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Editorial

The Journal of Arts, Science and Technology (JAST), has partnered with the Faculty of Science and Sport to publish a Special Issue for the Faculty’s first annual
Scientific Conference in 2011. The theme of the Conference was, “Science,
Technology and Sport: Bridging the Gap between Research and Practice”, and
was a direct product of the Faculty’s vision: “To be an internationally renowned
centre of excellence for the development of Science, Technology and Sport,
incorporating teaching, research and service to the community”.
Papers are published from each of the Conference’s seven sessions:
1.
2.
3.
4.
5.
6.
7.

Sport Science
Practical Biology
Industrial Applications
Mathematics and Statistics in the Rural World
The Art and Science of Teaching: Case Studies from Jamaica
Information Technology Use in Education
The Science of our Environment

The first paper, “Exercise-induced arterial hypoxaemia: A review”, by Gail
Nelson, examines the phenomenon of exercise-induced arterial hypoxaemia
(EIAH) as seen in so-called extreme athletes. The paper highlights that over the
past two decades, there has been a resurgence of interest in the phenomenon
whereby there is less-than-perfect gas exchange during exercise in the healthy.
In the next paper, “The potential of forensic entomology to aid legal investigations in Jamaica”, Paul Ivey aims to contribute to the building of awareness
Vol 5, Special Issue No. 1, 2012
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of the contribution of forensic entomology in medico-legal investigations. The
paper focuses on the two main ways of using insects to determine elapsed time
since death: (1) studying the successional waves of insects inhabiting corpses,
and (2) ascertaining the age and developmental stage of fly larvae present on or
proximate to corpses.
The paper published from Session 3 – Industrial Applications, “An industrial
overview and applications of systems integration and automation in science and
engineering”, by Abdul H. Islam, explores the challenges that hardware and
software components that serve different purposes face when needed to work
cooperatively to produce measurements and automation results from which
values can be obtained almost instantaneously. The paper focuses on how
off-the-shelf tools used for systems automation, along with development best
practices can be leveraged to effectively obtain results in a research project.
In examining mathematics and statistics in the real world, the fourth paper,
“Addressing data gaps in national statistics: Inclusion of cultural diversity variables”, Dorothy Akindele highlights that there is a paucity of research that is
based on national health or other large datasets which focuses on cultural diversity and cross-classifies country of birth with other health or socio-economic
data items. Akindele therefore argues that the inclusion of ethnicity variables
in national datasets may encourage studies that explore health differences
between immigrant groups and the general population.
In exploring the art and science of teaching, two papers examined student
performance and achievements in specific modules at the University of Technology, Jamaica. Damian Nesbeth, in “Comparison of science and education
students’ performance in CSEC and Foundation Biology at the University of
Technology, Jamaica”, investigates the relationship between students’ CSEC
subjects and performance in a first year module, Foundation Biology. In, “An
investigation into the factors that influence students’ achievement in undergraduate statistics modules at the University of Technology, Jamaica”, Olusegun
Afis Ismail examines students’ achievements in an undergraduate statistics module. The study aims to identify the underlying factors that influence students’
achievement in these statistics modules.
The use of information technology in education was explored in the paper,
“Supporting computer science education using web 2.0 and social software:
viii
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Students’ and lecturers’ usage and perception”, by Kemuel Gaffar. Gaffar of
the University of Guyana examines students’ and lecturers’ perception of the
use of Facebook and Social Networking Technologies in general to support
teaching and learning. The feedback he received from students and lecturers
indicates that the use of social networking technologies to support teaching and
learning is potentially promising and deserves further exploration.
The Special Issue closes with the environmental paper, “Mangroves in
Guyana: Status and a means of living”, by Philip da Silva, which explains that
the renewed interest in managing Guyana’s mangroves has led to an overall
improvement in the planning and organization of efforts regarding research
and management of Guyana’s mangroves. There is also increased vigilance to
promote the results of such research as a means of informing policy decisions
especially in the light of climate change and the promotion of a low-carbon
Development Strategy.
JAST is a multi-disciplinary, peer-reviewed journal that welcomes to be considered for publication original research work in any of the disciplines covered
by the University of Technology, Jamaica, and particularly work applicable to
Jamaica and the Caribbean. Special issues serve as a publication source for
papers presented at conferences and forums.
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Exercise-Induced Arterial
Hypoxaemia
A Review
GAIL NELSON*
School of Physical Therapy, The University of the West Indies

Abstract
Exercise-associated oxygen desaturation was first noted in the early twentieth century,
however, these reports were dismissed by physiologists in as “abnormal physiology”.
Over the past three decades, there has been a resurgence of interest in the phenomenon
whereby there is less-than-perfect gas exchange during exercise at near-maximal
intensity in some healthy endurance-trained athletes. This has led to an increased
focus on exercise-induced arterial hypoxaemia and exercise capacity in endurancetrained athletes. This review aims to proffer a definition of exercise-induced arterial
hypoxaemia from the literature and discuss some of the proposed mechanisms thought
to be responsible for the phenomenon.

Introduction
“There are few stresses to which the body is exposed thatapproach the extreme
stresses of heavy exercise.” (Hall, 2011)

The truth of this quotation becomes most apparent as one examines the phenomenon of exercise-induced arterial hypoxaemia (EIAH) as seen in so-called
extreme athletes (Prefaut et al 2000). The term “extreme athletes” was coined
Corresponding author: *Gail Nelson; email: gail.nelson02@uwimona.edu.jm
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by Prefaut and colleagues (as cited in Prefaut, Durand, Mucci and Caillaud,
2000) to “describe endurance-trained athletes who train at an extremely high
intensity level and are able to exceed the limit of the cardiovascular system in
such a way that unusual failure of the respiratory system appears” (Prefaut et al
2000). The respiratory system has not classically been considered a critical limitation to maximal oxygen uptake (VO2max) during exercise (Hale 2003). More
than half a century ago Lilienthal (as cited in Nielsen 2003) had reported a
decrease in the arterial partial pressure of oxygen with exercise, and Harrop in
1919 (as cited in Nielsen 2003) reported exercise-associated oxygen desaturation. However, in 1958 Mitchell and colleagues (as cited in Nielsen 2003)
dismissed these reports as “abnormal physiology”. Over the past two decades,
there has been a resurgence of interest in the phenomenon whereby there is
less-than-perfect gas exchange during exercise in the healthy lung (Bassett and
Howley 2000, Nielsen 2003). This has led to an increased focus on EIAH and
the lungs as limiting factors in VO2max and exercise capacity in elite endurancetrained athletes (Hale 2003, Nielsen 2003). This paper aims to proffer a
definition of EIAH from the literature and examine some of the proposed
mechanisms thought to be responsible for the phenomenon. A review of the
literature showed that research in this area has only been on small sample populations with the majority of athletes being from cycling (Nielsen 2003). This
may limit the generisability of the findings discussed.

Exercise-induced Arterial Hypoxaemia Defined
It is now commonly accepted by physiologists that the elite endurance athlete
is the exception to the general rule that ventilatory adjustment to high-intensity
exercise results in a decrease in alveolar carbon dioxide partial pressure (PACO2)
with an increase in PaO2 (McArdle, Katch, Katch 1994). The elite endurance
(or extreme) athlete is considered to have such highly adapted cardiovascular
and musculoskeletal systems, so that at maximal exercise intensities the pulmonary system becomes the limiting factor (McArdle et al 1994). EIAH occurs
at near VO2max (80–100% VO2max) in approximately 40–50 % of elite
endurance athletes (Wilmore and Costill 2004).
2
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Exercise-induced arterial hypoxaemia (EIAH) is defined as a decrease in arterial oxygen partial pressure (PaO2) by more than 1kPa and/or a decrease in
haemoglobin saturation with oxygen (SaO2) below 95% (Dempsey and Wagner
1999, Nielsen 2003, Prefaut et al 2000). In their review of EIAH, Prefaut et al
(2000) suggest a refinement of this definition to consider the athlete’s baseline
values, a rise in body temperature during exercise and the variability in measurement of PaO2 in the literature. They suggest a minimal and persistent drop
of 10mmHg in the PaO2 accompanied by a decrease in SaO2 below 90% or a
minimum of 4% decrease from baseline. Dempsey and Wagner (1999) classified the severity of EIAH in terms of SaO2 as follows: mild 93–95%, moderate
88–93%, severe <88%. Along with these changes the athlete with EIAH also
presents with a gradually widening alveolar-arterial PO2 difference [(A – a)DO2]
of magnitude 35–50mmHg as exercise approaches VO2max (Eldridge, Dempsey,
Haverkamp, Lovering and Hokanson 2004, Nielsen 2003, Dempsey and
Wagner 1999).

Proposed Mechanisms of EIAH
Powers et al (1989) designed a study to show that limitations in gas exchange
can restrict VO2max in extreme athletes with EIAH. The study aimed to prevent
O2 desaturation so that the effect on VO2max could be monitored. Powers and
colleagues divided twenty male cyclists into 2 groups – Trained (n = 13) and
Highly Trained (n = 7). Subjects were exposed to maximal cycle ergometer tests
at 21% O2 (sea level) and at increased FiO2 of 26% while VO2max and SaO2
were monitored. In the trained group, SaO2 and end-tidal PO2 were significantly increased at a FiO2 of 26%, but there was no effect on heart rate or
VO2max. In contrast, the group of highly trained athletes had VO2max negatively correlating to SaO2 at 21% O2, and increasing FiO2 to 26% resulted in
a significant increase in SaO2 and VO2max. Powers and colleagues (1989) made
three inferences from these findings:
1.

arterial O2 content is a limitation to VO2max (and by extension, exercise
capacity) in the extreme athlete
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arterial desaturation poses a significant limitation of oxygen transport in
maximal exercise
gas exchange becomes more of a limiting factor as VO2max increases.

Three points have been identified in the O2 transport chain at which a reduction
in PaO2 and SaO2 can occur during exercise (Nielsen 2003):
•

inadequate increase in alveolar PO2 (PAO2)

•

diffusion limitation

•

possible arterio-venous shunt and/or ventilation/perfusion mismatch

Inadequate increase in PAO2 is also (more usefully) termed insufficient alveolar
ventilation (Dempsey and Wagner 1999) or relative hypoventilation (Prefaut
et al 2000). In exercise at submaximal levels (up to 80% VO2max) the increase
in ventilation, VO2, and alveolar CO2 is linear (West 2005). The mechanism
whereby the increase in ventilation occurs is largely unknown (West 2005), but
various stimuli have been proposed: pH, arterial O2 content, catecholamines,
neural feedforward and feedback (Dempsey and Wagner 1999). This normal
response to exercise maintains PCO2 at slightly lower than or normal levels and
increases PAO2 (and hence PaO2 and SaO2) to meet the demands of exercising
muscles (West 2005). However studies have shown that in extreme athletes
higher levels of PaCO2 exist than is found in untrained persons (Prefaut et al
2000). Therefore, given that there is even more of a hyperventilatory stimulus
in extreme athletes, there is no explanation for “insufficient alveolar ventilation”
to account for EIAH.
Durand et al (2000) tested twenty-two endurance-trained athletes at maximal
exercise levels and divided them in two equal groups of athletes who developed
EIAH and those who did not develop EIAH (nEIAH). Durand and colleagues
found that while both groups had the same decrease in PaO2 at submaximal
levels, only the EIAH group had a significant increase in the (A – a)DO2 at
maximal exercise. They also found that the EIAH group had a significantly
greater training volume per week than the nEIAH group. These findings led
Durand et al (2000) to suggest:
• Endurance-trained athletes have an inadequate hypoventilatory response
(as defined by the decreasing PaO2) at submaximal levels, which is thought
4
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to be due to a training effect in these athletes – that is, extreme athletes have
a decreased tendency to develop lactic acidosis and consequently the threshold for increased ventilation in response to decreased blood pH is higher.
•

Another phenomenon is responsible for the subsequent development of
EIAH since not all extreme athletes with a decreased PaO2 went on to
develop EIAH.

Diffusion limitation at maximal exercise levels is thought to contribute to
EIAH (Dempsey and Wagner 1999, Prefaut et al 2000). The development of
pulmonary interstitial oedema at maximal exercise resulting from excessively
high pulmonary vascular pressures (West 1998) has been posited as one of the
underlying causes of diffusion limitation (Wetter, Xiang, Sonnetti et al 2002,
Prefaut et al 2000). The mechanism by which oedema develops in maximal
exercise is thought to be due to:
1. increased pulmonary trans-capillary movement (resulting from increased
pulmonary vascular pressures) leading to interstitial fluid accumulation
(Prefaut et al 2000).
2. injury of the alveolar epithelial barrier [stress failure (West et al as cited
in Prefaut et al 2000)] leading to inflammation and increased pulmonary
vascular permeability.
High airflow rates associated with intense exercise, repetitive hyperventilation
and excessive mouth-breathing (of non-humidified air) have been suggested to
contribute to shear and/or mechanical stress to the airways (Wetter et al 2002).
Obviously the presence of increased fluid in alveolar spaces will increase the
distance for diffusion which potentially results in incomplete pulmonary gas
exchange.
However, research is conflicting in this area as studies have also shown that
administration of anti-inflammatory agents do not attenuate EIAH (Wetter et
al 2002) and the increase in histamine levels (an inflammatory marker) at
maximal exercise is not enough to account for an inflammatory process being
the cause of EIAH (Mucci, Durand, Lebel, Bousquet and Prefaut 2001). Also,
evidence of pulmonary capillary stress failure has only been studied in thoroughbred horses, while evidence of pulmonary oedema in humans is limited
(Prefaut et al 2000).
Vol 5, Special Issue No. 1, 2012
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Another suggested impediment to alveolar-capillary diffusion is decreased
pulmonary capillary blood cell transit time (Nielsen 2003, Prefaut et al 2000,
Hale 2003). This is based on the premise that increased cardiac output in
response to exercise results in an increased blood flow through the pulmonary
capillary bed and reduce the time for gas exchange to be completed (Hale 2003).
Consequently deoxygenated blood enters the arterial circulation and results in
a drastic drop in PaO2.
Arterio-venous shunting also arises as a result of increased bloodflow during
exercise to areas not well ventilated (West 2005, Eldridge et al 2004). This
seems to be a protective mechanism against the high pulmonary vascular pressures by maintaining low regional pulmonary vascular resistance (Eldridge et
al 2004). Again, this would give rise to a widening (A – a)DO2 as blood that
fails to become deoxygenated re-enters the systemic circulation.
For the extreme athlete, the consequences of EIAH are obviously related to
a lack of oxygen for exercising muscles and the brain. Muscle de-oxygenation
is more marked in EIAH athletes at VO2max than in non-EIAH athletes
(Legrand, Ahmaida, Moalla et al 2005). Legrand and colleagues (2005) used
near infrared spectroscopy to monitor muscle oxygenation levels. They also
found that the EIAH group of athletes had achieved similar VO2max as the nonEIAH group even with higher muscle de-oxygenation levels. This suggests that
there may be some structural adaptation in extreme athletes that allows for
undiminished exercise capacity even with marked muscle de-oxygenation. More
research is needed, perhaps on a cellular level, in these athletes to confirm this.

Research Directions
Much more research is needed to determine the causes of EIAH and mechanisms whereby they exert their effects. Many confounders also exist in studies
already done, chief among them being the use of ear-lobe pulse oximetry to
measure arterial SO2, and PaO2 indirectly. The values obtained for SaO2 may
well over-estimate the actual PaO2 given the shape of the non-linear portion of
the oxyhaemoglobin dissociation curve. With the advent of better technology
future research should yield more accurate results.
6
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The selective occurrence of EIAH within the population of highly-trained
endurance athletes is reason for further investigation comparing EIAH athletes
with their non-EIAH counterparts. A wider cross-section of highly-trained
endurance athletes (that is, from different sports and ethnicities) should also be
researched under similar conditions. To date, no research has been conducted
amongst Jamaican endurance-trained athletes. Research findings may provide
valuable information which could assist us in training more endurance athletes
for success rivaling their sprinting counterparts.

References
Bassett DR, Howley ET (2000): Limiting factors for maximum oxygen uptake and
determinants of endurance performance. Medicine & Science in Sports & Exercise 32:
70–84.
Dempsey JA, Wagner PD (1999): Exercise-induced arterial hypoxaemia. Journal of
Applied Physiology 87: 1997–2006.
Durand F, Mucci P, Prefaut C (2000): Evidence for an inadequate hyperventilation
inducing arterial hypoxaemia at submaximal exercise in all highly trained endurance
athletes. Medicine & Science in Sports & Exercise 32:926–932.
Eldridge MW, Dempsey JA, Haverkamp HC, Lovering AT, Hokanson JS (2004):
Exercise-induced intra-pulmonary arteriovenous shunting in healthy humans.
Journal of Applied Physiology 97:797–805.
Hall JE (2011): Guyton and Hall: Textbook of Medical Physiology. Philadelphia:
Saunders Elsevier Inc.
Hale T (2003): Exercise physiology – a thematic approach. Wiley Sport Text Series. Wiley
pp 261–266.
Legrand R, Ahmaidi S, Moalla W, Chocquet D, Marles A, Prieur F, Mucci P (2005):
O2 Arterial desaturation in endurance athletes increases muscle deoxygenation.
Medicine & Science in Sports & Exercise 37: 782–788.
McArdle WD, Katch VL, Katch FI (1994): Essentials of Exercise Physiology. Lea &
Febiger pp 231–232.
Mucci P, Durand F, Lebel B, Bousquet J, Prefaut C (2001): Basophils and exerciseinduced hypoxaemia in extreme athletes. Journal of Applied Physiology 90: 989–996
Prefaut C, Durand F, Mucci P, Caillaud C (2000): Exercise-induced arterial hypoxaemia in athletes – a review. Sports Medicine 30: 47–61.

