attraction because it has 

redeemed the purist approach to information storage and 

retrieval evaluation, with particular attention to the library 

environment. With the digital library system, the era of 

separating storage and retrieval components of the 

information storage and retrieval system as found in the 
manual library and search engine approaches has come to 

an end in the library environment. It is therefore necessary 

to explore the response of digital library systems to 

evaluation in order to determine their retrieval behaviour. 

 

Aim and Objectives 

The aim of this study is to conduct performance tests on 

the effectiveness of Greenstone and DSpace in handling 

rich text data. To achieve this aim, the specific objectives 

are to: 

1. ascertain the recall of Greenstone and DSpace 

Software in handling rich text data. 

2. compare the recall ratio of Greenstone and 

DSpace software in handling rich text data. 

3. find out the precision of Greenstone and DSpace 

Software in handling rich text data. 

4. compare the precision ratio of Greenstone and 

DSpace software in handling rich text data. 

 

Research Questions 

The following research questions guided the study: 

1. What is the recall of Greenstone and DSpace 

software in handling rich text data? 

2. Is there any difference between the recall 

ratio of Greenstone and DSpace Software in 

handling rich text data? 

3. What is the precision of Greenstone and 

DSpace software in handling rich text data? 

4. Is there any difference between the precision 

ratio of Greenstone and DSpace software in 

handling rich text data? 

 

Research Hypotheses 

The following null hypothesis was tested at 0.05 level of 

significance: 

1. HO1: There is no significant difference between 

the recall ratio of Greenstone and DSpace 

software in handling rich text data. 

2. HO2: There is no significant difference between 

the precision ratio of Greenstone and DSpace 

software in handling rich text data. 

II. REVIEW OF RELATED LITERATURE   

 

Effectiveness, according to Vickery [9], is the degree to 
which an information system achieves stated objectives. 

Cleverdon [10] posits that effectiveness of an information 

system is some measure of the extent to which it meets 

user needs. Overall system effectiveness and retrieval 

effectiveness are two approaches for evaluating 

information systems performance. Overall system 

effectiveness is the ability of the information system to 

perform optimally. Retrieval effectiveness is the ability of 

an information system to present all relevant documents 

while withholding non-relevant documents. Cleverdon 

[10] and Samuelson [11] proposed measures for 
evaluating overall system performance and retrieval 

performance of information systems. Cleverdon [10] 

proposed response time, recall, precision, coverage, 

amount of time, and effort required from the user while 

Samuelson [11] proposed ten different characteristics for 

evaluating information system performance as 

flexibility/modifiability, reliability of components, 

accessibility (of service points), availability (of ultimate 

information), response time, priorities (queues), precision 

(exclusion of unwanted information), timeliness (currency 

of contents), recall (all relevant information), and pricing.  
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However, Vickery [9] has argued that recall and precision 

are two measures of retrieval effectiveness of information 

systems while other characteristics, like response time, 

effort, and economic efficiency measure overall 

performance of information retrieval systems. According 

to Cleverdon [10] recall is the ability of the system to 
present all relevant documents while precision is the 

ability of the system to withhold non-relevant documents. 

Two most frequently used measures to evaluate the 

performance of document retrieval systems are recall ratio 

and precision ratio. Recall ratio measures the ability of an 

information retrieval system to maximise the number of 

relevant documents retrieved while the precision ratio 

measures the ability of information retrieval system to 

minimise the number of non-relevant documents retrieved 

in response to a query. 

 
Recall ratio is given by the equation: 

 

  --

----------------- (1) 

 

Precision ratio is given by the equation 

 : -------

--------------(2) 

 

Recall:  --

------------------------------------------(3) 

 

Precision: -----

------------------------------------------(4) 

 

The Cranfield experiment 1 and 2 [12] provided the 

foundation for the findings above. The major aim of the 

first Cranfield experiment was an attempt to study four 

dissimilar indexing systems in order to determine their 

operational performance. The indexing systems studied 

include: facet classification system, universal decimal 

classification (UDC), alphabetical subject catalogue and 
the uniterm system of coordinate indexing [12]. It was 

discovered that the performance of the various systems in 

terms of level of efficiency was the same.  

 

In the course of the first Cranfield project, a test-

collection consisting of 1,100 documents in the index of 

metallurgical literature of Western Reserve University 

were evaluated and subsequently compared with the 

faceted index covering the same set of documents at 

Cranfield [12] in Cleverdon [10].  

The results from these tests sought to establish the metrics 

that can be used to measure operational performance of 

information retrieval systems. The two measures of recall 

and precision were observed to be highly important 

metrics.  

 
The experiment pinpointed several devices and broadly 

categorized them into two, the recall devices which are 

geared towards increasing the probability of handling 

more relevant documents and the precision devices which 

are aimed at ensuring that non-relevant documents are not 

retrieved.  