Vol 5, Special Issue No. 1, 2012

7

JOURNAL

OF

A RTS S C IEN C E

AND

TECHNOLOGY

Powers SK, Lawler J, Dempsey JA, Dodd S, Landry G (1989): Effects of incomplete
pulmonary gas exchange on VO2max . Journal of Applied Physiology 66:2491–2495.
Nielsen HB (2003): Review-Arterial desaturation during exercise in man: implication
for O2 uptake and work capacity. Scandinavian Journal of Medicine, Science & Sports
13:339–358.
West JB (2005): Respiratory Physiology – the Essentials 7th ed. Lippincott, Williams &
Wilkins.
West JB (1998): Pulmonary Pathophysiology: the essentials 5th ed. Lippincott Williams &
Wilkins.
Wetter TJ, Xiang Z, Sonetti D, Haverkamp H, Rice A, Abbasi A, Meyer K, Dempsey
JA (2002): Role of inflammatory mediators as a cause of exercise-induced arterial
hypoxaemia in young athletes. Journal of Applied Physiology 93: 116–126.
Wilmore J, Costill D (2004): Physiology of Sport and Exercise. Champaign, Illinois:
Leeds: Human Kinetics.

8

Vol 5, Special Issue No. 1, 2012

T HE J OURNAL

OF

A RTS S CIENCE

AND

T ECHNOLOGY

The Potential of Forensic
Entomology to Aid Legal
Investigations in Jamaica
PAUL W. IVEY*
School of Graduate Studies, Research & Entrepreneurship, University of Technology, Jamaica

Abstract
Forensic Entomology involves using insects and their arthropod relatives that inhabit
decomposing remains to aid legal investigations. The broad field of forensic entomology is sub-divided into three main areas: medico-legal, urban, and stored product
pests. The medico-legal aspect, which is discussed in this brief paper, is about studying
the population dynamics of necrophagous (i.e., carrion-feeding) arthropods that typically infest corpses to determine elapsed time since death. There are two main
methods of using arthropod fauna to determine elapsed time since death: (i) studying
the successional waves of arthropod species inhabiting corpses, and (ii) ascertaining
the age and developmental stage of arthropod larvae present on or in proximity to
corpses. Most cases of sudden or suspicious deaths that involve a forensic entomologist
are at least 72 hours or more old, because up to this time, other forensic methods are
equally or more accurate than arthropodic evidence. However, after three days, this
evidence is often the most accurate and in some cases the only method of determining
elapsed time since death. This paper provides information on the two methods of
using arthropodic evidence to determine elapsed time since death, and aims to contribute to the building of awareness of the potential contribution forensic entomology
can make to an increased “cleared up rate” (arrest and charging of a suspect) by the
Jamaican Constabulary Force for homicides.
Key words: Forensic Entomology, Post-mortem interval, necrophagous arthropods
Corresponding author: *Paul W. Ivey; email:
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Crime is a big problem in Jamaica. It has been identified as a major inhibitor
of development and has stymied growth by five to seven per cent, making it
the single largest impediment to boosting the economy (Word Bank, 2007).
Concerns about crime have long dominated local opinion polls when people
were asked about the most pressing problem facing the country. Those concerns
reached a high of 74 per cent of Jamaicans who saw this as the country’s major
problem (Anonymous, 2008; Henry, 2011).
Criminologists classify major crimes as murder, shooting, rape, carnal abuse,
robbery, break-in, and larceny, with murder regarded as key crime indicator.
With respect to murder, Jamaica ranks number three of 62 countries in murders
per capita, being topped only by Russia [#1] and Colombia [#2] (Harrendorf
et al., 2010). A total of 1,682 murders were reported in 2009 compared with
1,428 in 2010. For 2011 year-to-date, compared with 2010, a 42% reduction
in murders has been recorded (Anonymous, 2011). By way of historical comparison, in 1971, 152 murders were reported in Jamaica. Despite the encouraging trend of a reduction in the number of murders, a statistic that remains of
concern is the “cleared up rate” for homicides by the Jamaica Constabulary
Force (JCF), which is 27% (Wignall, 2011). Because of the high number of
homicides and the low “cleared up rate” by the JCF, it is being argued in this
paper that Forensic Entomology has the potential to contribute to an increased
“cleared up rate” for homicides by the JCF.
Forensic Entomology is the collection of arthropodic evidence and its use in
estimating the elapsed time since death (under suspicious circumstances within
the context of this paper). It is based on the application of knowledge about
the life cycles and behaviours of necrophagous insects (feeding on corpses or
carrion) and other arthropods, and can provide valuable information for the
various actors in legal proceedings arising from cases of suspicious death: Crime
Scene Investigator, Medical Examiner, Prosecutor, Defense Counsel, Judge,
and Jury. Indeed, a Forensic Entomologist may be a valuable Expert Witness
in such cases (Benecke, 2001; Catts and Haskell, 2005; Gennard, 2007). It is
important to note that the prerogative to admit arthropodic evidence rests with
the Court.
Insects feed on human remains after death. In pure ecological terms, corpses
are just sources of food or egg-laying sites for necrophagous or carrion-feeding
10
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insects. It is well to remember that, in nature, three of the key activities organisms do are: (i) get food (ii) prevent themselves from becoming food, and (iii)
perpetuate their species.
Insects are used in two main ways to determine elapsed time since death (the
Post-mortem Interval [PMI]): (i) studying the succession waves of insect species
assemblage inhabiting corpses as decomposition progresses, and (ii) ascertaining
the age and developmental stage of insect larvae present on or proximate to
corpses. It is important to note that the PMI does not determine the time of
death; that is the responsibility of the Medical Examiner (Goff, 1993; Benecke,
2001).
The successional waves in which insects arrive and depart a corpse are determined by many factors, including olfactory stimuli, among other. Concerning
olfactory stimuli, whenever a body expires, odours attract insects; it has been
reported that Blow Flies (Calliphoridae) are able to detect an expired corpse
from a distance of 16km. Specifically, the decomposition enzyme putricine,
sulphur, and methane compounds provide olfactory stimulation for necrophagous insects (Gennard, 2007; Kreitlow, 2010).
Most cases of sudden or suspicious deaths that require the skills of a Forensic
Entomologist are 72 hours or more post-mortem because, up to 72 hours other
forensic methods are equally or more accurate than arthropodic evidence. After
three days, however, arthropodic evidence is often the most accurate and in
many cases the only way of determining the PMI; it is accurate to a day or less,
or a range of days (Gennard, 2007).
The most forensically important insects and related arthropods are: (i) Flies
(Order: Diptera) (ii) Beetles (Order: Coleoptera) (iii) Mites (Order: Acari), and
(iv) Moths (Order: Lepidoptera). Blowflies (Family Calliphoridae) and flesh
flies (Family Sarcophagidae) are flesh feeders and are the first arrivals on corpses.
Flies can arrive within minutes or up to a couple hours after death. In many
cases flies arrive before the completion of a crime and are silent witnesses. Beetles, Mites & Moths succeed the flies and each other (Gennard, 2007; Kreitlow,
2010).
Given the high incidence of homicides in Jamaica and the potential of Forensic Entomology to contribute to an increased “cleared up rate” by the JCF of
those in which a determination of the post-mortem interval is important, is it
Vol 5, Special Issue No. 1, 2012
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recommended that a training programme in Forensic Entomology be instituted
for relevant actors in the Jamaican law enforcement establishment.
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Applications of Systems
Integration and Automation in
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Abstract
Hardware and software components that serve different purposes often need to work
cooperatively to produce measurements and automation results that we can obtain
value from almost instantaneously. Many of these components don’t speak the same
language and often times what is needed is real time data acquisition and analysis
from the various components. This has been a challenge historically. With the advent
of modern data acquisition and measurement tools, the automation necessary to
bridge the hardware and software divide with regard to data collection exist and
can be used to perform analytics and present meaningful results. Whether it is for
analyzing PCBs (Printed Circuit Boards) or for modeling reliability of systems, the
possibilities for automation are endless.
Discussed are real world examples of systems automation, using off-the-shelf tools
available today. Examples are drawn from projects ranging from processor measurements to material processing of wafers, and more recently from the simulation of
high performance computing (HPC) system environments. These tools along with
development best practices can be leveraged to quickly and effectively obtain valuable
results.
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Introduction
Systems integration and automation is becoming ever more important. Its application to science and engineering continues to have a large impact in both academia and industry. This paper presents an overview of systems integration and
automation, real world examples (pertaining to microfabrication, material characterization, and high performance computing systems simulation), and how
to effectively leverage existing technologies and tools.
Systems integration and automation has been around for some time now.
Over the last century it has helped advance industries such as aerospace, automotive, pharmaceuticals, academic, and industrial research to name a few. It is
often applied to control systems seen all around us (e.g. motors, drives, and
embedded systems such as the iPhone).
Today’s interconnected world requires different sensors, handheld devices,
computers and people to work co-operatively. Without systems integration and
automation it would not be possible. Many devices contain instrumentation
that can talk to one another through common communication channels. They
can go on autopilot by controlling and automating well-defined processes.
Additionally, they can perform activities on scheduled bases. These activities
can be performed on time and with high precision and reliability.

Microfabrication (Ion Beam) Example
The first example comes from microfabrication, a technology that is used to
manufacture silicon wafers for integrated circuits and other microelectronic
devices using techniques such as photolithography and ion beam etching (IBE).
Ion beam etching is a highly repeatable and stable process where the flexibility
in the control of the ion beam source results in a highly optimized process. The
ion beam can uniformly etch any material, including nonvolatile materials and
multilayer stacks. The etch depth of the IBE process can be precisely controlled,
ranging from angstroms to microns.
Figure 1, demonstrates the main components used for controlling the IBE
system used (the radio frequency ion source controller, the vacuum gauge con14
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Figure 1: Ion Beam Etching System

troller, and the gas flow controller). The laptop shown in the figure utilizes
LabVIEW (a Nation Instruments visual programming tool for automating data
acquisition, instrument control and a variety of industrial automations) and
demonstrates a LabVIEW application that helps manage and utilize the control
systems into a single process for controlling the etching of the material placed
in the vacuumed condition chamber. The application also helps maintain a log
of the IBE system run along with the parameters used for the etching process.
Example parameters include the initial gas values, duration of beam on/off time
and total etching process time. Prior to the application, the IBE system user
(e.g. material processing engineer) needed to perform manual configuration,
processing, monitoring, and logging of the usage of IBE system.
In Figure 2, a closer look at the IBE system application is shown. The key
concept for creating the application to automate the IBE system usage process
is achieved by initially identifying the logical sequence of tasks of the control
system and the required user parameters for each task. For example, the gas
flow values are first needed for initializing the vacuum chamber before turning
Vol 5, Special Issue No. 1, 2012
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Figure 2: Ion Beam Etching System Application

on the ion source at a desired level for etching. Using communication methods
such as IEEE 488 (GPIB) and RS232 the application is able to communicate
and control each of the control systems. It’s worth noting that more recent
communication methods can be found in newer control systems today such as
IEEE 1394 (FireWire), universal serial bus (USB) and Ethernet.
The design time logical flow of data (left to right) for the IBE system LabVIEW application is shown in Figure 3. LabVIEW is a data flow programming
language and the data used (e.g. within looping structures) propagates for execution as soon as the input data becomes available, utilizing the built in LabVIEW parallel execution scheduler. The application is later compiled into
machine code and used as a standalone application that runs on a system with
the LabVIEW run time engine, which runs across multiple platforms. The
process is similar to C compiled programs.
16
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Figure 3: Ion Beam Etching System Application Design

Ultimately, there are several benefits reaped from having an automated IBE
system application. For instance, it allows extending the life of a system costly
to replace. It helps reduce the cost and engineer hours to run the system. This
is often well phrased as it allowed engineers to focus on more critical tasks. It
enhances the data logging process and removes the need of log binders. Additionally, it improves usability of the system and results in almost immediate
increase in the usage of the IBE system.

Material Characterization (Paste Evolution) Example
The second example comes from material characterization. More specifically,
it is drawn from where monitoring the evolution of the thermal interface material (TIM) paste found between the computer’s central processing unit (CPU)
Vol 5, Special Issue No. 1, 2012
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Figure 4: Material Characterization

Figure 5: Four Assembly IR Set-up

and heatsink is needed, as shown in Figure 4. To monitor the simulation of
the pumping of the TIM, a four assembly infrared (IR) setup is needed as in
Figure 5 to profile the heat generated on the assembly and as seen by the IR
camera. The constraint of having one IR camera requires having the camera on
a linear stage that can profile all four assembly stages.
18
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Table 1: IR Set-up measurements per Assembly
Measurements

Number of:

IR image frame

1

Thermocouples

12

Position Sensors

16

Position Temperature Sensors

16

Chip Temperature Sensors

36

Load Gauges

4

Total = 84 signals + raw data for IR image

Table 1 shows the high number of measurements required for each of the
stage assemblies. Eighty-four signals need to be acquired for each of the assembly in addition to the acquisition of the IR image frame. The data for all of
them need to occur in a lock step motion with the position of the camera on
the linear motor.
A LabVIEW application is created to help control the linear stage and the
IR camera, in addition to obtaining all the signals from each of the stage assembly, as shown in Figure 6. Since the IR camera and linear motor includes a software developer kit (SDK) and a driver for use with LabVIEW, integrating them
for communication and utilization in the application is simplified. Ultimately,
the application logging of the assembly signals and the corresponding IR image
frames provide data correlations for analysis to determine degradation characteristics of the TIM over time.

HPC Example
The third example comes from high performance computing (HPC), where
systems such as supercomputers are used to solve advanced computational problems. For instance, this includes simulations such as car crashes and molecular
interactions such as those needed for new drug designs, to name a few.
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Figure 6: Four Assembly IR Application

Today’s parallel computing systems produce far more heat than in the past
as a result of an increase in the number of nodes. For example, a 1 petaFLOPS
Blue Gene/P supercomputer contains 294,912 processors, all of which generate
heat that needs to be transferred. As air cooling approaches its linearity peak,
new HPC systems attempt to surpass this by introducing water-cooled systems
that transfer heat more optimal than in the past.
Simulating a closed loop water-cooling system under load (e.g. pressure modulation for stress tests) for use in an HPC system environment is considered in
this example. The components considered for cooling the system include a
hydraulic motor pump, a heat exchanger, an expansion tank, and a filter.
The cooling process scenario considered in this example involves initially
having chilled water brought into the cooling system through the intake valve.
The chilled water flows through the CPU rack transferring heat energy to the
water while cooling the rack. The heated water then returns to process through
a filtration system, which prevents the distilled water from developing particles
that can lead to corrosion over time. Finally, the pump drives the water through
the heat exchanger that transfers the heat to the chilled water that is then
20
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pumped out of the cooling system. It is worth noting that this approach allows
the water to cycle through the HPC cooling system without the need to constantly apply high-pressured water through the intake valve. This reduces the
amount of water flow in and out of the system and the stress on the water supply
line.
It is not uncommon for the motor in the pump of a cooling system to malfunction first. Thus, its change in temperature is the first sign of a malfunction
in the system. Therefore, its temperature is monitored closely by the LabVIEW
application for simulating the cooling system. To ensure that the system is running at a stable temperature, the water pipes must be monitored at different
positions for each rack. Thus, the temperature along the end points of each
rack and in the water expansion tank is monitored. Using all of the temperature
values, the average cooling system temperature is also observed.
Although high precision thermocouples are notable for consideration, conventional resistance thermal devices (RTDs) for temperature sensors can prove
to be more cost effective. The relationship between resistance and temperature
is relatively linear for an RTD. The resistance varies with temperature and can
typically range from -200 to 260° C, which is within the range of the required
system water temperature (32 + 33° C).
Ultimately, the result of using a LabVIEW application to automate the monitoring of the system under load allows obtaining insight for analysis about the
cooling system. For example, analysis could be performed to provide insight to
understand the effectiveness of the heat transfer, the ideal running conditions,
and the reliability of the system components.

Conclusions
The examples discussed are only a handful of automation examples. Many more
examples can be found in the LabVIEW NI Developer Zone. Automation
equipment manufacturers often design with remote control in mind and thus
provide communication interfaces such as USB and Ethernet for easy integrating into a LabVIEW application. Therefore, it is helpful to research and identify
components for integrating up-front before attempting to build or automate a
system.
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There are few areas in public health that will not benefit from cultural diversity
data items and analysis. Identifying and managing behavioural risks, use of
medicines, identification of patients with higher absolute risk of chronic disease,
screening, management and treatment of illness, and health outcome evaluation
studies, and other areas of Public Health will all profit from cultural diversity
detailed analysis. Culturally and Linguistically Diverse (CALD) variables are
important data resource items for epidemiological research that seems to be
undervalued. This is one of the “data needs” in Public health (Pope and Gruszin
2004). Unfortunately, this need seems not be fully appreciated.
In some countries, data collection based on ethnicity and other cultural diversity variables is considered by some to be sensitive and even discriminatory
(Maria-Stella 2005). In the US, for instance, there was a political move to ban
data collection using ethnicity variables in California State, but The American
College of Epidemiology, a professional organization committed to Public
Health research and practice, put forward the following statement:
Many epidemiologists dedicate their careers to the collection and analysis of data
in order to monitor and understand the determinants of human health and disease.
Corresponding author: *Dorothy Akindele; email: dakindele@utech.edu.jm
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Proposition 54, a ballot initiative that will appear on the October 7, 2003 gubernatorial recall ballot in California, seeks to limit the kinds of data that can be collected. Entitled “Classification by Race, Ethnicity, Colour, or National Origin
(CRECNO)”, Proposition 54 proposes a ban on the collection or use of data on
race, ethnicity, colour, or national origin by the state of California. Although there
is an exemption for “otherwise lawful classification of medical research subjects
and patients”, the ban would adversely impact many of the data sources typically
used by epidemiologists. For example, the ban on the collection of data by race,
ethnicity, colour, or national origin would hamper the efforts of national cancer
registries to identify and monitor trends in cancer incidence and mortality if data
from the state of California were incomplete. . . . Efforts to understand and eliminate racial and ethnic disparities for many diseases, and for access to many important health care services, would be nearly impossible if racial and ethnic data were
no longer available” (American College of Epidemiology 2003).

The controversy about cultural diversity data, according to Cook (1999) and
others is due to the struggle for power. They argue that ethnicity, for example,
is not only related to culture but is also related to the struggle for power between
different groups in society and also results from discriminatory political practices
(Cook 1999; Dawson and Gifford 2003).

Evidence-based Public Health
Inclusion of cultural diversity variables in national statistics is about evidence.
Evidence establishes a fact or gives reason for believing something (Lopez 2003).
Generally, there has been a lack of specificity in the use of word “evidence”.
Some have considered it to be knowledge derived from research or empirical
data while others regard it to be simply facts. Evidence-based Public Health
(EBP) has been defined as:
The development, implementation, and evaluation of effective programs and policies in public health through application of principles of scientific reasoning,
including systematic uses of data and information systems, and appropriate use of
behavioral science theory and program planning models. (Brownson 2003).
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The “principles of scientific reasoning” referred to in the definition are,
arguably, chiefly applied by quantitative population sciences such as, epidemiology, demography and health economics. These disciplines, more especially,
epidemiology produce the “hard evidence”, usually statistical data that are used
for Public Health needs assessment, planning effective interventions for different population groups, priority setting, allocation of resources, and informing
policies.
Public Health facts-based approach relies on data from major sources like:
Burden of Disease, Census data, Knowledge bases, epidemiological and other
research studies. Statistical evidence often does not take self-perceived needs
and preferences into account, hence there is need for evidence to be used in
conjunction with qualitative assessments of public health experiences, and community’s values and preferences.
Although subject to inaccuracies1, census data has the advantage of covering
entire populations unlike epidemiological surveys that are conducted on samples. All evidence, particularly those that are survey based, need to be critically
appraised for accuracy. Survey-based data do not usually provide sufficient evidence for policy change so needs to be supplemented with evidence from other
sources such as routinely collected data (DIMIA 2003).
An evidence approach to Public Health is widely appreciated so it is very
important that the quality of the evidence be improved, the evidence base
expanded, and the use of the evidence increased. The inclusion of cultural diversity data items at the censal-level is definitely an important development of
national Public Health evidence base that needs to be pursued by both developing and developed countries. According to a Commonwealth report (Commonwealth of Australia 2004), it is difficult to get competitive funding for
non-English Background health issues. This, among other reasons, is due to
paucity or inadequacy of cultural diversity data. The noted that “dealing
with non-English speaking population groups made up only 2.2 per cent of
published articles and attracted only 1.5 per cent of competitive research grant
funding”.
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Measurement of Cultural Diversity
Since we live in a culturally complex world, cultural diversity takes different
forms in different settings. The major variables that are used to assess and
analyse cultural diversity in Australia may not be the same for other countries.
Knowing the appropriate data items to include about cultural diversity is crucial
for detailed statistical collection and subsequent analysis. In Nigeria for example,
religious and ethnic differences are very paramount. In Jamaica it is not obvious
if there are dominant cultural diversity variables and there is very scanty research
done on this issue at the national statistics or other levels.
Australia’s culturally diverse population is sometimes simply classified as
overseas-born versus Australian-born. Sometimes overseas-born are further categorised into Main English Speaking (MES) and Non-Main English Speaking
(NMES) otherwise termed Non-English Speaking (NES) countries. Such classifications are inadequate for targeting countries with settlement problems and
other needs and criticized for rating highly educated migrants who speak very
good English as second-class citizens (DIMIA 2003). At a ministerial meeting
in May 1996 at DIMIA, Commonwealth and State ministers agreed to discontinue using the term “non-English speaking background” and agreed to categorise recently arrived immigrants from different countries into four English
proficiency (EP) levels (Commonwealth Interdepartmental Committee on
Multicultural Affairs 2001). EP classifications were expected to capture cultural
backgrounds and were more useful for settlement and other needs analyses but
many researchers did not find it easy to use.

Country of Birth as a Cultural Diversity Variable
The country of birth (COB) of an individual seems to be the most common
cultural diversity variable but its use has been very limited. COB may also be
assumed to be the person’s country of origin, which may not always be the case.
COB cannot identify immigrants who may be experiencing language barriers
to health promotion programs. For many services including health services, it
is important to collect data on COB, as well as clients’ preferred language and
26
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whether they need interpreter services (Duffield 1996). Country of birth does
not take into account the ethnic groups and religions in a country, and ethnicity
and religious affiliation are very important for within – country differences in
migrant statistical analysis.
Also people from the same country-of-birth group may have different ethnicity, religion and culture. Immigrants from a set of countries, which may not
necessarily be geographically close, may have similar cultural identity or common ethnicity and ancestry so may be classified as one ethnic group. For example, Arabic women may include women from Algeria, Egypt, Iraq, Jordan,
Kuwait, Lebanon, Libya, Morocco, Palestine, Saudi Arabia, Syria and Tunisia.
The subgroups within a major ethnic group may however consider themselves
to be quite distinct (ABS 2000).

Ethnicity as a Cultural Diversity Variable
Every one has an “ethnic origin” but the literature often limits ‘ethnicity’ to
minority culturally diverse groups who speak a first language other than English.
Ethnicity is considered to be the underlying concept of cultural diversity.
Epidemiological research highlights “geo-ethnic” variations in health and
differing health needs; as such it is a very useful tool in bridging health gaps
(Sommer 2003). Ethnic disparities may exist in health even after adjustment
for socioeconomic status, insurance coverage, income, age, co-morbid conditions, expression of symptoms, and access-related factors. For example, ethnic
differences were found in metabolic drug responses (Burroughs, Maxey et al.
2002).
There have also been difficulties in interpreting ethnic differences that were
demonstrated in some studies. What can such differences be attributed to? Some
researchers presume biological/genetic differences when explaining racial/ethnic
disparities in health while others presume socio-economic differences. The current discourses on ethnicity/race seem to consider the genetic and socioeconomic dimensions as competing explanatory frameworks and they both seem
to ignore cultural perspectives (Australian Government 1995). In other words
the debate has been whether ethnic differences in health are due to genetic or
Vol 5, Special Issue No. 1, 2012
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socially acquired factors. Attributing ethnic differences to causal factors is a
challenge in epidemiologic studies.
It is rare to see a study that defines ethnicity in a comprehensive sense. Cultural heritage or intergenerational transmission of values, attitudes and beliefs
is a major aspect of ethnicity that is passed on to the next generation via religion,
traditions, and behavioural patterns. It has been contended that epidemiological
research rarely attributes ethnic health differences to social domination and
discrimination (Krieger 2001).
In response to increasing community interest in the cultural diversity of the
Australian population, the Australian Bureau of Statistics (ABS), through consultations with users and producers of cultural diversity data and other experts,
has developed the Standards for Statistics on Cultural and Language Diversity.
Since there is a limit on how much data items can be collected a minimum data
set was agreed upon. The recommended “Minimum Core Set of Variables”
include: Country of birth of person, Main language other than English spoken
at home, Proficiency in spoken English and Indigenous status. Indigenous status
is a cultural diversity variable that does not relate to immigrants.
There is need to understand and improve data quality relating to National
Public Health Information Development. The Economic Commission for
Latin America and the Caribbean (ECLAC) has improved the data collection
system for domestic violence (ECLAC 2002). Given that the Jamaican crest
suggests cultural diversity, it will be important to start the development of data
as it relates to ethnicity or cultural diversity, as was done for domestic violence.
This also necessitates increasing efforts in making health and health-related
organizations value collecting, analysing and presenting data on cultural diversity. Since it is only census-level data that provides sufficient evidence for policy
change, the emphasis is on the development of the current National Census
Form.
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Note
1. Census data are liable to errors such as respondent, other data collection (e.g
undercounts) or processing errors. These errors are corrected by processing procedures and adjustments but cannot be completely eliminated ABS (2003).
“Explanatory notes. Census of Population and Housing: Selected Social and
Housing Characteristics”. Catalogue no 2016.0.
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Abstract
This study sought to investigate the relationship between students’ performance in
CSEC subjects and their performance in the first year module, Foundation Biology.
A correlational design was used to measure the degree of association between students’
performance in CSEC Mathematics, English Language and Biology with Foundation Biology. Data on students’ performance was collected from the Office of Student
Records. Results of the study of 52 students from the first two cohorts of the programme
revealed the following variables as having the strongest correlation to performance
in Foundation Biology: Expression in CSEC English Language (ρ = -0.248,
p= 0.129), overall grade in CSEC English Language (ρ= -0.233, p= 0.138) and Comprehension in CSEC Mathematics (ρ = -0.122, p= 0.452).
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Introduction
The University of Technology, Jamaica responded to the need for qualified
science teachers by developing a programme specialising in the preparation of
students in science education. This four year programme accepts eleventh grade
graduates from local high schools who have achieved at least five subjects from
the Caribbean Examination Council (CXC). Applicants to the Bachelor of Science degree in Science and Education must obtain five subjects which include
mathematics, English language, any two science subjects to qualify for entry.

Research Questions
The following questions were used to guide the research:
1.
2.
3.
4.
5.

Is there a relationship between the number of SCEC subjects and performance in Foundation Biology?
Is there a relationship between the grade for CSEC English Language and
performance in Foundation Biology?
Is there any relationship between the grade for CSEC Mathematics and
performance in Foundation Biology?
Is there any relationship between the grade in CSEC Biology and performance in Foundation Biology?
Is there a difference in the performance of Foundation Biology between
groups with and without CSEC Biology?

Review of Literature
“It is widely recognized that the best way to break the cycle by which ineffective
teaching reproduces itself over generations is to improve the quality of teachers
entering the system” (Johnson & Associates, 1989). Earle, Seehafer and Ostlund
(2001) looking at the systematic reform of teacher education in the United
States, cited studies and reports from various agencies that recommended higher
entrance standards, increased intellectual vigour, closer connections with public
schools and the transformation of schools as better places to teach and learn.
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Entry Requirements and Academic Performance Patterns
Many studies have identified a gamut of predictive factors in determining academic success at the tertiary level. These factors include age, entry qualification
(Eaton, 1979; Houltram, 1996; Kevern, Ricketts and Webb, 2001), intellectual
aptitude, headteacher’s report, age, social background, personality characteristics, area of study, gender, academic motivation and study methods to name a
few (Milgram and Toubiana, 1999; James and Chilvers, 2001; McKenzie and
Schweitzer, 2001; Salamonson and Andrew, 2006; Schmitt, Oswald, Kim,
Imus, Merritt, Friede and Shivpuri, 2007; Al-Alwan, 2009; Mills, Heyworth,
Rosenwax, Carr and Rosenberg, 2009). Despite the non-specificity of predictive
factors in identifying individual applicants that may not be successful at a particular programme, they do apply to the majority of applicants in the previous
studies mentioned. This is also confirmed by Chapman (1996) who reported a
positive correlation between entry qualification and degree results in UK universities. Houltram (1996) found that students on the lower end of the entry
qualifications scale had high rates of attrition and low overall mean scores.
Wolkowitz and Kelley (2010) in assessing academic predictors of success in
a nursing programme found that science, as opposed to math, reading and english, was the most statistically significant predictor. Prime (1990) investigated
the predictive validity of CXC General proficiency qualification for advanced
level success in Biology. Results revealed that CXC grades do act as a good predictor of success in GCE A’ level Biology.

Methodology
Population
The population from which the study sample is drawn comprise students in
the first two cohorts of the B.Sc. Science and Education programme, who have
undertaken the Foundation Biology Module. The population comprised 52
students, 31 females and twenty one males.
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Data Analysis
All analysis was done using Statistical Package for the Social Sciences (SPSS)
version 16. Table 1 presents the statistical analyses used to address the research
questions. All tests of significance were two tailed and performed at an alpha
level of 0.05.
Table 1. Statistical tools used to assess research questions
Research Question

Statistical Analysis

1.

Is there a relationship between the number of CSEC
subjects and performance in Foundation Biology?

Spearman’s
correlation

2.

Is there a relationship between the grade for
CSEC English Language and performance in
Foundation Biology

Spearman’s
correlation

3.

Is there a relationship between the grade for CSEC
Mathematics and performance in Foundation Biology?

Spearman’s
correlation

4.

Is there a relationship between the grade in CSEC
Biology and performance in Foundation Biology?

Spearman’s
correlation

5.

Is there a difference in student performance in the
performance of Foundation Biology between
groups with and without CSEC Biology?

Mann-Whitney
U test

Results
Relationship between the number of CSEC subjects and
performance in Foundation Biology
A Spearman’s correlation revealed that there was no significant relationship
between the number of CSEC subjects passed and the grade obtained in Foundation Biology (ρ = 0.086, N= 44, p= 0.579).
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Performance in Foundation Biology with respect
to CSEC English Language
A Spearman’s correlation on CSEC grades in English Language and percentage
scores obtained for Foundation Biology showed a weak negative non-significant
relationship with ρ = -0.233, N = 42, p = 0.138). Students who passed
Foundation Biology (i.e. score >50%) had a minimum overall grade of 2 (II)
in English Language. This is represented in Figure 1.

Figure 1. English Language grades against grades achieved in Foundation Biology.
Note Arabic numerals 1, 2, 3, 4 represent grades I, II, III and IV grades repectively in the
subject

The analysis of the students’ subject profile in English Language revealed
that those who passed Foundation Biology obtained a minimum of grade
of “A” in “Understanding” and a minimum grade of “C” in “Expression”
(Figure 2).
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Figure 2. English Language profile grades against the range of percentage scores in Foundation Biology. Note that grades 1, 2, 3, 4 represent grades A, B, C and D respectively.

A Spearman’s correlation on Expression in CSEC English Language and
scores in Foundation Biology showed a weak negative relationship but with no
significance (ρ = -0.248, N = 39, p = 0.129).
Performance in Foundation Biology with respect
to CSEC Mathematics
A Spearman’s correlation on grades in CSEC Mathematics and percentage
scores in Foundation Biology showed no significant relationship with ρ = 0.081,
N = 42, p = 0.611.
When the profile of CSEC Mathematics was correlated with performance
in Foundation Biology it was found that grades in Reasoning and Computation
both had a weak positive relationship with ρ = 0.112, N = 40, p = 0.489 and
ρ = 0.165, N = 40, p = 0.308 respectively. The bar graph in Figure 3 reveals
that grades for Computation and Comprehension improved from a “C” for
persons who failed to “B” within the 50-69% range of scores for Foundation
Biology. This observation represents over 75% (n = 39) of the sample.
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Figure 3. CSEC Mathematics profile grades against percentage scores in Foundation
Biology. Note that grades 1, 2, 3, 4 represent grades A, B, C and D respectively.

Performance in Foundation Biology with respect
to CSEC Biology
A Spearman’s correlation on CSEC Biology grade and scores in Foundation
Biology showed a weak negative relationship with ρ = -0.117, N = 30, p =
0.538. This suggests that the better the grade obtained in CSEC Biology the
better the performance in Foundation Biology.
A Mann-Whitney U test of difference showed no statistical significance in
the performance of Foundation Biology between those with or without CSEC
Biology, U = 277, p = 0.467.

Discussion of Results
Relationship between the number of CSEC subjects and
performance in Foundation Biology
No relationship between the number of CSEC subjects and performance in
Foundation Biology was found from Spearman’s correlation. Kruskal-Wallis
Vol 5, Special Issue No. 1, 2012

37

JOURNAL

OF

A RTS S C IEN C E

AND

TECHNOLOGY

test also revealed no statistically significant difference in the performance in
Foundation Biology between students with eight, seven, six or five subjects.
The lack of any significance relationship between the number of CSEC subjects
and performance in Foundation Biology, contradicts Leo-Rhynie’s (1984) findings when predicting students’ performance at GCE Advanced level subjects.
However, careful consideration should be given to the fact that students pursuing Advanced level GCE subjects would have had to possess the complementary subject at the CSEC or GCE Ordinary level with at least a grade II pass
(grade III was not an accepted pass at the time by tertiary institutions). In this
study most students entered the programme with grade three (in all subjects).
The lack of a significant relationship between the number of CSEC subjects
and performance in Foundation Biology is also largely contradicted by other
studies (Al-Alwan; 2009; Mills, Heyworth, Rosenwax, Carr & Rosenberg,
2009; Schmitt, Oswald, Kim, Imus, Merritt, Friede & Shivpuri, 2007; Chapman, 1996; Houltram, 1996; Mitchelmore, 1984) where a generally high level
of matriculation was met with improved performance in college programmes.

Performance in Foundation Biology with respect
to CSEC English Language
Correlation analysis revealed higher performance in Foundation Biology being
associated with higher overall grades in CSEC English Language. All students
who passed Foundation Biology obtained a grade II pass in CSEC English
Language (Figure 1) and a grade of “A” for Understanding in CSEC English
Language (Figure 2).
The strongest relationship between the CSEC Subject profile grades
and Foundation Biology was seen for Expression in CSEC English Language
(ρ = -0.248). This observation is supported by Applebee (1984) who suggested
that writing improves thinking because it requires one to make their ideas
explicit and to evaluate and choose among tools necessary for effective discourse.
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Performance in Foundation Biology with respect
to CSEC Mathematics
The lack of a significant relationship between Foundation Biology and overall
mathematics grades or with the profile for CSEC Mathematics is not surprising
given the fact that Foundation Biology had very little mathematical component.
Most of the students who passed Foundation Biology obtained a grade B for
Comprehension in CSEC Mathematics (Figure 3).