 

Examples of recall devices comprise grouping of 

synonyms, the confounding of word forms, or the 

formation of classes of related terms while examples of 

precision devices consist of co-ordination- whether pre –
coordination or post-coordination, roles and links.  

 

The results from the Cranfield 1 experiment showed that 

the indexing systems are a combination of recall and 

precision devices and they interact with each other in such 

a way that it is impossible to measure their overall effect 

on the performance on each indexing system. The study 

concluded that the Universal Decimal Classification 

scheme was the most complex because of its inclusion of 

both recall and precision devices. 

The aim of the second Cranfield experiment or Cranfield 

2 was to investigate the individual retrieval tools in 
isolation and in all practical combination, and attempt to 

measure the effect of each device on performance. A test 

collection consisting of 1,400 research papers, particularly 

in the area of aerodynamics was developed for this study. 

Individual documents in the test collection were indexed 

differently using three methods: the first method involves 

the selection of the most important concepts which are 

then recorded in the natural language of the paper. 

Secondly, all single terms in the selected concepts were 

listed and finally, the concepts were combined in several 

ways to form the major themes of the document. During 
indexing, each of the selected concept was allocated 

(1,2,3….) to signify relative prominence.  

The number ‘1’ was assigned to the concept in the main 

theme while the less significant concept was allocated a 

weight of ‘2’ and the minor concept was allotted ‘3’ 

respectively. 
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In carrying out the assessment, 221 queries provided by 

the authors of some of the documents in the test collection 

were employed. The main task entailed determining the 

relevance of each research paper in relation to each of the 

query. The relevance decisions were arrived at by the 

creators of the question and adjudged on a scale of 1 to 4 
using the following benchmarks:    

 

1. References which provide ample answer to a 

query. 

2. References which possess a high level of 

relevance, without which the study would not 

have been feasible. 

3. The usefulness of the references, either within 

the general context of the work or a specific 

aspect of the paper. 

4. References of least importance such as those 

whose inclusion portrays an historical 

perspective. 

Cleverdon [12] posited that when testing an information 

retrieval system, performance is presented by plotting the 

recall ratio against either the precision ratio or the fallout 

ratio. However, the fallout ratio was observed to be more 

suitable when comparing performances of document 

collections of different sizes whereas precision ratio was 

more satisfactory for most of the results obtained in the 

Cranfield experiment. 

The Cranfield 2 experiment investigated three main types 

of index languages. For the first, only single terms were 
used and all the terms were in the natural language of the 

documents. These natural language terms were used for 

the basic index language. Another single term index 

language was developed using grouped synonyms while 

the third was made up of confounded word forms.  

Further single term index languages had group of terms 

based on different hierarchical classes. The second main 

type of index language made used of concepts. The basic 

Simple Concept Index (SCI) language used these terms as 

they occurred in the document. Fourteen additional index 

languages were formed on the basis of various groupings 

of these terms. 

The third major type comprises six distinct indexing 

systems whose categorisation was based on a set of 

controlled terms. Furthermore, four other indexing 

languages whose index terms covered all the key words in 

either the titles or abstracts were also used. The searches 

were conducted such that the only exceptions to absolute 

consistency were index language, relevance decision or 

search rule. A number of the search results were 

accumulated and the results derived from the test were 

represented in a tabular form showing the number of 

relevant and non-relevant documents retrieved at various 
degree of coordination after which the figures were used 

to calculate the recall ratio, precision ratio and fall-out 

ratio.  

The two groups of results were also presented graphically 

by plotting recall against precision. The graphical 

depiction and the test results established the inverse 

relationship that exists between recall and precision which 

had been postulated in an earlier Cranfield work 

(Cleverdon [10] cited in Cleverdon [12] ). 

 

It is estimated that about 300,000 test results were 
obtained from the Cranfield 2 experiment and the results 

showed the same trend consistently. However, the 

experiment highlighted the difficulty involved in 

presenting some of the findings in a manner which gave a 

direct comparison between the different retrieval systems. 

Digital library software deployment is a recent 

phenomenon and testing, measuring or evaluating the 

performance and effectiveness is a burgeoning area of 

research interest. In testing overall performance, Imavah 

& Abifarin [13] compared the response time of 

Greenstone and DSpace in handling rich text data. The 

results showed that Greenstone had a mean response time 
of 0.013s while DSpace had 0.014s indicating a difference 

of 0.001s in mean response time between them. Though 

the mean response time of Greenstone was found to be 

slightly higher than that of DSpace, the difference was not 

statistically significant. In furtherance of deepening 

research in digital library software performance, the 

current study attempts to compare the retrieval 

effectiveness of Greenstone and DSpace in handling rich 

text data using recall and precision metrics. 
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III. RESEARCH METHODOLOGY  

 

This study adopted Web-based experimental design. This 

research design is a type of online research method which 

involves experiments that are carried out with the support 

of Internet technologies such as servers, web browsers, 
computer networks, and computer hardware [14]. This 

design is suitable for the evaluation of digital libraries 

because they are systems that run entirely on web 

technologies. 
 