Performance in Foundation Biology with respect
to CSEC Biology
Much existing research on students’ success in first year science based degree
programmes show a strong correlation with previous passes in science subjects
(Wolkowitz and Kelley, 2010). This expectation is supported by Craig, Gordon,
Clark and Langendyk (2004) in assessing students’ prior academic background
and performance. They found that persons with a science background outperformed those without, when looking at graduates from health Sciences and BioMed programmes. An examination of the entrants possessing CSEC Biology
against those without showed no significant difference in their scores for Foundation Biology (p = 0.467). It could be surmised that with most students obtaining the lowest pass in CSEC Biology (grade III) within the science and
education programme at UTech, that their knowledge base was and subsequent
performance was indistinguishable from those without prior exposure to
biology.
The significance of these findings show that the following variables were
found to have the strongest correlation to performance in Foundation Biology
in decreasing order: Expression in CSEC English Language, overall grade in
CSEC English Language and Comprehension in CSEC Mathematics.
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Recommendations
The findings of the study do point to a challenge of students’ ability to understand and express themselves. The introduction of a special module or teaching
strategy that targets students’ in this area is crucial to developing the minds
needed to enhance the comprehension, understanding and critical thinking that
is now lacking. “With improved critical thinking skill, . . . biology students will
be better prepared to solve problems as engaged and productive citizens”
(Quitadamo and Kurtz, 2007). Further to this an assessment of applicants’
performance of students at high school not just their CSEC passes should be
conducted before admission to the Science and Education programme.
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Abstract
This study examines students’ achievements in undergraduate statistics modules at
the University of Technology, Jamaica (UTech). The aim of the study is to identify
the underlying factors that influence students’ achievements in these statistics modules.
Three undergraduate statistics modules were selected for the study. The modules
were, Introductory Statistics, Business Statistics and Biostatistics. The content of the
syllabi outlines indicates that these modules are classified as introductory statistics.
The contents of the three modules included a definition of statistics, forms of descriptive statistics such as, measures of central tendency and dispersion, basic probability
and types of events, odd ratio, relative risk, discrete random variable and special
cases of binomial and Poisson distributions, point and interval estimation of the
mean and proportion, correlation and simple linear regression, hypothesis testing:
two means or less for large and small samples, two proportions or less for large samples
and chi-square test of association. The modules were delivered to students satisfying
course requirements in Computing and Information Technology, Nursing, Child
Corresponding author: *Olusegun Afis Ismai; email: @utech.edu.jm
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Care Development, Medical Technology, Urban and Regional Planning, Environmental Health and Business Administration.
A questionnaire consisting of forty-six questions was developed and administered
to the students. The questions focused on students’ prior knowledge, concerns and
beliefs, students’ perception of lecturers’/tutors’ module delivery and difficulty of topics, and students’ learning strategies. These variables represent a sample of the independent variables used in the analyses. Correlation analyses of students’ results and
the independent variables were conducted to determine relationships. In addition
to correlation analyses, T-tests were conducted using students’ results and the independent variables to determine significant statistical difference. The findings revealed
that there were significant relationships between students’ results and students’ liking
for statistics or mathematics, as well as student fear of statistics or mathematics. Additionally, a significant relationship existed between students’ results and students’ perception of lecturers’/tutors’ delivery of the learning materials, students’ perception of
lecturers’/tutors’ enthusiasm for the module content, students’ perception of difficulty
of topics such as measures of central tendency and dispersion, and students’ disapproval of multiple choice and open-book assessments.
Key words: Modules, UTech, Lecturer/Tutor

Introduction
Studies on undergraduate statistics modules have and continue to stimulate
research interests (See for example, DeVaney (2010); Libmen (2010); Williams
(2010); Tempelaar (2006); Garfield (2002), Evans (2007); Elmore, Lewis, and
Bay (1993)). The focus of these studies vary in content, however, the majority
provides information on the determinants of students’ achievement in undergraduate statistics and other means of improving the module. At the University
of Technology, Jamaica (UTech), there has been consistent high achievement
in the undergraduate statistics modules over the years in comparison to other
numerate modules offered by the School of Mathematics and Statistics, and by
extension some numerate modules taught by other schools or departments. This
paper examines the determinants at UTech among students taking statistics at
the undergraduate level with the aim of informing the School of Mathematics
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and Statistics and administrators about the main determinants that contribute
to students’ success. In addition, this study will provide the opportunity to compare its findings with the findings of previous studies so as to highlight additional information on best practices in statistical education.
There are several statistics modules for undergraduate students at UTech.
The available statistics modules are Business Statistics, Introductory Statistics
(a generic name of amalgamated modules), Biostatistics and Engineering Statistics available to non-statistics majors. These modules were offered to students
in the programmes such as Computing and Information Technology, Nursing,
Child Care Development, Medical Technology, Urban and Regional Planning,
Environmental Health, Business Administration and Engineering. For the purpose of comparison with previous studies, we have sampled students in all faculties except Engineering. The Engineering faculty was excluded because of the
major variation in the content of the syllabus for the Engineering Students.
This study takes the form of an exploratory investigation to identify underlying factors that could be reasons for students’ success in statistics based on six
broad issues: students’ attitude, prior knowledge/beliefs, perceived difficulty of
topics covered, perception of lecturers/tutors who delivered the module, student
learning strategies and types of assessment employed by the lecturers/tutors.
The remaining part of this paper will describe the current literature, methodology, limitations, results, and provide a brief discussion, conclusion and some
recommendations for implementation.

Literature Review
Initial research on statistics education focused on students’ attitude as demonstrated in Roberts and Saxe (1982) were the main instrument was the Statistics
Attitudes Survey (SAS). The authors reported that SAS scores were significantly
related to students’ mathematical skills, statistics pre knowledge and module
grades. In comparison, some studies focused on students’ anxiety and the internal validity and consistency of several survey instruments developed over the
years to measure attitudes. These articles were selected because of their emphasis
on the students’ achievements. A paper that is worth mentioning is that of
Vol 5, Special Issue No. 1, 2012
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Elmore, Lewis and Bay (1993) where students’ achievement in statistics were
found to be a function of mathematical ability and other related experiences
such as attitude towards computers. In 2006, Christopher and Fuller presented
a paper titled “Factors affecting Undergraduate Performance in Statistics: A
Review of Literature” and their sample consisted mainly of students in the Social
Sciences in the United States of America. The authors’ review of the relevant
literature concluded that statistics anxiety and attitude are the major factors
contributing to a student’s performance in statistics classes. The review also
revealed that computer experiences reduces the anxiety and improve attitudes
of some students.
Vanhoof et al (2006) furthered the hypothesis on attitude as one of the predictor of students’ achievement in statistics and concluded that a positive relationship exist between students’ attitudes towards the use of statistics in their
field of study and the dissertation grade. In a recent study, Dampster and
McCorry (2009) examined the role of previous experience and attitudes towards
statistics in statistics assessment outcomes among undergraduate psychology
students and found that both students’ attitudes and prior experiences were
related to students’ grades.

Methodology
Study participants
Four hundred and twenty four (424) questionnaires were distributed to the students to complete and return in their statistics classes. Three hundred and six
(306) students voluntarily completed the questionnaire. The response rate was
72%. The sample consisted of 298 female and 98 male students. The age range
for the males was 17 to 48 years (Mean = 23.87, Standard Deviation = 6.16).
The age range for the females was 18 to 48 years (Mean = 24.97, Standard
Deviation = 6.41). The age range for both sexes was large because of the high
number of working class students attending the institution.
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Instruments
The instrument was developed to measure students’ feeling, attitudes, beliefs,
values, difficulty, learning strategies and perception of lecturer/tutor who deliver
the modules. Five items were developed with three responses (such as YES, NO,
UNSURE) while the remaining items were Likert-type. Some of the items were
comparable to Schau et al (1995) questionnaire of Survey of Attitudes Toward
Statistics in some respect. The instrument also included local issues (such as
awareness of shortage of Mathematician and Statistician, lecturer’s level of
organization of the learning material and delivery) and difficulty of topics
in most introductory statistics course which were not examined in previous
studies.
Analyses and Limitation
Pearson correlation coefficient was conducted on the variables to determine the
level of significance for the associations. The Likert-Type scales were collapsed
to two responses for convenience (for example, “YES”, “NO”, and “UNSURE”
were recoded as “YES” and “NO/UNSURE”; also items with the “STRONGLY
AGREE”, “AGREE”, “DON’T KNOW/UNDECIDED”, STRONGLY DISAGREE”, and
“DISAGREE” were recoded as “AGREE” and “DISAGREE/DON’T KNOW/UNDECIDED”). The collapsing of the responses made it possible to apply the T-Test.
The analysis of covariance would have been preferred but the absence of control
variables such as the grades of the participants from high school in mathematics
and/or the socio economic status of the participants prevented the use of such
statistical methods.

Results
Exploratory Analysis of the Students’ Grades
An exploratory analysis was conducted on the students’ grade so as to check for
influential cases (none being a potential treat) and to determine the suitability
for T-Test. The exploratory analysis consists of a box-plot (Table 1) and the
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Table 1: Intercorrelations of the Attitude items of the affective domain and student
final results
Grade
Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8

Grade

Q1

Q2

Q3

Q4

Q5

Q6

Q7

.304**
.270**
0.05
-0.11
-.123*
-.227**
0.03
0.029

.397**
.135*
0.07
-0.042
-.122*
0.023
0.103

0.032
-0.029
-0.035
-0.074
0.005
0.078

0.052
0.057
-0.013
0.086
0.087

0.039
.129*
0.013
0.108

.229**
-0.002
0.043

0.086
0.029

-0.01

**p<0.01, *p<0.05 (*,** implies the p- value level at which the Pearson product -moment correlation
coefficient is significant)

Kolmogorov-Smirnov Z Test for the normality of the dependent variable “students’ grade”. The students’ grades were fairly normal (K-S Z=1.189, p>0.05).
Simultaneously, a reliability test of the internal construct for the items was
measured using the cronbach alpha. Moderate values were recorded for the
items on the questionnaire (for example 0.633 for attitude items, 0.904 for
prior belief and knowledge, 0.933 for perception of lecturers/tutors and 0.599
for students’ learning strategy and assessment type).

Students’ Attitudes and Students’ Grades
Students’ attitude items were correlated with the grades at the end of the module. The attitude items included the liking of statistics and mathematics, relevance of statistics to their course of study, use of students’ initiative to source a
statistics or mathematics textbook, notes from the internet or dedicated email
address provided by the lecturers/tutors, visited library to read statistics textbooks and the use of statistics functions on a computer. The Pearson correlation
coefficient was significant for the students’ liking for statistics (r= 0.304,
p<0.01), mathematics (r = 0.270, p<0.01), sourcing of notes from a dedicated
website for statistics modules (for example passstats@yahoo.com) (r = -0.123,
p<0.05) and from other internet websites(r = - 0.227, p<0.01). A follow up TTest also supported the relationship by the significant difference in the grades
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of students who like mathematics or statistics compared to students’ who did
not (t = - 5.5, p<0.05; t = - 4.9, p<0.05), same applies to the students who seek
additional reading material from dedicated websites and any other internet
sources (t = 2.2, p<0.05 and t = 4.1, p< 0.05).The relevant statistics in parentheses are depicted in Table 2.
Table 2: Means and Standard Deviations for students Results by type of response to the
Attitude items
Variable Description

n

Un
Mean

SD

n

Mean

SD

T-TEST

Q1

Do you like statistics?

134

61.8

17.2

165

72.1

15.3

-5.5*

Q2

Do you like mathematics?

114

61.7

17.2

191

71.1

15.6

-4.9*

Q3

Do you think statistics is relevant to your course?
Since leaving high school, have you bought a
mathematics or statistics textbook?
Since this semester, have you downloaded notes from
passstats@yahoo.com?
Since this semester have you sourced statistics notes
from a website on the internet?
Since this semester have you visited the library to read
the available statistics textbook?
Do you know how to use the statistics function on
your computer?

99

66.4

17.6

202

68.2

16.3

-0.9

238

68.5

15.9

66

64

19.3

1.9

155

69.5

15.9

151

65.4

17.7

2.2*

167

70.9

14.9

139

63.3

18.1

4.1*

249

67.2

17

57

68.5

16.5

-0.52

190

67.3

16.3

108

68.3

17.7

-0.51

Q4
Q5
Q6
Q7
Q8

*p<0.05(*,** implies the p- value level at which the T-Test Statistic is significant)

Students’ Prior Knowledge/Concerns/Beliefs and
Students’ Grade
Fourteen items were used to solicit information on students’ prior knowledge/
concerns/beliefs. Five of the items were found to be significantly related to the
students’ grade. These included the fear of statistics or mathematics (for statistics
r = -0.264, p<0.01; for mathematics r = -0.229, p<0.01), the source of the fear
stems from teacher’s approach from high school (r= -0.124 , p<0.05), students’
interest in scholarship (for statistics r =0.161, p<0.01; for mathematics r =
0.125, p<0.05). Table 3 depicts the inter correlations in parentheses. Similarly,
the effect of these items were significant as demonstrated in the difference in
students’ grade (t = 4.8, p<0.05; t = 4.1, p<0.05; t = 2.1, p<0.05; t = -2.8,
p<0.05; t = -2.2, p<0.05). Table 4 depicts the t -test statistic in parentheses.
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-0.017

0.08

Q16

Q17

-0.052

0.007

-0.062

-.116*

-0.032

-0.072

-.118*

-.148*

-0.029

-0.066

-0.048

-.189**

-0.062

-0.112

-.230**

-0.096

.159**

0.029

0.015

-0.035

-.129*

-0.02

-0.056

-.222**

-0.073

.457**

-0.003

0.061

0.038

-0.033

-0.036

0.019

-0.053

0.097

Q12

0.064

.200**

.455**

.303**

0.108

0.001

.550**

Q13

.139*

.269**

.349**

.516**

.152**

.145*

Q14

0.102

.160**

0.057

0.055

.665**

Q15

.183**

.186**

.157**

.132*

Q16

0.112

.328**

.443**

Q17

**p<0.01, *p<0.05 (*,** implies the p- value level at which the Pearson product -moment correlation coefficient is significant)

0.02

0.028

Q15

Q20

.125*

Q14

-0.036

.161**

Q13

0.104

.429**

Q11

0.042

.282**

Q18

.249**

Q19

AND

Q19

-0.067

Q12

.252**

Q10

A RTS S C IEN C E

0.106

-.124*

Q11

.666**

Q9

OF

Q18

-.229**

Q10

GRADES
Q9
-.264**

GRADES

Table 3: Intercorrelations of the students’ prior knowledge/concerns/beliefs and student grades
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I know there is a shortage of statisticians in Jamaica

I would consider a career in mathematics

I would consider a career in statistics
I would encourage my siblings/relatives to consider a career in
statistics or mathematics

Having a mathematics club at UTech is worthwhile
I would have conquered my fear for mathematics or statistics if
my parents or siblings were knowledgeable in the subject

Q16

Q17

Q18

Q20
208

108

188

249

241

200

178

206

*p<0.05 (* implies the p- value level at which the T-Test statistic is significant)

Q21

Q19

I would take up a scholarship in mathematics

I know there is a shortage of mathematicians in Jamaica

I would take up a scholarship in statistics

Q13

Q14

261

My fear for statistics or mathematics stems from the teacher's
approach at primary school

Q12

Q15

244

My fear of statistics or mathematics stems from the teacher's
approach in high school

Q11

233

253

I am afraid of mathematics

257

Q10

n

I am afraid of statistics

Q9

Variable Description

67.2

67.1

67.8

67

66.8

67.8

67.11

66.1

65.9

67.4

67.9

69.3

69.4

Mean

17.8

17.2

16.7

16.7

16.7

16.4

16

17.2

17

17.1

17.2

16.6

16.1

SD

Disagree and Don't know
n

74

192

115

48

64

96

122

94

66

24

47

52

49

65.4

67.8

66.6

71.9

70.1

67.2

168.1

70.6

72.4

63.3

62.2

59

57.29

Mean

Agree
SD

14.9

16.9

17.2

17.3

17.5

17.6

18.5

15.9

15.6

15.1

15

15.9

17.6

Table 4: Means and Standard Deviations for students’ Grade by type of response to prior knowledge/concerns/beliefs

0.8

-0.3

0.6

-1.8

-1.4

0.3

-0.5

-2.2*

-2.8*

1.1

2.1*

4.1*

4.8*

T-TEST
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Students Perception of Lecturers/Tutors and Students’ Grade
Students’ opinion on how they perceived the lecturers/tutors were measured
with eleven statements (See Table 5). Based on the students’ opinion, the way
the instructor organized the learning experience so that students could benefit
from it was found to be significantly related to the students’ grade (r = 0.120 ,
p<0.05, See Table 5). Another significant relationship was found for the display
of enthusiasm by the lecturers/tutors in the delivery of statistics classes to students and the students’ grade (r = 0.148, p<0.05, Table 5). As a demonstration
of the significant relationship between the variables, the grade of students in
support of the two statements were significantly higher than students who
opposed the statements (t = -2.1, p<0.05; t = -2.6, p<0.05, See Table 6)

Relative Difficulty of Topics and Students’ Grade
We examined the perception of students regarding the relative difficulty of topics covered in the statistics classes. The topics covered were definition of statistics, sampling methods, measures of central tendency and dispersion,
probability, discrete random variable, binomial distribution, Poisson distribution, normal distribution and approximations, central limit theorem, sampling
distribution of means, point estimate, confidence interval, sample size calculation, hypothesis testing of the means, (large and small samples) and chi-square
distribution. Except for the topic on probability (r = -0.047, p>0.05) which is
not significantly related to students’ grades all the topics mentioned demonstrated significant relationship between responses of the students and the grade
attained. However, two topics, measures of “central tendency” and “dispersion”,
(r = -0.328, p<0.01; r = -0.322, p<0.01) displayed stronger relationships than
others. The significant difference in the students’ grade to support the level of
relationships is displayed in Table 7.
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0.032

0.075

0.107

0.111

0.103

0.079

0.043

.148*

.120*

0.088

0.04

.164**

.265**

.273**

.163**

.279**

.240**

.237**

.333**

.398**

.327**

Q22

0.109

.237**

.137*

.168**

.273**

.260**

.178**

.215**

.296**

Q23

.365**

.249**

.364**

.161**

.269**

.244**

.406**

.413**

Q24

.187**

.293**

.389**

.316**

.310**

0.11

.367**

Q25

.177**

.158**

.351**

.285**

.275**

.184**

Q26

.306**

.153**

.231**

0.04

.246**

Q27

.235**

.460**

.323**

.413**

Q28

0.054

.414**

.292**

Q29

.244**

.313**

Q30

**p<0.01, *p<0.05 (*,** implies the p- value level at which the Pearson product -moment correlation coefficient is significant)

Q32

Q31

Q30

Q29

Q28

Q27

Q26

Q25

Q24

Q23

GRADES
Q22

GRADES

Table 5: Intercorrelations of the students' perception of lecturers/tutors and students' grade

.250**

Q31

Q32
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54

The instructor for my statistics course was consistently on time.

*p<0.05 (*,** implies the p- value level at which the T-Test Statistic is significant)

Q32

Q31

Q30

Q29

44

77

32

59

82

66.1

65.3

62.1

63.4

64.6

64.7

65.1

59.7

16.3

16.9

15.2

18.3

17.1

16.2

15.4

16.3

15.8

18

16.6

SD

254

221

265

235

218

230

269

271

246

249

249

N

67.7

68.2

67.9

68.1

68.5

67.9

67.6

68.4

68.3

68.1

67.7

Mean

16.9

16.9

16.9

16.2

16.6

17

16.9

16.7

16.8

16.6

16.9

SD

-0.5

-1.3

-1.9

-1.9

-1.8

-1.4

-0.7

-2.6*

-2.1*

-1.5

-0.7

T-TEST

AND

Q28

61

27

27

63

64

49
50

65.9

51

Mean

A RTS S C IEN C E

Q27

Q26

Q25

The instructor for my statistics course made the objectives clear to
students at the beginning of the semester.
The instructor for my statistics course set and followed standards
for grading assignments.
The instructor for my statistics course organized the learning
experience so that students could benefit from it.
The instructor for my statistics course displayed enthusiasm for the
subject matter and topics in the course.
The instructor for my statistics course provided knowledgeable
support in the content area of the course.
The instructor for my statistics course returned assignments within
two weeks of submission.
The instructor for my statistics course was able to change
approaches to meet new situations.
The instructor for my statistics course related course topics and
assignments to real situations.
The instructor for my statistics course was approachable and
showed interest in his/her students.
The instructor for my statistics course facilitated creative thinking
along members of the class.

n

Agree

OF

Q24

Q23

Q22

Variables

Disagree and
Don't know

Table 6: Means and Standard Deviations for students Results by type of response to perception of lecturers/tutors
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Chi-square Distribution

Hypothesis Testing of the Means(small sample)

Hypothesis Testing of the Means (large sample)

Calculation Of Sample Size

Confidence Interval

Point Estimate

Sampling Distribution of Means

Central Limit Theorem

Normal Approximations

Normal Distribution

Poisson Distribution

Binomial Distribution

Discrete Random Variable

Probability

Measures of Dispersion

Measures of Central Tendency

Sampling Methods

Definition of Statistics
19

40

85

87

63

71

65

68

71

61

65

71

71

62

95

45

41

38

n

56.25

63.64

62.84

63.59

62.97

62.18

62.22

62.44

62.7

62.71

61.11

62.62

60.40

66.93

59.04

58.59

62.5

63.2

Mean

*p<0.05 (*,** implies the p- value level at which the T-Test Statistic is significant)

Q33.18

Q33.17

Q33.16

Q33.15

Q33.14

Q33.13

Q33.12

Q33.11

Q33.10

Q33.9

Q33.8

Q33.7

Q33.6

Q33.5

Q33.4

Q33.3

Q33.2

Q33.1

Variable

Difficult

16.12

16.76

16.68

16.28

19.37

17.71

19.54

18.02

17.28

17.64

19.01

18.36

18.35

17

15.56

15.03

15

13.68

SD

n

48

81

85

137

151

93

131

87

106

185

140

175

167

168

140

155

196

226

66.67

72.69

73.67

70.8

71.24

72.48

71.07

72.54

71.55

70.66

70.96

70.82

70.37

68.43

73.04

72.3

68.89

69.35

Mean

Easy

17.94

16.1

15.9

15.74

14.77

15.76

15.33

14.99

15.21

15.11

14.68

14.88

16.54

16.81

14.11

15.77

16.83

16.00

SD

Table 7: Means and Standard Deviations for students’ grades by type of response to perception of lecturers/tutors

2.84*

3.55*

4.36*

2.98*

3.51*

3.84*

3.51*

3.85*

3.44*

3.49*

4.15*

3.65*

3.93*

0.70

5.64*

5.00*

2.18*

1.59

T-TEST
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-.322**

-0.047

-.238**

-.243**

-.255**

-.217**

-.222**

-.232**

-.202**

-.208**

-.215**

-.178**

-.231**

-.190**

-.157*

Q33.3

Q33.4

Q33.5

Q33.6

Q33.7

Q33.8

Q33.9

Q33.10

Q33.11

Q33.12

Q33.13

Q33.14

Q33.15

Q33.16

Q33.17

Q33.18

0.035

.251**

.179**

.230**

.288**

.270**

.250**

.322**

.322**

.302**

.347**

.360**

.336**

.368**

.466**

.470**

.523**

.610**

Q33.2

.255**

.227**

.285**

.256**

.276**

.386**

.303**

.317**

.371**

.313**

.336**

.345**

.473**

.286**

.804**

Q33.3

.166*

.261**

.332**

.287**

.309**

.411**

.323**

.338**

.377**

.313**

.376**

.413**

.482**

.368**

Q33.4

0.123

.289**

.317**

.463**

.412**

.450**

.444**

.308**

.402**

.440**

.437**

.436**

.576**

Q33.5

.272**

.375**

.416**

.440**

.443**

.485**

.553**

.419**

.600**

.618**

.674**

.679**

Q33.6

.296**

.450**

.470**

.468**

.487**

.523**

.520**

.472**

.637**

.705**

.807**

Q33.7

.299**

.420**

.440**

.474**

.475**

.503**

.521**

.491**

.689**

.704**

Q33.8

.253**

.500**

.537**

.594**

.616**

.572**

.536**

.539**

.741**

Q33.9

.371**

.449**

.473**

.558**

.581**

.588**

.629**

.622**

Q33.10

.261**

.425**

.458**

.523**

.584**

.701**

.637**

Q33.11

.394**

.478**

.489**

.642**

.644**

.743**

Q33.12

.377**

.460**

.506**

.611**

.677**

Q33.13

.270**

.457**

.495**

.694**

Q33.14

.287**

.588**

.596**

Q33.15

.400**

.955**

Q33.16

.429**

Q33.17

Q33.1

A RTS S C IEN C E

.288**

.266**

.215**

.241**

.240**

.285**

.209**

.222**

.238**

.264**

.293**

.270**

.458**

.514**

.625**

Q33.1

OF
AND

**p<0.01, *p<0.05 (*,** implies the p- value level at which the Pearson product -moment correlation coefficient is significant)

-.119*

-.328**

Q33.2

-.161**

GRADE

Q33.1

GRADE

Table 8: Intercorrelations of the students’ perception of the level of subtopics difficulty/ easy and students' grades
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Students’ Learning Strategy, Assessment Type and
Students’ Grade
Students’ learning strategy and choice of assessment were assessed through the
use of twelve statements (See Table 10). We found four of the twelve variables
significantly related to students’ grade. The provision of video clips of topics to
students (r = -0.180, p<0.01), use of multiple choice as the preferred assessment
choice (r = -0.227, p<0.01), the use of open book assessment method (r = 0.213, p<0.01) and the increase in the length of weeks from 13 to 16 in a semester (r = -0.117, p<0.05). There was a significant difference in the grades of
students who supported versus those who opposed the statements. (See Table
9).

Predicting Students’ Grade from Significant Variables
A stepwise regression was conducted using thirteen relevant independent variables. Five different models were generated. Model 5 was found to be the most
parsimonious. Model 5 contains variables such as student liking for statistics
or mathematics, the use of multiple choice as an assessment, ability of the student to source notes from the internet and use of video clips as instructional
delivery. The model could only account for 21.8% variation in the students’
grade as indicated by the value of “R Square” in Table 11; however, it showed
that all variables were significant in determining students’ grade.

Discussion
Studies have shown that students who showed a liking for statistics or mathematics tend to attain high grades in statistics. The liking is usually translated
into positive attitudes such as good habit in studying and appreciation of the
relevance of statistics. It was interesting to discover that students who did not
source relevant notes from the internet, but relied solely on the lecturer’s/tutor’s
notes attained higher grades than students who did. At UTech, lecturers/tutors

Vol 5, Special Issue No. 1, 2012
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-.180**

-0.099

-.227**

0.042

-0.001

-0.093

-.213**

-.117*

-0.08

-0.092

-0.031

Q35

Q36

Q37

Q38

Q39

Q40

Q41

Q42

Q43

Q44

Q45

0.011

0.117
0.042

0.04

-0.024

.224**

.282**

.159**

0.102

0.008

.176**

Q36

-0.106

0.064

-0.05

0.041

.273**

-0.056

-0.072

-0.055

Q37

0.013

.158**

0.024

0.012

0.074

0.049

0.111

Q38

-0.04

-0.012

0.035

0.021

0.019

.209**

Q39

0.069

0.08

0.086

0.107

-0.003

Q40

-0.022

.124*

0.021

.147*

Q41

0.051

0.09

.146*

Q42

.203**

.332**

Q43

.289**

Q44

Q45

AND

0.063

0.065

-0.009

.179**

.232**

0.033

0.067

0.003

0.005

.216**

Q35

A RTS S C IEN C E

0.082

.175**

0.079

.156**

0.087

0.089

0.015

.369**

.242**

Q34

OF

**p<0.01, *p<0.05 (*,** implies the p- value level at which the Pearson product -moment correlation coefficient is significant)

0.032

GRADE
Q34

GRADE

Table 9: Intercorrelations of the students’ response to learning strategy and assessment type and students' grade
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Q41

I seek help from classmates

75

71

68.12

70

69.71

68.94

183
76

70.14

69.85

67.43

67.32

69.24

69.51

69.48

66.89

Mean

176

91

81

261

232

105

204

119

n

*p<0.05(*,** implies the p- value level at which the T-Test Statistic is significant)

Q45

Q44

Q43

I change my study habits

I am given open book test(s)
The length of the semester increases from 13 weeks to 16
weeks
I take responsibility for reading required and recommended
textbooks/materials

Q40

Q42

I am given home work assignments

Q39

All the module tests are essay type

All the module tests are multiple choice

Lecturers or tutors go slowly on the topics

Video Clips of topics are provided

The module tests are a mixture of multiple choice i
tems and essay type

Q38

Q37

Q36

Q35

Q34

Variable
I have more than one tutorial class

18.03

16.03

16.28

16.38

16.65

15.65

17.81

17.27

15.36

17.81

16.83

17.42

SD

Disagree and Don't
know

212

219

212

105

109

196

210

34

61

189

88

175

n

66.93

66.38

66.6

64.79

62.59

66.49

67.4

69.53

59.87

66.95

62.83

68

Mean

Agree

17.27
16.76

17.3

18.06

17.18

17.23

16.53

13.97

16.21
19.74

16.4

16.45

SD

0.52

1.56

1.36

1.99*

3.68*

1.58

0.12

-0.72

3.98*

1.69

3.12*

-0.55

T-TEST

Table 10: Means and Standard Deviations for students’ grades by type of response to learning strategy and assessment type
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60
2.301
2.208
2.468
2.044
2.18
2.096

-8.544
-6.376
-5.111
4.971

2.06
2.198

-6.562
-5.001
66.815
6.76

2.486

-8.848

-0.14

-0.185
-0.138

-0.204

0.195

-0.19
-0.135

-0.211

0.246

0.026*

0.020*

0.002**

0.001**

0.002**

0.000**

0.024

0.002**

0.000**

0.000**

0.000**

0.467

0.449

0.428

0.379

0.313

R

**p<0.01, *p<0.05 (*,** implies the p- value level at which the Pearson product -moment correlation coefficient is significant)

Do you like Mathematics?

Video Clips of topics are provided

All the module tests are multiple choice
Since this semester have you sourced statistics
notes from a website on the internet?

Do you like statistics?

Constant

2.112
2.08

68.956
8.532

-0.201

0.000**

0.000**

0.000

0.000**

0.000**

Sig

0.218

0.201

0.183

0.144

0.098

R Square

AND

Video Clips of topics are provided

All the module tests are multiple choice
Since this semester have you sourced statistics
notes from a website on the internet?

Do you like statistics?

2.072

0.261
-0.205

2.506

2.557
1.988
2.087

0.287
-0.215

1.699
2.114

0.313

Beta

A RTS S C IEN C E

5

-8.595

All the module tests are multiple choice
Since this semester have you sourced statistics
notes from a website on the internet?

Constant

9.018

-6.938

67.221

Do you like statistics?

-9.02

All the module tests are multiple choice

Constant

9.94

Do you like statistics?

1.589
2.149

SE b

OF

4

3

63.576

Constant

10.846

Do you like statistics?

2

61.131

Constant

1

b

(Independent Variables)

Model

Table 11: Grade stepwise regression (Dependent Variable: Grade)
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of statistics were renowned for providing students with notes in the classes. This
could possibly be the reason why the students showed a lack of interest in sourcing notes or engaging in the procurement of a statistics textbook. Surprisingly,
there was no significant difference between students who use the library and
those who did not. The same conclusion applies to the ability of the students
to use statistics functions on a computer. The statistics curricula focus on the
students’ competence in the use of scientific calculator instead of a computer,
thereby explaining the reason for such a finding.
Statistics or mathematics anxieties are well documented facts that face many
students (Onwuegbuzie (2004), Keeley, Zayac and Correla (2008)). Therefore,
the significant difference reported for students who demonstrated fear of statistics or mathematics supported the conclusion drawn in previous studies. The
reverse also applies to students who seek scholarships in statistics or mathematics, they will not be afraid of the modules, which suggests the higher grades for
students who are interested in having a scholarship than students who are not
interested in having a scholarship. It is not surprising to note that students who
had lower grades attributed the fear for statistics or mathematics to the teacher’s
approach in high school. From the students’ perspective the preparations at
high school are critical. Therefore, the inability to overcome such fear will forever be blamed on the high school teachers by the students.
Lecturers/Tutors evaluation is an essential tool to measure how effective a
facilitator teaches statistics. The level of organization displayed by a
lecturer/tutor is of paramount importance to students learning as it saves the
students’ energy in the assimilation of class instruction. The expectation of this
organization is confirmed in this study because students with the perceived
notion that a lecturer/tutor is organized have significantly higher grades in statistics than those who disagree/don’t know. In this study, we found also that
students’ perceived enthusiasm displayed by lecturers/tutors has a significant
effect on the achievement of students in statistics. These findings corroborate
the study conducted by Sanders and Gosenpud (1986) where the authors
described an enthusiastic person as someone who literally is inspired by a powerful force.
Further to the findings discussed earlier, the majority of the students perceived the topics covered as easy except for probability. Many institutions of
Vol 5, Special Issue No. 1, 2012
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higher learning are moving towards new approaches to module delivery. It was
unexpected that students with higher grades in statistics modules were opposed
to the use of video clips. The majority of students would like the opportunity
to freely express their thoughts which in turn will have benefits to lecturers/
tutors as a means of diagnosing students’ weaknesses. Many students were of
the view that the length of time allocated for instruction is usually not enough
to cover the contents of the syllabus especially when natural disasters occurred.
Therefore, the significant relationship between the students’ grade and the need
for increase of the semester period from 13 to 16 weeks could be a reflection of
the experience in reality.

Conclusion and Recommendations
In concluding, students’ achievement in undergraduate statistics could be
describe as a function of several variables such as mathematical ability, liking
or fear for mathematics or statistics, teaching strategies at high school, perception of lecturers/tutors enthusiasm and organization of instructional material,
relative perception of difficulty of topics, the type of assessment endorsed by
the lecturer/tutor and duration of instruction. We recommend that university
administrators would consider the following possible solutions in order to
improve students’ performance in statistics modules:(1) seminars be held for
high school teachers on effective methods of allaying students’ fear of mathematics and statistics; (2) special consideration be given to lecturers/tutors with
humour and enthusiasm during the recruiting process; (3) lecturers/tutors use
mixed strategies in the assessment of students and (4) consideration be given
to the extension of the number of weeks in a semester which will be beneficial
to the students and lecturers/tutors alike. It will provide lecturers/tutors ample
time to effectively deliver the topics and students getting immediate remedy
for areas of weaknesses in the modules.

62

Vol 5, Special Issue No. 1, 2012

Students’ Achievement in Undergraduate Statistics Modules at UTech, Jamaica

References
Andrew Zieffler, Joan Garfield, Shirley Alt, Danielle Dupuis, Kristine Holeque and
Beng Chang(2008) “ What Does Research Suggest About the Teaching and
Learning of Introductory Statistics? A Review of the Literature”, Journal of
Statistics Education Volume 16 Number 2.
Beth L chance (1997), “Experiences with Authentic Assessment Techniques in an
Introductory Statistics Course”, Journal of Statistics Education, Volume 5, Number 3.
Brian Evans (2007), “ Student Attitudes, Conceptions, and Achievement in Introductory Undergraduate College Statistics”, The Mathematics Educator Volume 17
Number 2, 24–30.
David L Neumann, Michelle Hood, and Michelle M Neumann(2009), “ Statistics?
You must be joking: The Application and Evaluation of Humor when Teaching
Statistics”, Journal of Statistics Education Volume 17 Number 2.
Gaede C.S, Svinicki M.D and Zimmaro D.M “ Predicting Student Evaluation of
Instructor and Course: Revisiting the Relationship Among Course Grades, Improving Teaching and Summative Evaluation” http//www.utexas.edu.academic/cti/
research/report/cis-study-report.pdf
Joan Garfield, Bob Hogg, Candace Schau and Dex Whittnghill (2002) “ First Courses
in Statistical Science: The status of Educational Reform Efforts”, Journal of Statistical
Education Volume 10, Number 2.
Iddo Gal and Lynda Ginsburg (1994), “ The Role of Beliefs and Attitude in Learning
Statistics: Towards an Assessment Framework”, Journal of Statistics Education,
Volume 2.
Iddo Gal, Lynda Ginsburg and Candace Schau (1997) “Monitoring Attitudes and
Beliefs in Statistics Education” http://www.stat.auckland.ac.nz/~iase/publications
/assessbk/chapter04.pdf.
M. Ryan Haley, Marianne F Johnson and Eric W. Kuennen (2007) “ Student and
Professor Gender Effects in Introductory Business Statistics”, Journal of Statistics
Education Volume 15 Number 3.
Martin Dempster and Noleen K. McCorry (2009), “ The Role of Previous Experience
and Attitudes Towards Statistics in Statistics Assessment Outcomes among Undergraduate Psychology Students”, Journal of Statistics Education Volume 17, Number 2.
Nyaradzo Mvududu (2003) , “ A cross-cultural study of the connection Between
Students’ Attitudes Toward Statistics and the use of Constructivist Strategies in
the Course”, Journal of Statistics Education Volume 11, Number 3.
Onwuegbuzie A, J (2004), “ Academic procrastination and statistics anxiety” Assessment
& Evaluation in Higher Education, Volume 29, Number 1, February 2004.