The target population of this study was 54 comprising an 

intact class of 500 level students of the Department of 

Library and Information and Technology, Federal 

University of Technology, Minna. However, only 35 

students who attended the pre-testing training were used 

as participants. This category of students was considered 

because the collections in the databases are well suited for 

their undergraduate project needs; they have already been 

exposed to, and are familiar with the test parameters used 

in this study; and majority of the students possess the 

basic technical skills such as internet browsing and online 

searching skills required to conduct this study. 
 

The instruments that were used for this study are the 

treatment instrument and the test instrument. The 

treatment instruments are the two digital libraries that 

were created using the Greenstone and DSpace digital 

library management software respectively. The test 

instrument was the Participant Observation Template 

(POT) which was designed for the purposes of recording 

observations for retrieval effectiveness of the two digital 

library systems. 

 
The Greenstone digital library software and DSpace 

source codes were downloaded from 

www.sourceforge.net and used to create two separate 

databases on two standalone computers of similar 

specifications. The test collection consisted of retrieved 

students’ undergraduate projects contained in CD-ROMs 

which were processed and merged. A uniform identifier 

was assigned to uniquely identify each document. 

 

The processed data were ingested into the databases and 

described using the Dublin Core metadata standard. Each 

document was assigned 33 keywords in order to guarantee 
exhaustivity and specificity for easy retrieval.  

 

These terms were used to query the databases while 

participants compared the keywords entered with the 

search results retrieved in order to determine its relevance 

to the query. 
 

The location for the performance evaluation was the 

computer laboratory of the Department of Library and 

Information Technology, Federal University of 

Technology, Minna, Nigeria. The participants were 

trained and their consent sought after which a copy of the 

POT was distributed to them to enable them record their 
observations for number of relevant rich text data 

retrievedbythe two digital library systems developed with 

Greenstone and DSpace software respectively. Each 

participant was asked to select three keywords each from 

the bespoke index developed for this study i.e. one simple 

term, one compound keyword and one inverted keyword. 

These keywords were used to query the two databases one 

after the other and their observations for response time for 

each search activity. A total of 99 iterations were carried 

out and the data generated were computed using the 

Microsoft Excel 2013spreadsheet application while the 
results were presented in tables and graphs. The recall 

ratio and precision ratio formulas were used to answer the 

research questions. The two null hypotheses were tested 

using the t-test. 

 

The formulae used for computing the recall and precision 

values are: 

 

Recall (R) =  

 

Recall ratio (Rr) =  

 

where: A= number of relevant documents retrieved 

 B = number of relevant records not retrieved 

 

Mean recall ratio =  

where:Rr = recall ratio 
 n = number of iterations  

 

While Precision (P) =   

 

Precision ratio (Pr) =   

 

where: A= Number of relevant records retrieved 

 C = Number of irrelevant records retrieved 

 

Mean precision ratio =  

 

where: Pr = precision ratio 

 n = number of iterations 
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IV. RESULTS  

 

Research Question 1: What is the recall of Greenstone 

and DSpace software in handling rich text data? 

Table 1  shows the mean recall and standard deviation of 

Greenstone and DSpace in handling rich text data. The 

result reveals that for the number (N) of iterations 

observed (N=99), the mean recall and standard deviation 
of Greenstone are 2.799 and 4.349 respectively. Similarly, 

the mean recall and standard deviation of DSpace are 

3.397 and 4.407 respectively. This indicates that DSpace 

has a higher recall than Greenstone in handling rich text 

data. 

 

Figure 1 shows the recall (y-axis) of Greenstone, in the blue plot 

and DSpace in the red plot against the search queries (x-axis). 

The highest point for DSpace was observed at q4 while the 

highest point for Greenstone was observed at q47. These highest 

points imply very high recall for both systems and could be the 

resultant effect spurious outputs by both digital library systems. 
Generally, the graph showed random fluctuations and similar 

patterns for most simple index terms. However, an apparently 

irregular pattern was observed for the inverted and compound 

keywords respectively. This shows that the search outputs are 

influenced by the structure of the keywords used. 

Research Question 2: Is there any difference between the recall 

ratio of Greenstone and DSpace Software in handling rich text 

data? 

Table 2 shows the mean and standard deviation of the recall ratio 

of Greenstone and DSpace in handling rich text data. The result 

reveals that for the number of iterations carried out (N=99), the 
mean recall ratio and standard deviation of Greenstone are 

279.894 and 434.993 respectively. Similarly, the mean recall 

ratio and standard deviation of DSpace are 339.733 and 440.711 

respectively. The difference between the recall ratios of the two 

software is 59.839 indicating that DSpace has a higher recall ratio 

than Greenstone in handling rich text data. 