Vol 5, Special Issue No. 1, 2012

63

JOURNAL

OF

A RTS S C IEN C E

AND

TECHNOLOGY

Jared Keeley, Ryan Zayac and Christopher Correla (2008), “Curvilinear relationships
between statistics anxiety and performance among undergraduate students: Evidence
for optimal anxiety”. Statistics Education Research Journal, Vol 7(1), May 2008,
4–15.
Roberts, D.M and Saxe, J.E (1982), “Validity of Statistics Attitude Survey: A Fellow-Up
Study,” Educational and Psychological Measurement Volume 42, Number 3 907–912.
Schau C, Stevens J, Dauphinee T. L and Del Vecchio A (1995), “The development and
validation of the Survey of Attitudes Toward Statistics. Educational and Psychological
Measurement, 55, 868–875.
Stijn Vanhoof, Ana Elisa Castro Sotos, Patrick Onghena, Lieven Verschaffel, Wim Van
Dororen, Wim Van de Noortgate (2006) “Attitudes Toward Statistics and Their
Relationship with Short- and Long-Term Exam Results”, The Journal of Statistics
Education Volume 14, Number 3.
Sanders Patricia and Gosenpud (1986) “ Perceived Instructor Enthusiasm and Student
Achievement” Developments in Business Simulation & Experimental Exercises,
Volume 13, 1986. http://sbaweb.wayne.edu/~absel/bkl/vol13/13al.pdf
Taylor W. Acee, Claire Ellen Weinstein (2010), “Effects of a Value-Reappraisal
Intervention on Statistics Students’ Motivation and Performance”, The Journal of
Experimental Education, 2010, 78, 487–512, Taylor & Francis Group LLC ISSN:
0022–0973.
Zimmer, J Christopher; Fuller, Dana K . “Factors Affecting Undergraduate Performance
in Statistics: A Review of Literature” November 1996, Paper presented at the Annual
Meeting of the Mid-South Educational Research Association (Tuscaloosa, AL).

64

Vol 5, Special Issue No. 1, 2012

T HE J OURNAL

OF

A RTS S CIENCE

AND

T ECHNOLOGY

Supporting Computer Science
Education Using Web 2.0 and
Social Software
Students’ and Lecturers’ Usage and Perception
KEMUEL GAFFAR*1 • LENANDLAR SINGH1
1

Department of Computer Science, University of Guyana

Abstract
The use of Web 2.0 and Social Software in Education have increasingly enthused
researchers in recent years. In this paper we present a comparative study on the use
of Facebook Groups to support undergraduate computer science students. Specifically,
we continue our exploration of Facebook groups for tutorial development by undergraduate computer science students. We present a comparative analysis of this study
with a previous study. Results suggest that students participated and interacted more
in the current study, compared with the previous. Evidence indicates that students
from this group were more interactive and engaged each other in the tutorial development process.
Further, we extended our study to examine students’ and lecturers’ perception of
the use of Web 2.0 and Social Networking Software (SNS) to support teaching and
learning. Feedback from students and lecturers suggest that Web 2.0 and Social Networking Technology in education is an interesting prospect and that they are likely
to integrate these technologies in teaching and learning in the near future.
Keywords: E-learning, Social Networks, Facebook Groups, Web 2.0, Computing
Education, Tutorial Development
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Introduction
Web 2.0 and Social Networking Software has transformed the way people use
the World Wide Web. “Web 2.0” came into mainstream technology speak in
2004 and is used to describe a second generation of Web-based services that
emphasizes online collaboration and sharing (Collis & Moonen, 2008). An
array of these tools have emerge since then and include Blogs Social Networking
Sites, RSS Feeds, Podcasting, Social Bookmarking and Tagging, and so on.
Ever since, Internet users have come to rely heavily on this ‘new web’ for their
communication and social needs. Web 1.0, previous ‘version’ of the web, provided largely a “one-way” communication channel between authors and consumers of web content. However, Web 2.0 allows for a new, more social, and
participatory, two-way approach to interaction. Anderson (2007) refers to Web
2.0 as “a more socially connected Web in which people can contribute as much
as they can consume”(p.4). This transformation has changed the expectations
of users and promises to support the development of many organizations if used
carefully and effectively.
In addition to the extensive ‘social’ use of these technologies, this bi-directional interaction mechanism has been explored in marketing and business and
in general across a plethora of disciplines. In more recent times Educators and
Researchers have given this technology considerable thought, and have started
the experimentation process in an attempt to discover best practices for their
use in formal educational systems. Educators believe that Social Software and
Web 2.0 are valuable tools that can be used in the academic context to support
true learning. Lee and McLoughlin (2010) have gone as far as to classify these
technologies as a new set of pedagogical tools that focuses on the creation of
content and learning experiences, as opposed to the older, static system of content consumption. Together with the wide range of Web 2.0 technologies available, educators are looking to create new opportunities for students and
instructors to collaborate and share information, exchange ideas and develop
the academic discourse. However, can these technologies truly facilitate student
learning? Can teaching be complimented or augmented by adopting these technologies? Do lecturers and students believe in these technologies and are they
ready to explore ways to incorporate them into their ‘classrooms’? The answer
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to these questions perhaps will provide the evidence that educators and
administrators are in search of and will no doubt guide their decision making
accordingly.
The primary purpose of this paper is to investigate students’ and lecturers’
usage and perception of Web 2.0 and Social Networks. We explore Faculty’s
perception of Web 2.0 technologies and elicit their views on the potential of
these tools for teaching and learning. Two (2) fundamental guiding questions
are at the center of our inquiry - (1) What are lecturers’ and students’ perception
and usage of Web 2.0 and Social Networks and (2) In what ways does a Facebook Group environment support classroom teaching and learning experiences
of students. The literature review that follows presents a background for the
study. The rest of the paper includes a description of the research methodology
followed by a presentation of the results. The paper concludes with a discussion
of the main findings, recommendations for future work and conclusions.

Literature Review
Web 2.0 – A New Definition of the Web
The emergence of Web 2.0 has brought a new dimension to the web. Users of
the Internet are no longer passive consumer entity in the online world, but
instead the World Wide Web now encourages and demands active participation
(Collins, 2009)). Web 2.0 however means different things to different people
and depending on what interpretation is adopted, users can either use these
tools effectively to support personal and professional development or continue
to merely ‘socialize’ online. O’Reilly (2005a) claims that the term has become
a marketing buzzword for many with no real understanding of its meaning (as
cited in Anderson, 2007). Marketing professionals, web technologists and educators do not always share the same perspective. A more universal definition is
explored some authors, emphasizing the emergence of user-control of their
online activities and the content and ideas they now produce. Some authors
suggest that Web 2.0 provides online users with interactive services, in which
they have control over their own data and information (Madden & Fox, 2006;
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Maloney, 2007). However, others have taken on a more technology-based
approach and view Web 2.0 as a collection of tools that affords the user a participatory role. Blogs, Social Bookmarking, Wikis, and Social Networking websites are now common place for many online visitors and “digital natives”
(Pence, 2007).
In order to fully understand the implications of Web 2.0 in education, it is
important that we understand the distinction between the “web” as a set of
technologies and tools, and “Web 2.0” as an interactive, social medium. A clear
conceptualization of the difference between these two perspectives will guide
our practices, and this perhaps may result in significant outcomes (Anderson,
2007). Emerging out of the common definitions of Web 2.0 are the themes
of “sharing”, “collaboration” and “socializing”, giving rise to the social web.
However, technically incorrect or limited these definitions may prove, the
notion of sharing, collaborating and indeed socializing have taken precedence
in the discourse of web 2.0

The Social Web
Online social networks have become increasingly popular in the last decade or
two as users look for new and more efficient ways to keep in touch with family,
friends, work and professional development. There has been an exponential
growth in the number, with over 200 such tools currently available on the web
and have gained worldwide popularity, and especially among young people
(Chan-Meetoo & Rathacharen, 2011). However, it is significant to note that
the use of social networking sites is more widespread than expected. Users that
inhabit these spaces are now coming from highly diversified demographics, educational and social backgrounds, and in general, from groups of users that are
highly heterogeneous (Mazman and Usluel, 2010).
One such Social Networking site that has become very popular is Facebook.
Featuring a number of facilities such as Walls, online profiles, photo uploads,
groups, news feeds and instant messaging; all in one common space, Facebook
has grown exponentially since its debut in 2004. It was reported that in 2008,
there were approximately 67 million active users. This number has grown sig-
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nificantly in recent times to more than 500 million active users in 2011 (Facebook Press Room, 2011). This growth has prompted many enthusiasts to speculate that social networking sites, including Facebook, will be increasingly
become useful for educational purposes and may support teaching and learning
by facilitating high levels of interaction among instructors and students.

Web 2.0 and SNS in Education
Web 2.0 was not specifically designed for Education but by design the tools
afforded encourages their candidacy for teaching and learning environments.
Evidence from research is beginning to highlight some of the potential benefits
of using Web 2.0 technologies to support true learning. Collins (2009) argues
that Web 2.0 makes it possible to individualize learning through collaboration
and innovation. Bruner (1996), Lave and Wenger (1991) and Vygotsky (1971),
approaches this idea from a Constructivist Learning Theory perspective and
suggest emphasizes that “learning is a social process and takes place through
interaction and sharing of information with each other”. This social constructivist characteristic of Web 2.0 have led many to believe that Web 2.0 can facilitate students with different learning styles and varying academic backgrounds
and may indeed fulfill the promises of Social Constructivism.
From a purely technical perspective, Web 2.0 and SNS are characterized by
their ease of use, flexibility, functionality and ubiquity. These factors lower the
barrier to entry into the Web 2.0 world, and have lead many into speculating
that Web 2.0 and social networking sites have tremendous potential for education. The overarching claim is that “social network sites support collaborative
learning, engage individuals in critical thinking, enhance communication and
writing skills through activating members work in personalized environments”
(Ajjan & Hartshorne, 2008; Lockyer & Patterson, 2008).
However, empirical research on the use of Web 2.0 and SNS in education is
limited at this stage and evidence of their usefulness is largely inconclusive. Nevertheless, some notable ‘experiments’ have been conducted. Faculty’s and students’ perception, and decisions to adopt and use these technologies to support
teaching and learning, were investigated by Ajjan & Hartshorne (2008). Using
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the Decomposed Theory of Planned Behavior (DTPB), they found that,
although teachers are aware of the potential benefits of Web 2.0; improving
student learning, facilitating information sharing, peer collaboration and student satisfaction, few use Web 2.0 in the classroom. Further, results from the
study, which surveyed 136 teaching staff from a US university, indicate that
the attitudes of faculty and their perceived behavioral control (self-efficacy and
facilitating conditions to use technology) are strong predictors of their intention
to use Web 2.0.
Swapna (2009) investigated undergraduate student’s perception and their
views on the usefulness of Web 2.0 in Higher Education. Forty seven (47)
undergraduate students from various disciplines at the University of Florida
were surveyed using a focus group and a pilot survey. Results suggest that even
though Web 2.0 was not well understood by students, a positive disposition to
specific Web 2.0 technologies (blogs, podcast and document sharing) was exhibited. However, students viewed social networking sites as unsuitable or not useful for teaching or learning. Similar results were reported in a study by O’Rawe
(2010). Students felt that Facebook should only be used for “social purposes”.
Perception of the usefulness of any technologies is an important indicator of
adoption attitudes of potential users. Swapna (2009) suggests that students’
perception of Web 2.0 (and SNS) technologies is a crucial factor that must be
considered by educators when moving towards the new pedagogy of Web 2.0.
However, accurately measuring perception of usefulness is equally important.
Levy and Hadar (2008) suggests that a possible approach to determine students’
perception of Web 2.0 technologies to support learning is through a hands-on
method – by introducing students to Web 2.0 in the classroom. They experimented with 23 MBA students in a Knowledge Management course, using a
case study approach. Applying a constructivist perspective in a Web 2.0 environment, together a blended learning technique, they supplemented face-toface meetings with online sessions using social networking. The perception and
attitudes of the students, reflected in the work done on the social networking
site indicate that the MBA students were not very aware of the concept of Web
2.0. This is similar to what was reported by Swapna (2009). However, students
were positive about using Web 2.0 applications, as this was evident from their
feedback on the forum provided. The authors suggest that learning while expe70
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riencing Web 2.0 tools enables students to realize the benefits and break down
the barriers of Web 2.0 utilization. This hands-on method suggests that a practical pedagogical approach may have merit and explored further.

Educational Prospects of Facebook
A number of authors have indicated that their choice of Facebook from among
the various Social Networking Sites for ‘experimentation’ hinges mainly on the
fact that its use is widespread amongst students and that many students are
already active Facebook users (Bumgarner, 2007). Others have supported this
argument, indicating that its functionalities and capabilities render it suitable
for education (Mazman & Usluel, 2010). They further noted that Facebook is
considered an educational tool because of its capacity to enable peer feedback,
affordance and goodness of fit with social context, and because it is an interaction tool (Mason, 2006 as cited in Mazman & Usluel, 2010), and on the
“account of the fact that the students constantly used Facebook” (Kayri and
Cakir, 2010).
Kabilan, Ahmad and Abidin (2010) however caution that empirical research
and anecdotal evidence is still very minimal and have disclosed both positive
and negative impacts from the use of Facebook for learning. De Villiers (2010)
referred to Facebook as a “powerful, pull-force tool” that may be used “meaningfully in an academic context to support true learning”, (p.173) and experimented with an optional Facebook Group to support discussions on defined
topics in a post-graduate distance-learning class. Using Henri’s (1992) model
of an analytic framework for categorizing transcripts of online asynchronous
discussion groups, with dimensions of participation and interaction, De Villiers
(2010) found that students appreciated the interaction with other students and
that communication allowed students that never saw each other face-to-face,
build relationships. Results from the study also indicate that involvement on
the Facebook Group did contribute to learning, but learning was not limited
to subject content per se. Students engaged in other areas of discourse/ This
aligns with Ebner (2007) concept of “e-Learning 2.0” – a variant of Web 2.0
(as cited in De Villiers, 2010, p.172) -a type of learning system where students
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actively contribute to content and idea development. The study further reveals
varying perceptions about the use of a Facebook group to support teaching and
learning. “Facebook is not for me”, remarked one student but others viewed
the group as a “novel approach”, suggesting that “undergraduates would find
it more fun”.
Similar results were reported in a study by Visagie and De Villiers (2010).
They explored a Facebook Group to support Information Systems and Computer Science students in five (5) different countries. Results indicate limited
interaction among students and with varying levels across the different countries. There was also evidence that only a small number of lecturers viewed Facebook as an academic tool.
Mazman and Usluel (2010) studied the educational usage of Facebook using
a structural equation model approach. Using an online survey of more than
600 Facebook users, they observed “usefulness, ease of use, social influence,
facilitating conditions and community identity” as factors that are likely to render Facebook useful for adoption. They claim that “usefulness as perceived by
Facebook users” is one of the major reasons for the rapid adoption of Facebook
and the steady increase in the number of users. They claim that user perception
of Facebook also contributed to these outcomes. Further, they noted that user
perceptions of Facebook and SNS is not an adequate measure of actual use in
educational contexts and that future studies should aim to explore “different
aspects and dimensions of social network sites like Facebook”. Future work
should perhaps therefore evaluate the full potential of Web 2.0 and social networking sites through in-depth studies across various academic environments,
demographics and cultural contexts.
Singh and Gaffar (2011) examined the use of a Facebook group to facilitate
interactive tutorial development in an undergraduate course in computer science. Interactive tutorials are different from traditional tutorials in that they
are developed over a longer period of time and provide a space for participants
to interact with, and contribute to the development of the tutorial. In this configuration, everyone helps to develop the tutorial and is rewarded accordingly.
Web 2.0 technologies facilitate this type of pedagogy. Results from this study
indicated that students did not engage with the Facebook group, did not find
it as useful and it may not have supported learning as they expected. This was
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evident from their limited interaction with the tool and with each other during
the tutorial development. However, there was a positive correlation between
the overall grades of students in the course and their Facebook activity. The
presence of other “facilitating conditions” as noted by Mazman and Usluel
(2010), might have influenced this observation. Findings therefore are tentative
and inconclusive at best and further studies should involve larger samples, different statistical techniques for analysis and be conducted across various sociocultural settings. The authors also suggest that studies should aim at
determining students’ perception and attitudes towards Facebook and other
social networking platforms (Singh & Gaffar, 2011).
The potential of Web 2.0 and SNS are well documented in the literature.
However, the review identified only a limited number of empirical studies to
support the use of Web 2.0 and social networking software in education; indicating that there’s a gap in what is believed and what actually obtains. Ajjan
and Hartshorne (2008) suggested that in order to identify effective ways of utilizing these technologies in education, more empirical research is necessary. In
addition to the facilitating technologies, lecturers and teachers are equally
important in the adoption process. So far, a limited number of studies investigated teachers and lecturers perception and use of Web 2.0. The survey reported
in this paper is an attempt to provide further notes on lecturers’ perception of
Web 2.0 and social networks and their potential as teaching and learning tools.

Methodology
This study was done in two (2) parts. Part 1 utilized a Facebook Group for students’ tutorial development, followed by a post-tutorial questionnaire. Part 2
utilizes a web survey to evaluate usage and perception was administered to teaching staff at the University of Guyana.
Facebook Group
A closed Facebook Group (http://www.facebook.com/group.php?gid=12333
9314384630) was set up at the beginning of the course CSI 213 – Networking
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for Microcomputers. All 15 students in the class were invited to join the group
on day 3. All of the students were already registered Facebook users and
included 9 males and 6 females. Each member was asked to join using a Facebook group invitation.
Students selected topics to develop their tutorials from the CSI 213 course
outline. The topic selected had to be approved by the course leader. Guidelines
for the development of the tutorial were outlined and posted on the Group
‘Info’ page. In addition to posting their own contribution, students were
allowed to interact with other students’ tutorials by asking questions, making
comments and posting responses to questions asked of their tutorial topic discussion. Students were expected to respond to questions in their tutorials asked
by other students or to questions posed by the three moderators. The three
moderators were the course instructor (lead researcher) and two other members;
the co-researcher and a support staff.
Tutorial development extended for 13 weeks. On a weekly basis, the
researchers interacted with the participants, provided encouragement, posted
questions, gave feedback and noted general observations. The group was closed
for assessment in week 15. Data on number of posts, number or comments
to other students’ posts, and number of questions asked and answered were
collected. The quality and relevance of posts and comments were assessed. In
addition, the appropriateness and accuracy of students’ responses to questions,
as well as use of relevant sources and proper citation, were recorded. Similar
metrics were used in a previous study by Singh and Gaffar (2011).
The tutorial assessment was graded and a weighting of 5% of overall course
grade was assigned, with proportions of 30% for number of posts, 20% for
quality of posts, 30% for correctness of responses and another 20% for use of
relevant sources and citation (Singh & Gaffar, 2011). Students were notified
about the assessment criteria at the beginning of the semester.

Post Tutorial Questionnaire
We administered a post-study questionnaire (http://kwiksurveys.com?u=
CSI213) at the end of the course. This survey captured Internet access usage
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patterns, use of Web 2.0 in general, and in particular, opinion and impact of
Facebook Groups on their tutorial development activity and learning. The questionnaire was designed and administered using a free online survey tool
(www.kwiksurveys.com). Internet access at the computer laboratory on the university campus was provided for students to complete the questionnaire.

Lecturers’ Survey

Participants
In order to assess lecturers usage, intention to use, and current knowledge of
Web 2.0 and social software, as teaching and learning tools, a web survey
(http://www.kwiksurveys.com?u=uglecturersurvey) was conducted within a 2week period via email invitation. The participants in this study consisted of all
the 247 members of the University of Guyana teaching staff. Participation in
the survey was voluntary. Email addresses for each participant was obtained
from the University of Guyana, Personnel Division’s email list of staff members.
Two reminders were sent; one on day 5 and other on day 10 after survey was
administered.
Of the 247 invited participants, 53 responded (21.5%) with 45(18.3%) completed responses and 8 (3.2%) incomplete. Table 1 provides a descriptive profile
of respondents.

Instrument
A 15-question 50-item web survey was designed and administered. This survey
consisted of 7 sections. Items were adopted from a previous study (Ajjan &
Hartshorne, 2008). The alpha reliability coefficient of these items was between
0.67 and 0.98 as noted by the authors. The focus of each section are as follows
(1) demographic data (2) internet usage (3) use of web 2.0 in teaching (4)
planned use/behavioral intention (5) perceived usefulness (6) self-efficacy and
(7) actual usage and behavior.
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Table 1: Profile of Respondents

Variable
Gender
Age

Designation

Category

Frequency

Response Rate (%)

25
27
9
10
6
6
22
9
31
11

48.1
59.9
17
18.9
11.3
11.3
41.5
17.3
59.6
21.2

0
0
1
4

0
0
1.9
7.6

1
12
1
25
10
0

1.9
22.6
1.9
47.2
18.9
0

Male
Female
20–25
26–30
31–35
36–40
Above 40
Assistant Lecturer
Lecturer 1
Lecturer 2

Senior Lecturer
Reader
Pofessor
Faculty/School Agriculture and Forestry
Earth & Environmental
Sciences
Education & Humanities
Health Sciences
NaturalSciences
Social Sciences
Technology

Results
Tutorial Discussions

Group Membership and Interaction Patterns
Fifteen (15) out of the sixteen (16) students enrolled in the course joined the
group. One student (included in the data analysis) joined the group in the latter
stages of the course and did not start a tutorial. There were different usage patterns by participants and the number of posts/comments for the course varied
greatly, from as few as 5 to as many as 57. The average number of posts per
week was 34.6, significantly higher than the numbers from our previous study.
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Comparison between numbers of Posts for the 2 Groups
There was a significant increase in the number of posts/comments when compared to the Facebook activity of our previous group (CSI 225 – Internet Computing). For example, the average number of posts per week per student in the
current group was 4.7 as compared to only 0.7 for the previous group. Moderator’s interaction was not significantly different for the 2 groups (2.0 and 2.1
for the previous and current groups respectively). Table 2 and Figure 1 both
present a comparison. Total interaction refers to all activities on the group such
as adding a post, making a comment, uploading a picture or asking or answering
a question.
Table 2: Comparison of Facebook Activity for the 2 Groups
No of
posts

No of
Comments

No of posts
per week

No of
questions asked

No of questions
answered

No of
moderator posts

Total
interactions

Group

Pre

Cur

Pre

Cur

Pre

Cur

Pre

Cur

Pre

Cur

Pre

Cur

Pre

Cur

Total

62

152

8

75

5.83

30.7

9

70

20

72

23

31

126

400

Pre = Previous group; Cur = Current group

Figure 1: Facebook Activity Comparison for the 2 Groups
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Facebook Interaction by Gender
Unlike the previous Facebook group (Singh & Gaffar, 2011), the number of
posts by gender differed significantly with males averaging 7.3 and females averaging 13.2 (p = 0.025), almost twice the mean for males. However, there was
no significant differences between the number of questions students asked
(p = 0.810). However, females answered significantly more questions than males
(p = 0.022). Table 3 shows the Facebook group activity by gender.
Table 3: Facebook Interaction by Gender
No of posts

No of
comments

No of posts
per week

No of
questions
asked

No of
questions
answered

No of
moderator
posts

Total
interactions

Marks (/7)

Percentage
achieved

Group
(Avg)

Pre

Cur

Pre

Cur

Pre

Cur

Pre

Cur

Pre

Cur

Pre

Cur

Pre

Cur

Pre

Cur

Pre

Cur

Male

5.4

7.3

1.4

4.6

0.6

1.5

1.6

4.1

2

3

2.4

1.2

13

20.2

4.4

4.3

62.9

61.4

Female

5.8

13.2

0.2

4.8

0.5

0.2

0.2

4.8

2.2

7

1.8

3.2

10.2

33

4.3

6.9

61.4

98.6

Pre = Previous group; Cur = Current group

Assessment Results
Facebook Assessment Scores
The average score obtained from the Facebook group assessment was 5.3/7
(76%), higher than the average percentage mark for the previous group (61%)
but not significant (p = 0.091).

Relationship between Facebook Assessment Scores and Overall Grades
The final score for the current group comprised of coursework (40%) and exam
(60%). The Facebook assessment was worth 5% of the overall score.
Table 4 shows a significant difference between all participant variables across
the two groups except for the number of moderator posts.
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Table 4: Comparison of Means
Variables

Mean

Previous Group

Levene’s Test for
Equality of
Variance

Independent
Sample t-Test
(Sig p = 0.05)

Current Group

No. of own posts

5.64

9.50

0.019

0.045

No. of comments on others

0.73

4.69

0.004

0.018

No. of post per week

0.54

1.92

0.003

0.002

No. of questions asked

0.82

4.38

0.006

0.029

No. of questions answered

2.09

4.50

0.003

0.017

11.45

25.00

0.012

0.015

2.09

1.94

0.216

0.792

Total interaction
No. of moderator posts

Table 5 reveals that there’s no significant difference among the three (3)
assessment activities across the two (2) Facebook Groups even though there
were small percentage gains across all three activities for the second group.
Table 5: Comparison of Means of Assessment Scores
Variables

Mean

Previous Group

Facebook Activity

Levene’s Test for
Equality of
Variance

Independent
Samples t-Test
(p = 0.05)

Current Group

4.3/7

5.3/7

0.009

0.091

Coursework

19.8/33

21.1/33

0.511

0.488

Final Exam

33.1/60

35.5/60

0.773

0.480
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Post Study Survey

Demographic Data and Access to Computer and Internet
A post-study questionnaire was administered to get feedback from students
about the use of the Facebook group to support tutorial discussions for the
course, and to gather basic demographic data. Eleven (11) students (5 males
and 6 females) from the current group (of 16) responded to the post-tutorial
survey. 73% of the respondents were between 15 and 19 years old while the
remaining 27% were 20-24 of age. Ten (10) of the respondents claimed to have
their own computers while 8 (73%) had Internet access at home during the 13week period. However, most of the participants (78%) had dial-up Internet
connections. Half of the group claimed to have accessed the Internet at school
(compared to 29% from the previous group); while a small percentage (12%)
had access to the Internet at work.

Internet and SNS Usage Patterns
The survey revealed that 73% of the students spend at least 2 hours per day on
the Internet with 27% of this group spending 2–4 hours per day and the
remaining 73% spending more than 4 hours per day. All of the students claim
to use social networking sites, email, and chat while 91% claim to use the Internet for reading and research. Social networking sites used by respondents
included Facebook (100%), Hi5 (58%), Twitter (25%) and MySpace (17%).

Facebook Usage
More than half of the group of students (approximately 64%) disclosed that
they access their Facebook account more than once per day. When asked about
the number of posts / comments added per session, 5 students claim to add
2–5, 4 students added less than 2 and 2 students added more than 5. All of the
respondents claim to use Facebook to socialize, in particular, to keep in touch
with people that they know. Approximately 23% of the group used Facebook
to get support from peers and 26% used it to meet interesting people. 8 out of
the 11 participants said they used Facebook for information seeking mostly for
getting information about off-campus and on-campus events, to read local and
international news and to get information about others.
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Opinions of the Facebook Group
All of the respondents claim that the Facebook group helped then to better
understand concepts taught in class. When asked whether they believe their
questions were answered appropriately on the discussion forum, most students
(90%) were positive, 1 student said no and 1 student did not provide a response.
One student claimed that he/she felt intimidated by the moderators’ questions.
All of the students had positive dispositions of the Facebook group being an
appropriate tool for tutorial discussions and most of the students claimed that
they were encouraged to develop their tutorials.
Two students were of the view that the “openness” of the group to other students may have affected their participation. When asked about their confidence
in using the Facebook group to develop their tutorials, 91% stated that they
were confident enough to interact with their colleagues and the moderators,
80% felt confident enough to ask questions while 90% claimed that they were
confident in responding to questions. 4 out of the 11 students were of the opinion that the group should have been restricted to the students and course
instructor, stating that, for example, “it makes me feel more comfortable in discussing my topic”, or “outside persons may not understand my topic well to
interact”
Some students (45%) claimed that they did not find enough time to participate on the group with a third of the respondents stating that their discussions
were limited because they did not adequately research their topics. A few students claimed that the consistency of their posts / comments in developing their
tutorials were affected because they were either fearful of asking or answering
questions (10%), or not motivated to use the group (10%). One student was
of the view that he/she was “just lazy and didn’t care to contribute”.
Students related both positive and negative outcomes of the Facebook
Group. 67% supported the idea that reading through the tutorials of others has
helped them understand concepts better, while 33% claimed that the group
motivated them to learn more about their individual topics. One student stated
that “learning from peers is fun and interesting”.
When asked to compared the method of tutorial discussion with traditional
approaches students related that “this is more helpful as you can research topics
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before you post”, or “in class we are limited to the responses of instructors”, or
“there are no fears from peers laughing at you when you say something wrong”.
One student stated that because Facebook is one of the most widely used social
networks by students, they are motivated to learn. Other view included “this
method takes away the nervousness that students usually have when participating in oral discussions”, or “they [the online tutorials] were boring”.

Usefulness of Facebook for Teaching/Learning
Students were asked to comment on their view of the usefulness of Facebook
for Teaching/Learning. Some students stated that Facebook and other SNS
makes learning outside of the classroom possible and it is convenient since most
students are Facebook users. Others were of the view that group discussions are
useful when preparing for examinations. One student revealed that the use of
the Facebook group made him/her better appreciate the Internet for research.
Other comments included “Facebook helped me to socialize with my colleagues
and the moderators” or “this tool is ideal since it makes it easier for lecturers to
control and monitor discussions”.

Perceptions of the Negative Effects of Facebook
Students related that Facebook can have negative effects. Some opined that
“persons can spend too much time online”, or “the Facebook notifications and
chat windows can be distracting when reading through posts”. Other comments
included “it is addictive”, and “conversations outside of the discussion sometimes cause me to lose interest”. One student was of the view that delayed feedback in tutorial questions/answers can be frustrating.

Lecturers’ Survey on Web 2.0
Access to and Use of the Internet
The survey revealed that 88% of the 53 respondents have Internet access at
home or at work. All of the respondents use email, with 85% accessing their
emails daily, 13% weekly, and 2% once per month. 94% claimed to use the
Internet for browsing with the majority (86%) browsing daily. Socializing and
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chatting accounted for 74% and 85% respectively but less than half of the users
(45% and 33% respectively) indulge on a daily basis. 96% claim to use the
Internet for research with the majority (63%) doing this daily. 44 of the 53
respondents (83%) stated that they used the Internet in their teaching (14 daily,
20 weekly and 4 monthly).

Use of Web 2.0 in Teaching
When asked about their use of specific Web 2.0 technologies, for general use,
Facebook accounted for the largest number (77%) with levels of use of 19%
“rarely use”, 11% “novice”, 40% “competent” and 13% “professional”. The
next most popular Web 2.0 technology was Instant Messaging (77%), followed
by Skype (74%) then You Tube (72%), with the majority of respondents claiming to be competent users of these. More than half of the respondents indicated
that they have never used Tagged, Twitter, My Space, Social Bookmarking,
Blogs or Flickr. One participant indicated that he/she used JoinMe.com
(www.joinme.com), a free online meeting and screen-sharing tool.
Table 6: Lecturer’s Use of Specific Web 2.0 Technologies in Specific Aspects of Teaching
Please indicate which Web 2.0 you use for facilitating your teaching and what aspects are used
Lectures Tutorials

Discus- Share AnnounceFeedback Responses
sion Material ments

Facebook
Twitter
My Space
Tagged
You Tube
Blogs
Wikis

0%
0%
0%
0%
37%
13%
14%

4%
0%
0%
0%
16%
13%
14%

29%
0%
0%
0%
11%
25%
14%

21%
50%
0%
100%
37%
13%
29%

25%
50%
0%
0%
0%
25%
14%

21%
0%
0%
0%
0%
13%
14%

24
2
0
1
19
8
7

Social
Bookmarking

0%

100%

0%

0%

0%

0%

1

Instant
Messaging
Skype
Flicker

0%
8%
0%

4%
8%
25%

26%
58%
0%

15%
8%
75%

41%
8%
0%

15%
8%
0%

27
12
4

Vol 5, Special Issue No. 1, 2012

83

JOURNAL

OF

A RTS S C IEN C E

AND

TECHNOLOGY

Lecturers related their use of these specific technologies to facilitate various
aspects of teaching. The most popular of the technologies used in this manner
was instant messaging (51%), mainly for announcements (41%) and discussion
(26%). You Tube was identified as the next most used technology for teaching,
particularly for lectures and for sharing materials. Yahoo Groups were used by
two lecturers, mainly for sharing materials, making announcements and sending
reminders. Table 6 summarizes the responses from lecturers on their use of
Web 2.0 technologies for teaching.

Planned Use / Behavioral Intentions
When asked about their plans to integrate Web 2.0 technologies in the classroom in the near future, the majority of faculty respondents were positive (64%)
with 51% hoping to use these technologies within the next semester. Some of
the respondents (27%) were not sure whether they want to use Web 2.0 technologies for teaching/learning in the near future.

Discussion and Implication
Students’ Use of the Facebook Group
Technology has become an integral part of education and its use to support
teaching and learning has increased rapidly over the last decades. Web 2.0 and
SNSs are one such group of technologies. They provide the tools and configurations that may help foster interaction and engagement among students and
between students and teachers. The need to explore how these technologies can
really influence teaching and learning is vitally important. Research has already
shown that students use technology to communicate access course content and
conduct research (Maloney, 2007).
The Facebook group for this study reported a higher level of activity by students compared with the group from the previous study (Singh & Gaffar, 2011)
as seen from graph 1. Although there is a significant difference between the
means of the two (2) groups on all students metrics used (table 4), the assess84
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ment scores were not significantly different between the two (2) groups
(table 5). However, the high level of interaction may result in other types of
implicit learning not assessed entirely in this tutorial (Dawley, 2009; Ebner,
2007; Hartshorne & Ajjan, 2009). The results are tentative and need further
research.
Explaining the higher level of interaction in this group is important. So then
what else might help to explain the difference in interaction levels among the
two groups? We believe that factors may include, but not limited to: (1) Time
spent online – this group appear to spend more time online, perhaps explained
by the larger percentage of students’ having access to the Internet at home. (2)
There was also an increased use of Facebook. This could very well account for
the increased interaction. However, academic performance, as measured, did
not significantly improve. Increased interaction did not necessarily resulted in
an increase in quality of posts. Posts and comments that are poor in quality
may not contribute to learning in a way currently assessed by the researchers
but may lead to other types of learning (Dawley, 2009; Ebner, 2007). However,
poor quality posts and comments could be misleading and may hinder the discussion process. However, we cannot account for this since students were
guided in the use of the Facebook’s group features but their content of their
discussions were not strictly monitored.
It is also likely that (3) Subject area may have influenced the interaction levels. This group’s discussions were centered around Computer Networking
whereas the previous group focused on Internet Technologies. This needs further investigation. The following areas (4) Familiarity (5) Motivation (6) Peer
Group Relationships, are also potentially impact areas that should be explored
to provide a richer discourse on Web 2.0 in education. This study has uncovered a different pattern from what was expected and has therefore pointed to
various areas for future research.
The post-study survey highlighted students’ reluctance to ask and answer
questions because they felt fearful about answering questions. However, students indicated positively their interest in reading posts and comments of other
students, claiming that it is “fun and interesting”. This perhaps suggest that
students still prefer a less-moderated and structured environment; one that is
less-controlled and more user-initiated and self-developed (Reynard, 2008).
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Lecturers’ Perception of Web 2.0
Lecturers’ comfort level, belief, and general familiarity and usage of Web 2.0
technologies appear to be a determining factor of how they perceive these technologies for improving their own pedagogy. Although the results indicate that
many lecturers use Web 2.0 technologies on a daily basis for supporting some
aspect of teaching and learning, usage is mostly limited to communication with
students. This may be a result of their understanding of the potential of such
technologies of limited self-efficacy in their use, especially for educational purposes. Similar results were evident from the study by Ajjan and Hartshorne
(2008).
Tentatively, it appears that educators’ ‘belief in the value of Web 2.0’, is an
indicator of their intention to use Web 2.0. An interesting observation from
our findings is the high level of neutral responses. This suggests that there may
be some uncertainty as to actually how Web 2.0 can be used to support their
teaching activities. At the moment, courses taught by these lecturers are
expected to be conducted pre-dominantly offline and using traditional methods.
With little or no training provided, together with uncertainty about Web 2.0
and SNSs, lecturers may still be reluctant to move some aspects of their work
online. This is perhaps explained partially by Kistow (2010), who noted that
lecturers believe that they should be trained to use new technologies in their
classroom.
The survey results also indicated a general low usage level of Web 2.0 and
SNSs for teaching and learning. This may be a result of their own usage levels
of these sites (table 6). It is unclear what may have contributed to this limited
update of Web 2.0 and SNSs by academic staff. Writers suggest that limited
use of social networking sites by teachers may be a result of the controversial
nature of such sites (Luo, 2009), concerns of privacy (Boon & Sinclair, 2009),
reluctance in building an online social identity, among other factors.
Generally, lecturers believed that the use of Web 2.0 can improve learning
outcomes of students even though there appears to be some level of doubt as
indicated from the high percentage of neutral responses. The positive disposition of educators in using Web 2.0 to improve the performance of students is
promising. This is interesting since lecturers surveyed generally have limited
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experience with these technologies. This perception and belief is very important
for educational institutions and suggests that perhaps if educators are provided
with the right support to use these technologies and are exposed to their pedagogical potentials, they may adopt them effectively in the classroom.