 

Figure 2 shows the recall ratio (y-axis) of Greenstone, in the 

blue plot and DSpace in the red plot against the search 

queries (x-axis). The highest point for DSpace was observed 

at q4 while the highest point for Greenstone was observed at 

q47 respectively.  
It was observed that there was a uniform trend in the recall 

ratio for the simple term queries (q1-q33) while an upward 

and dissimilar trend was observed for inverted (q34-q66) and 

compound queries (q67-q99) respectively. It can therefore be 

inferred that both systems performed well in retrieving 

simple index terms and returned extremely high recall ratios 

for most compound and inverted keywords. This means that 

the structures of the keywords have an effect on the output of 

both systems. 

 
Research Question 3: What is the precision of 

Greenstone and DSpace software in handling rich text 

data? 

Table 3 shows the mean precision and standard deviation 

of Greenstone and DSpace in handling rich text data. The 

result reveals that for the number (N) of iterations carried 

out (N=99), the mean precision and standard deviation of 

Greenstone are 0.347 and 0.327 respectively. Similarly, 

the mean precision and standard deviation of DSpace are 

0.259 and 0.269 respectively. This implies that Greenstone 

has a higher precision than DSpace in handling rich text 
data. 

Figure 3 is a plot of the precision (y-axis) of Greenstone 

software, in the blue plot and DSpace in the red plot 

against the search queries (x-axis). The graph shows 

random fluctuations which do not appear to be predictable.  

It is also apparent from the graph that simple index terms 

showed a uniform pattern of high precision for the two 

digital library systems.  

However, the trend for inverted keywords (q34-67) was 

slightly lower in terms of precision while compound 

keywords (q68-q99) returned the least precision for both 

digital library systems. The observed variation s could be 
attributed to the pattern of the search queries used to 

interrogate Greenstone and DSpace.  

 

Research Question 4:Is there any difference between the 

precision ratio of Greenstone and DSpace software in 

handling rich text data? 

Table 4 shows the mean precision ratio and standard 

deviation of Greenstone and DSpace in handling rich text 

data. The result reveals that for the number of iterations 

carried out (N=99), the mean precision ratio and standard 

deviation of Greenstone are 34.696 and 32.659 
respectively. Similarly, the mean precision ratio and 

standard deviation of DSpace are 25.906 and 26.904 

respectively. The difference between Greenstone and 

DSpace software in retrieving rich text data is 8.790. This 

indicates that Greenstone has a higher precision ratio than 

DSpace in handling rich text data. 
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Figure 4 shows the precision ratio (y-axis) of Greenstone 

software, in the blue plot and DSpace in the red plot 

against the search queries (x-axis). The graph shows 

random fluctuations which do not appear to be 

predictable. It is also apparent from the graph that simple 

index terms showed a uniform pattern of high precision 
ratio for the two digital library systems. However, the 

trend for inverted keywords (q34-67) was slightly lower 

in terms of precision ratio while compound keywords 

(q68-q99) returned the least precision ratio for both digital 

library systems. The observed variations could be 

attributed to the pattern of the search queries used to 

interrogate Greenstone and DSpace respectively. 

Hypotheses Testing 

HO1: There is no significant difference between the recall 

ratio of Greenstone and DSpace software in handling rich 

text data. 
 

Table 5 shows that there was no significant difference at 

P> 0.05 level of significance (P= .120). This means that 

there was no significant difference between the mean 

recall ratio of Greenstone ( =279.89, S = 434.993) and 

DSpace ( =339.73, S =440.711) in handling rich text 
data. Therefore, the null hypothesis is retained. 

 

HO2: There is no significant difference between the 

precision ratio of Greenstone and DSpace software in 

handling rich text data. 

 

From Table 6, it can be inferred that there was significant 

difference at P<0.05 level of significance (P=0.000). This 
implies that there was significant difference in the mean 

precision ratio of Greenstone ( =34.696, S=32.659) and 

DSpace ( =25.906, S = 26.904) in handling rich text data. 
Hence the null hypothesis is rejected. 

 

V. DISCUSSION 

The study shows that the two digital library systems 

investigated showed an unusually very high recall.  For 

instance, the mean recall and mean recall ratio for Greenstone 

software are 2.799 and 279.894 while DSpace recorded a 

mean recall and mean recall ratio of 3.397 and 339.733 

respectively. This could be attributed to a number of factors 

such as retrieval of search results which were not relevant to 
the search query by the digital library system of both software 

and/or indexing error on the part of the indexer. However, the 

mean recall and mean recall ratio of the Greenstone software 

were observed to be comparatively lower to that of DSpace 

software. In this case, it could be inferred that DSpace 

software performed better in terms of recall than Greenstone 

in handling rich text data. This finding is similar to that of 

Sampath and Prakash [15] who compared the relative recall of 

Google and Yahoo search engines. The study found out that 

Google recorded a mean relative recall of 0.62 or 62% while 
Yahoo returned a mean relative recall of 0.37 or 37%. 

On the other hand, the mean precision ratio observed for the 

two digital library systems were quite low. The digital library 

developed with Greenstone DLMS recorded a mean precision 

and mean precision ratio of 0.347 and 34.696 while the one 

developed with DSpace recorded a mean precision and mean 

precision ratio of 0.259 and 25.906 respectively. These results 

are relatively low when compared with the results of Sampath 

and Prakash [15] which recorded a mean precision of 0.80 or 

80% for Google and mean precision of 0.62 or 62% for Yahoo 

search engines respectively. 
 

VI. CONCLUSION AND RECOMMENDATIONS 

 

Both Greenstone and DSpace digital libraries had very 

high recall ratios. However, the recall of DSpace was 

higher than Greenstone in handling rich text data. The 

mean recall ratio of Greenstone and DSpace were 

statistically analysed and the result revealed that the 

difference in the mean recall ratio of both Greenstone and 

DSpace software in handling rich text data is not 

significant. Based on the findings of the study, it could be 

surmised that the recall of DSpace was higher than that of 
Greenstone in handling rich text data. The recall ratio of 

DSpace was also correspondingly higher than Greenstone 

software in handling rich text data. Therefore, the study 

concludes that DSpace has a better recall than Greenstone. 

It was also observed that the digital library system built 

with Greenstone software recorded a higher precision and 

precision ratio than the digital library system developed 

with DSpace. The study revealed that there was a 

significant difference in the mean precision ratio of the 

digital library system built with both Greenstone and 

DSpace software.  
 

Based on the findings of the study, it could be deduced 

that the precision of the digital library system created with 

Greenstone was higher than the digital library system 

built with DSpace. Therefore, the study concludes that the 

precision of the digital library built with Greenstone 

software performed better than the one developed with 

DSpace. 
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Statistically, Greenstone and DSpace are at par on recall. 

However, both digital library software had a low precision 

when compared with Yahoo and Google, but Greenstone 

had a higher precision than DSpace. The lower precision 

of DSpace means that it is unable to retrieve as many 

relevant items as Greenstone. The precision capability of 
DSpace needs to be enhanced in order to enjoy parity with 

Greenstone. Both digital library software need to improve 

on precision to enable them retrieve all relevant items in 

the collection. 

 

Consequently, it was recommended that: 

The digital library management systems should be 

redesigned to enable greater flexibility for librarians, 

repository managers, and metadata editors to index data 

items at the point of inputting the descriptive metadata.  

The system designers could add a feature that allows the 
indexer to link synonymous keywords in order to avoid 

the input of spurious index terms and improve precision. 

The digital library management system could also 

incorporate a weighting system for keywords such that 

each index term is assigned a weight in order of 

prominence or relevance at the point of data entry. This 

will help the system to retrieve data adjudged to be more 

relevant from the database. 
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Table 1: Determining the Recall of Greenstone and DSpace in Handling Rich Text Data 

Query Greenstone DSpace Query Greenstone DSpace Query Greenstone DSpace 

q1 0.142 0.082 q34 3.667 4.333 q67 12.500 10.000 

q2 0.714 0.714 q35 1.000 3.333 q68 2.000 1.000 

q3 0.643 0.500 q36 3.077 2.308 q69 1.000 1.000 

q4 1.000 21.000 q37 3.000 13.000 q70 0.909 0.788 

q5 0.500 0.563 q38 8.000 15.000 q71 4.000 2.000 

q6 0.208 0.292 q39 3.000 3.000 q72 1.250 0.750 

q7 0.462 0.923 q40 2.000 4.000 q73 0.000 0.200 

q8 0.000 0.000 q41 14.000 14.000 q74 0.250 0.417 

q9 0.125 0.250 q42 3.000 2.000 q75 0.135 0.154 

q10 0.000 1.188 q43 6.000 4.000 q76 9.000 7.000 

q11 0.667 1.167 q44 8.500 10.500 q77 2.000 4.000 

q12 0.182 0.436 q45 22.000 18.000 q78 8.000 3.000 

q13 0.000 0.000 q46 12.000 14.000 q79 0.000 2.000 

q14 1.000 1.000 q47 24.000 8.000 q80 6.333 7.333 

q15 0.000 0.000 q48 0.000 4.000 q81 2.000 11.000 

q16 0.038 0.769 q49 1.000 7.000 q82 4.000 5.000 

q17 0.714 0.786 q50 0.000 0.000 q83 11.000 4.500 

q18 0.500 2.000 q51 2.667 1.667 q84 0.476 0.714 

q19 0.600 0.600 q52 9.500 5.500 q85 1.000 1.500 

q20 1.000 1.500 q53 1.000 1.500 q86 5.000 5.000 

q21 1.000 1.000 q54 0.000 0.000 q87 0.500 10.000 

q22 1.000 3.000 q55 3.500 1.500 q88 2.000 2.000 

q23 0.500 0.500 q56 8.000 2.000 q89 4.000 14.000 

q24 1.000 1.000 q57 4.154 2.308 q90 4.000 2.000 

q25 0.978 0.644 q58 1.000 1.000 q91 0.833 0.667 

q26 0.000 3.250 q59 8.000 7.000 q92 1.000 1.000 

q27 0.375 0.375 q60 0.000 4.000 q93 0.000 3.000 

q28 0.000 0.071 q61 4.000 1.000 q94 1.000 0.417 

q29 0.667 0.833 q62 0.333 0.333 q95 1.667 1.333 

q30 0.875 0.875 q63 10.000 14.000 q96 1.000 5.000 

q31 0.133 0.133 q64 1.000 1.000 q97 0.000 2.000 

q32 0.000 5.000 q65 1.000 2.500 q98 0.556 1.000 

q33 0.235 0.235 q66 6.000 4.000 q99 0.031 0.094 

        Mean recall  2.799 3.397 

    Standard deviation S 4.349 4.407 
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N= 99 

 

 

 

 

 

 
 

 

 Figure 1: Comparison of the recall of Greenstone software and DSpace software in handling rich text data 

 

   Table 2: Comparison of the recall ratio of Greenstone and DSpace in handling rich text data 

 

Query Greenstone DSpace Query Greenstone DSpace Query Greenstone DSpace 

q1 14.155 8.219 q34 366.667 433.333 q67 1250.000 1000.000 

q2 71.429 71.429 q35 100.000 333.333 q68 200.000 100.000 

q3 64.286 50.000 q36 307.692 230.769 q69 100.000 100.000 

q4 100.000 2100.000 q37 300.000 1300.000 q70 90.909 78.788 

q5 50.000 56.250 q38 800.000 1500.000 q71 400.000 200.000 

q6 20.833 29.167 q39 300.000 300.000 q72 125.000 75.000 

q7 46.154 92.308 q40 200.000 400.000 q73 0.000 20.000 

q8 0.000 0.000 q41 1400.000 1400.000 q74 25.000 41.667 

q9 12.500 25.000 q42 300.000 200.000 q75 13.462 15.385 

q10 0.000 118.750 q43 600.000 400.000 q76 900.000 700.000 

q11 66.667 116.667 q44 850.000 1050.000 q77 200.000 400.000 

q12 18.182 43.636 q45 2200.000 1800.000 q78 800.000 300.000 

q13 0.000 0.000 q46 1200.000 1400.000 q79 0.000 200.000 

119



Vol. 12, No. 2, June 2019, pp. 109 - 130       ISSN 2006-1781 

Fasola P. Abifarin and Shaka A. Imavah (2019), Comparative Evaluation of the Effectiveness of Greenstone and DSpace Digital 
Library Software 

      
© 2019 Afr. J. Comp. & ICT – All Rights Reserved 

https://afrjcict.net    

 
 

                  

 
 

q14 100.000 100.000 q47 2400.000 800.000 q80 633.333 733.333 

q15 0.000 0.000 q48 0.000 400.000 q81 200.000 1100.000 

q16 3.846 76.923 q49 100.000 700.000 q82 400.000 500.000 

q17 71.429 78.571 q50 0.000 0.000 q83 1100.000 450.000 

q18 50.000 200.000 q51 266.667 166.667 q84 47.619 71.429 

q19 60.000 60.000 q52 950.000 550.000 q85 100.000 150.000 

q20 100.000 150.000 q53 100.000 150.000 q86 500.000 500.000 

q21 100.000 100.000 q54 0.000 0.000 q87 50.000 1000.000 

q22 100.000 300.000 q55 350.000 150.000 q88 200.000 200.000 

q23 50.000 50.000 q56 800.000 200.000 q89 400.000 1400.000 

q24 100.000 100.000 q57 415.385 230.769 q90 400.000 200.000 

q25 97.778 64.444 q58 100.000 100.000 q91 83.333 66.667 

q26 0.000 325.000 q59 800.000 700.000 q92 100.000 100.000 

q27 37.500 37.500 q60 0.000 400.000 q93 0.000 300.000 

q28 0.000 7.143 q61 400.000 100.000 q94 100.000 41.667 

q29 66.667 83.333 q62 33.333 33.333 q95 166.667 133.333 

q30 87.500 87.500 q63 1000.000 1400.000 q96 100.000 500.000 

q31 13.333 13.333 q64 100.000 100.000 q97 0.000 200.000 

q32 0.000 500.000 q65 100.000 250.000 q98 55.556 100.000 

q33 23.529 23.529 q66 600.000 400.000 q99 3.125 9.375 

        Mean Recall Ratio  279.894 339.733 

    Standard Deviation S 434.993 440.711 
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Figure 2: Comparison of the recall ratio of Greenstone and DSpace in handling rich text data 

 

 

 

Table 3: Determining the precision of Greenstone and DSpace in handling rich text data 

Query Greenstone DSpace Query Greenstone DSpace Query Greenstone DSpace 

q1 0.378 0.161 q34 0.136 0.116 q67 0.294 0.179 

q2 0.870 0.870 q35 0.037 0.089 q68 0.111 0.022 

q3 0.643 0.292 q36 0.541 0.268 q69 1.000 1.000 

q4 1.000 0.389 q37 0.042 0.116 q70 0.405 0.232 

q5 0.727 0.692 q38 1.000 0.833 q71 0.053 0.018 

q6 0.313 0.080 q39 0.040 0.027 q72 0.357 0.150 

q7 0.500 0.480 q40 0.039 0.037 q73 0.000 0.033 

q8 0.000 0.000 q41 0.368 0.264 q74 0.036 0.045 

q9 1.000 0.073 q42 0.107 0.020 q75 0.091 0.095 

q10 0.000 0.345 q43 0.080 0.036 q76 0.383 0.222 

q11 0.667 0.156 q44 0.436 0.368 q77 0.104 0.143 

q12 0.250 0.214 q45 0.537 0.346 q78 0.471 0.120 

q13 0.000 0.000 q46 0.375 0.311 q79 0.000 0.020 

q14 1.000 1.000 q47 0.600 0.073 q80 0.244 0.196 

q15 0.000 0.000 q48 0.000 0.111 q81 0.154 0.550 

q16 1.000 0.455 q49 0.250 0.119 q82 0.049 0.045 
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q17 0.769 0.611 q50 0.000 0.000 q83 0.537 0.080 

q18 0.500 0.444 q51 0.119 0.045 q84 0.122 0.134 

q19 0.750 0.250 q52 0.226 0.098 q85 0.125 0.067 

q20 0.667 0.316 q53 1.000 0.429 q86 0.278 0.068 

q21 1.000 1.000 q54 0.278 0.455 q87 0.125 0.597 

q22 1.000 1.000 q55 0.092 0.027 q88 0.027 0.018 

q23 0.400 0.200 q56 0.800 0.667 q89 0.222 0.304 

q24 1.000 1.000 q57 0.730 0.268 q90 0.167 0.050 

q25 0.978 0.604 q58 0.667 0.667 q91 0.333 0.138 

q26 0.000 0.650 q59 0.098 0.063 q92 0.333 0.050 

q27 0.600 0.429 q60 0.000 0.286 q93 0.000 0.027 

q28 0.000 0.056 q61 0.286 0.025 q94 0.133 0.045 

q29 0.211 0.167 q62 0.333 0.250 q95 0.089 0.056 

q30 0.875 0.125 q63 0.400 0.438 q96 0.250 0.714 

q31 0.222 0.222 q64 0.033 0.028 q97 0.000 0.018 

q32 0.000 0.333 q65 0.222 0.125 q98 0.133 0.212 

q33 0.235 0.190 q66 0.231 0.108 q99 0.067 0.083 

    
Mean Precision  0.347 0.259 

    Standard Deviation S 0.327 0.269 

 

 

 

 
 

 Figure 3: Comparison of the precision of Greenstone software and DSpace software in handling rich text data 
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Table 4: Comparison of the precision ratio of Greenstone and DSpace in handling rich text data 

 

 

Query Greenstone DSpace Query Greenstone DSpace Query Greenstone DSpace 

q1 37.805 16.071 q34 13.580 11.607 q67 29.412 17.857 

q2 86.957 86.957 q35 3.704 8.929 q68 11.111 2.222 

q3 64.286 29.167 q36 54.054 26.786 q69 100.000 100.000 

q4 100.000 38.889 q37 4.225 11.607 q70 40.541 23.214 

q5 72.727 69.231 q38 100.000 83.333 q71 5.333 1.786 

q6 31.250 8.046 q39 4.000 2.679 q72 35.714 15.000 

q7 50.000 48.000 q40 3.922 3.738 q73 0.000 3.333 

q8 0.000 0.000 q41 36.842 26.415 q74 3.571 4.464 

q9 100.000 7.273 q42 10.714 2.020 q75 9.091 9.524 

q10 0.000 34.545 q43 8.000 3.571 q76 38.298 22.222 

q11 66.667 15.556 q44 43.590 36.842 q77 10.390 14.286 

q12 25.000 21.429 q45 53.659 34.615 q78 47.059 12.000 

q13 0.000 0.000 q46 37.500 31.111 q79 0.000 2.041 

q14 100.000 100.000 q47 60.000 7.339 q80 24.359 19.643 

q15 0.000 0.000 q48 0.000 11.111 q81 15.385 55.000 

q16 100.000 45.455 q49 25.000 11.864 q82 4.878 4.464 

q17 76.923 61.111 q50 0.000 0.000 q83 53.659 8.036 

q18 50.000 44.444 q51 11.940 4.464 q84 12.195 13.393 

q19 75.000 25.000 q52 22.619 9.821 q85 12.500 6.667 

q20 66.667 31.579 q53 100.000 42.857 q86 27.778 6.849 

q21 100.000 100.000 q54 27.778 45.455 q87 12.500 59.701 

q22 100.000 100.000 q55 9.211 2.679 q88 2.667 1.786 

q23 40.000 20.000 q56 80.000 66.667 q89 22.222 30.435 

q24 100.000 100.000 q57 72.973 26.786 q90 16.667 5.000 

q25 97.778 60.417 q58 66.667 66.667 q91 33.333 13.793 

q26 0.000 65.000 q59 9.756 6.250 q92 33.333 5.000 

q27 60.000 42.857 q60 0.000 28.571 q93 0.000 2.679 

q28 0.000 5.556 q61 28.571 2.500 q94 13.333 4.464 

q29 21.053 16.667 q62 33.333 25.000 q95 8.929 5.634 

q30 87.500 12.500 q63 40.000 43.750 q96 25.000 71.429 

q31 22.222 22.222 q64 3.333 2.778 q97 0.000 1.786 

q32 0.000 33.333 q65 22.222 12.500 q98 13.333 21.176 

q33 23.529 19.048 q66 23.077 10.811 q99 6.667 8.333 
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        Mean Precision Ratio  34.696 25.906 

    Standard Deviation S 32.659 26.904 

N= 99 

 

 

 
 

 

Figure 4: Comparison of the precision ratio of Greenstone software and DSpace software in handling rich text data 

 

 

 

Table 5: t-test comparison of mean recall ratio of Greenstone and DSpace software in handling rich text data 

Variables   N Df 

Mean 

( ) 

SD 

 (S) 

t-value 

cal. 

t-value 

critical 

Sig. (two 

tail) 

         Greenstone 

 

99 

 

279.89 434.993 

   

   

98 

  

-1.568 1.985ns .120 

DSpace   99   339.73 440.711       
nsNot significant at 0.05 level 
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Table 6: t-test comparison of mean precision ratio of Greenstone and DSpace software in handling rich text data 

Variables   N Df Mean ( ) 

SD  

(S) 

t-value 

cal. t-value critical Sig. (two tail) 

         Greenstone 99 

 

34.696 32.659 

   

   

98 

  

3.6506 1.985* .0000 

DSpace   99   25.906 26.904       

*Significant at 0.05 level 
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SCREENSHOTS OF EXCEL DATA 

 

 

 

126



Vol. 12, No. 2, June 2019, pp. 109 - 130       ISSN 2006-1781 

Fasola P. Abifarin and Shaka A. Imavah (2019), Comparative Evaluation of the Effectiveness of Greenstone and DSpace Digital 
Library Software 

      
© 2019 Afr. J. Comp. & ICT – All Rights Reserved 

https://afrjcict.net    

 
 

                  

 
 

 

 

127



Vol. 12, No. 2, June 2019, pp. 109 - 130       ISSN 2006-1781 

Fasola P. Abifarin and Shaka A. Imavah (2019), Comparative Evaluation of the Effectiveness of Greenstone and DSpace Digital 
Library Software 

      
© 2019 Afr. J. Comp. & ICT – All Rights Reserved 

https://afrjcict.net    

 
 

                  

 
 

 

 

128



Vol. 12, No. 2, June 2019, pp. 109 - 130       ISSN 2006-1781 

Fasola P. Abifarin and Shaka A. Imavah (2019), Comparative Evaluation of the Effectiveness of Greenstone and DSpace Digital 
Library Software 

      
© 2019 Afr. J. Comp. & ICT – All Rights Reserved 

https://afrjcict.net    

 
 

                  

 
 

 

 
 

129



Vol. 12, No. 2, June 2019, pp. 109 - 130       ISSN 2006-1781 

Fasola P. Abifarin and Shaka A. Imavah (2019), Comparative Evaluation of the Effectiveness of Greenstone and DSpace Digital 
Library Software 

      
© 2019 Afr. J. Comp. & ICT – All Rights Reserved 

https://afrjcict.net    

 
 

                  

 
 

 
 

 

 

 

130