Conclusion
Web 2.0 and Social Networking Sites are used by heterogeneous groups. Users
of different age groups, gender, social status and cultural orientation all inhabit
these spaces. By nature, these technologies have the potential to allow ubiquitous participating online, allowing people to effectively and efficiently communicate and share information. With the increased use and growing popularity
of these tools, researchers around the globe are investigating the transformative
impact of these technologies. Of particular interest to educators and researchers
alike is the potential of Web 2.0 and social software in education. Web 2.0 and
social software has been found to be useful in providing a rich and interactive
medium for exchange between students and teachers. However, in order to fully
understand the extent and nature of their adoption, their perceived usefulness,
is crucial in the eyes of both instructors and students.
This paper describes a two-part study involving (1) a comparative analysis
of the educational usage of Facebook groups by two student cohorts at the University of Guyana and a report of their perceptions of these technologies, and
(2) a study of the usage and perception of Web 2.0 by lecturers. The results
indicate that the levels of participation and the patterns of interaction varied
significantly between the two groups of students. There were significantly
higher activity levels by students participating in the second group.
Tentatively, it is suggested that the second group’s engagement in the tutorial
development process may be a result of their time spent on the Internet, in particular Facebook, and their general perception of the usefulness and positive
attitudes towards this technology to support their own learning, or to improve
their performance. However, many other factors may have influenced the outcome. These may include, but are not limited to, subject area, familiarity, motivation and peer-group relationships, all of which provide scope for future
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research. A striking observation from our findings, however, was that the
increased participation on the Facebook Groups did not produce significantly
different results in student performance. The researchers suggest that increased
usage do not mean enhanced quality of usage, and identified this as an area for
further investigation.
Evidence from the survey of the usage and perception of Web 2.0 by faculty
suggests that Web 2.0 technologies are used widely, but seldom in their teaching. This may be linked to educators’ belief in the usefulness of Web 2.0, their
comfort level and familiarity with these tools, and their general perception of
Web 2.0 to transform or enhance their own pedagogical skills and competence.
The findings also indicate a high level of uncertainty about Web 2.0 and their
usefulness by staff which may help to explain their limited usage levels. Further
exploration of academics’ belief in these technologies is crucial as the high levels
of inexperience with Web 2.0 tools may have resulted in their reluctance to use
them. One area of importance therefore is training in the use of these technologies to support teaching and learning.
For Web 2.0 to become mainstream, institutions must identify value areas
and make provisions for experimentation with Web 2.0. This will help to determine the best ways they can be adopted for educational contexts. Institutions
should foster the growth and development of these technologies across their
courses and programs and promote their usage among educators and students
by providing the necessary infrastructure, and by developing policies to govern
their use. Further research should engage larger groups, different social networking platforms and configurations, and various Web 2.0 tools. Studies
should encompass various settings of gender, socio-cultural backgrounds,
academic levels and pedagogy.
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Abstract
The Guyana coastline is a narrow strip of land of varying width that stretches
approximately 425km from the Waini River to the Corentyne River. Over time the
mangrove belt has been severely depleted but the natural cycle of erosion and recovery
and mangrove degradation are not fully understood. Recently there have been concerted efforts to include climate change considerations in public policy. This has been
enshrined in the Low-Carbon Development Strategy wherein there is a central focus
on forest conservation, including the protection of the mangroves along the coast and
estuaries. Policy decisions and detailed studies on adaptations to the adverse effects
of climate change are required.
The New National Mangrove Management action Plan has the rehabilitation
and replanting of mangroves along coastal areas of Guyana as one of its central objectives. The promotion of community involvement in mangrove nursery development
and replanting is also a major aspect of the action plan as is the promotion of new
alternative livelihood activities for communities.
The renewed interest in managing Guyana’s mangroves has led to an overall
improvement in the planning and organization of efforts regarding research and
management of Guyana’s mangroves. There is also the increased vigilance to promote
the results of such research as a means of informing policy decisions especially in the
light of climate change and the promotion of a low Carbon Development Strategy.
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Guyana: Location, Landscape and Coastal Protection
Guyana is located in the northeastern corner of South America and is divided
into five main bio-physical regions: the Low Coastal Plain, the Pre-cambrian
Lowland Region, the Pakaraima Highlands, the Southern Upland Region and
the Interior Savannahs (Figure 1).
The Coastal Plain, a narrow strip
of land of varying width, between
26km-77km, is about 1.4m below
mean high tide levels and stretches
approximately 425km from the
Waini River to the Corentyne River.
This flat low-lying coastal region
consists of natural and man-made
sea-defences, mud banks, mangroves
and sand flats all of which serve to
protect the coast from inundation
and flooding (Daniel, 1990).
Together with an extensive drainage, irrigation and flood control network, the sea defences make the
Figure 1: Bio-physical regions in Guyana
coast habitable and cultivable. However, inspite of these protective
features, most coastal areas are still prone to flooding and are very likely to be
affected by sea level rise. The coast is a major population centre since more than
ninety percent of the population of Guyana live along the coastal plain. This
area is considered by many to be economically and socially the most important
region. Guyana therefore cannot afford to ignore the threat of inundation if
coastal protective structures fail.
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Sea and river defences: complex and costly
The Sea and River Defence Policy that was approved by Cabinet in 1999 considers the sea defences in Guyana to be made up of three pillars: man-made and
natural defences, drainage and irrigation and conservancy dams. The country’s
sea defences is in a poor state and in many areas it may even be considered to
be in critical condition. Given the fact that much of the country’s economic
and social infrastructure is located on the coast sea defence breaches can be catastrophic in nature, destroying property and livelihoods in populated areas, but
also making agricultural land untenable for a decade or more due to increased
salinity of the soil.
Mangroves can and do contribute substantially to the sea defence by damping
wave action and protecting coastal areas, but more so mangroves have traditionally been a source of raw materials and a source of livelihood for many.
Mangrove conservation and rehabilitation is therefore a pillar in sea defence
policy, climate change policy and livelihood alternatives for Guyana. There are
several challenges in the management and conservation of mangroves in
Guyana: management of mangroves in Guyana is subject to complicated institutional arrangements and has never been of very high profile and therefore has
not been able in the past to attract financial or other resources for management
and conservation. Consequently, there is no continuous, systematic management and monitoring of mangrove management and conservation programmes.
Mangrove replanting and sustainability depends significantly on natural
processes. The risk is that if unsuitable sites are chosen, new plants will not be
viable and survive. It will be especially important to continue public awareness
and to increase the level of community involvement in rehabilitation, protection
and monitoring. Without this, long-term sustainability would be at serious risk.
Over the years several donors, including the EDF, IDB, IDA and CDB, have
provided over $US40 million for the reconstruction of critical sections of sea
defences. Under the 7th EDF programme which was completed in 1999, 12
million Euros were made available while for the 8th EDF programme some 20
million Euros were made available for reconstruction of 5km of critical sections
of sea defences in Region 2 and Region 3, together with a 3 million euro programme of Institutional Capacity Building Activities (ICBA) involving staff
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training, the preparation of management systems and procedures, and provision
of some hardware. The Caribbean Development Bank has also provided
$US9.04 million in loan funds for reconstruction of 2km of sea defences in
Region 5. In the frame of the 9th EDF a 17.01M Euro project for the rehabilitation and reconstruction of the sea defences is underway. This includes the
provision of technical assistance for Capacity Building and Institutional
Strengthening of the Sea Defence Sector (pers comm. Mangrove Action Committee, 2011; GOG-NMMAP).

Mangroves in Guyana: Species, Distribution and
Zonation Patterns
Guyana is endowed with forests that cover nearly 76.7% (21.5 million hectares)
of its surface area and is a mix of seasonal, dry evergreen, montane, swamp,
marsh, mixed forests and mangrove forests. Mangrove forests in Guyana are
found on different sections of the Atlantic Coast, from the Corentyne River to
the Waini River. In the past almost the entire coastline of Guyana was covered
with mangrove formations, dominated by Avicennia germinans and Fanshawe
(1954) first described Riparian Vegetation along the Berbice, Corentyne and
Canje Rivers and included mangrove forests as one of the vegetation types.
Rhizophora mangle and Avicennia nitida (Avicennia germinans) formed the major
species of the primary and secondary forest of the vegetation zones that were
described.
Most of the literature recognizes three major species of mangroves that occur
in Guyana; the black mangrove (Avicennia germinans), the red mangrove (Rhizophora mangle), and the white mangrove (Laguncalaria racemosa). Recent
research by Tom Holowell (2000) has listed Rhizophora racemosa as occurring
in the Barima-Waini region of the country. Herbarium records show a possible
fourth species, Rhizophora harisonii. While it is also reported in ‘The World’s
Mangroves 1980–2005’ that Avicennia schaueriana is also present in Guyana
FAO (2007) there is no herbarium evidence in Guyana of the presence of this
species.
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In Guyana Avicennia germinans predominates along the seaward coastal areas
whereas, Laguncularia racemosa decrease in dominance and presence on the seaward side but increase in dominance and abundance towards the landward side.
The presence of Rhizophora mangle and Rhizophora racemosa are highest along
riverine edges and declines as one proceeds toward inland areas and also along
coastal seaward areas. Monospecific stands of Avicennia germinans are found
along the seaward coast. As one moves inland the progression changes to mixed
stands of Avicennia germinans and Laguncularia racemosa. Riverine areas have
mixed stands with Rhizophora mangle and Rhizophora racemosa as the dominant
species. Figure 2 shows the distribution of mangroves in Guyana.
Over the past twenty-five years the total hectares of mangrove forest in
Guyana has shown a declining trend (FAO 2007). In recent decades, the mangrove belt has been severely depleted and it is generally assumed that natural
causes inclusive of coastal erosion, anthropogenic impacts, deterioration and
loss of groynes, increases in sea level and wave energy, harvesting for fuelwood,
tannins, cutting to reduce mosquito breeding grounds, generally unfavourable

Figure 2: Distribution of mangroves (areas in dark grey) in Guyana
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Figure 3: Declining trend in estimated mangrove cover (1980–2009)

environmental conditions and poor drainage leading to the development of
hypersaline conditions were identified as the principal factors contributing to
this depletion.
Recent analysis and estimates done by the Guyana Forestry Commission
(2011) using 2009 data has shown that the estimated coverage of mangroves
in the country is approximately 22,632 hectares (Figure 3). This is a marked
decline from the estimate of 91,000 hectares in 1980 and even of 80,000
hectares in 2005.

Value, Uses and Functions of Guyana’s Mangroves
Mangroves have always been important to the Guyanese people, providing a
range of products and services. More people are becoming aware of the role
mangroves play in cushioning the impacts of natural storm events and the
demands placed on these ecosystems by communities for daily subsistence.
Healthy intact mangrove ecosystems still provide vital goods and services to
many Guyanese and are also a source of biological productivity in terms of tannins (Figure 4), fisheries, aquaculture and forestry and are also rich in biological
diversity. Mangrove ecosystems also function as genetic reservoirs and habitats
for some migratory species. Some of the key roles played by mangroves in
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Amount of red mangrove bark harvested annually (kg)

Figure 4: Annual harvest of red mangrove bark 1998–2010. Note: No harvesting data was
reported for 2007 and the amount reported for 2010 is for the period January to June.

Guyana are given in Table 1 and consumptive and non-consumptive uses are
shown in Table 2.

Table 1: Key roles of mangroves in Guyana
Role of Mangroves

Role of Mangroves

Aquatic nurseries for offshore fisheries

Poles and construction materials

Wildlife Habitat
Coastal Protection and
Shoreline Stability

Fuel for ‘Burnt earth’ or ‘red brick’
production
Charcoal Production

Harvesting of Crabs

Fuel wood for household use.

Harvesting of Fish

Honey production

Water quality

Production of Tannins.

Carbon sequestration

Art and Craft

Recreation, Cultural Services and Tourism

Animal fodder
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Table 2: Profile of consumptive and non-consumptive uses of mangrove species in
Guyana
Use

Conumptive or
Non-conumptive use

What is Used

Mangrove
species used

Sea defence

Non-consumptive

Mangrove Habitat

Black

Nursery for fishes

Non-consumptive

Mangrove Habitat

Black, Red

Crab harvesting

Non-consumptive

Mangrove Habitat

Black, Red

Ecotourism

Non-consumptive

Mangrove Habitat

Black, Red, White

Honey Production

Non-consumptive

Mangrove Habitat

Black

Poles for fish seines

Consumptive

Stems

Black, White

Poles for fish traps

Consumptive

Stems

Black, White

Poles for fences

Consumptive

Stems

Black, White

Fuel Wood

Consumptive

Stems

Black, White, Red

Charcoal

Consumptive

Stems

Black, White, Red

Tanning

Consumptive

Bark

Red

Medicine

Consumptive

Bark

Red

Timber

Consumptive

Stems

Black, White, Red

Dock Pilings

Consumptive

Stems

Black and Red

Art and Craft

Consumptive

Stems

Black, White, Red

Fodder

Consumptive

Leaves and Fruits

Black

Mangroves and Coastal Protection in Guyana
Increasing pressure on the stability of the coastal zone, loss of protective mangrove vegetation, collapse and overtopping of existing sea defences has increased,
leading to renewed construction and rehabilitation of concrete dykes and sea
defences to offer added protection to the coast.
The essential role that mangroves play in the defence of the coastal zone,
their role in carbon sequestration, and the increased risks posed by predicted
rise in sea level and the rising cost of maintenance of the sea defense structure,
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have prompted a commitment on the part of the Government of Guyana to
promote and be actively involved in the conservation, restoration and protection
of the mangrove forest.
Currently there is a concerted effort to include climate change considerations
in public policy by the Government of Guyana. This has been enshrined in the
Low-Carbon Development Strategy wherein there is a central focus on forest
conservation, including the protection of the mangrove belts along the coasts
and estuaries. More specifically, the Sea and River Defence Policy calls
for alternative solutions to traditional hard engineering options including the
re-establishment of mangroves for effective flood defence and to protect environmental resources (NMMAP, 2010)

Climate Change and Guyana’s Mangroves
Given its peculiar characteristics the coastal zone of Guyana is an area that is
very vulnerable to the effects of climate change and related impacts such as sea
level rise. Marine ecosystems are sensitive to climate change, thus low lying
coastal wetlands in Guyana will be seriously threatened and this may lead to
habitat loss and promote inland migration of species. The prospect of creating
setbacks to accommodate the migration, and also the developing of increased
saline and higher temperature resistant species are two of several options available for planners to mitigate against the projected adverse effects of climate
change on these ecosystems (NMMAP, 2010).
The most recent flooding event of 2005 and 2011 and recent overtopping
of sea defences during spring tides in 2004 and 2010 have clearly demonstrated
the threat to coastal areas and have exposed the increasing vulnerability of the
drainage system and the shortcomings of the current infrastructure. The most
efficient approach to deal with the threats of sea-level rise is integrated coastal
zone management. This must include a master plan for sea defence management and measures to reduce human stresses on mangrove ecosystems (Dalrymple, 2004). While there have not been much research on the impact of sea
level rise on Guyana’s mangroves, if one is to extrapolate from other studies it
is obvious that there will be losses in Guyana’s mangrove forests. The impact is
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likely to be greater where anthropogenic and other factors have already affected
mangroves. The capacity of mangroves to adapt to sea-level rises by landward
migration will be severely hindered if human activities continue to reduce the
land area over which mangroves can expand. Some potential impacts on
Guyana’s mangrove ecosystems and associated biodiversity as a result of climate
change will include: change in extent and composition of mangroves, salt water
intrusion in coastal areas, loss of coastal mangroves, loss of habitats, inundation
of coastal wetlands, erosion and change in beach profiles, flooding and storm
damage and impacts on commercial and subsistence fisheries.
Guyana’s greatest vulnerability to climate change therefore, is the risk of flooding and inundation deriving from sea level rise in the coastal zone. Most of
Guyana’s population and economic activities are concentrated in this narrow,
fragile, and currently stressed zone. The area is already, for the most part, below
the high tide water level. Policy decisions, backed by detailed studies into the
response mechanisms required to adapt to the adverse effects of climate change,
are required. These decisions ought to address the direction in which development in the coastal zone development will proceed in the future. The big question that will have to be answered is, should coastal Guyanese accommodate,
protect or retreat?

A Low Carbon Development Strategy
The Government of Guyana has embarked on a national programme that aims
to protect and maintain all forests in an effort to reduce global carbon emissions
and at the same time attract resources to foster growth and development along
a low carbon emissions path. There has been a relatively low deforestation rate
in Guyana estimated at 0.1% to 0.3% per annum; that is expected to be maintained or reduced in the future depending on financial incentive provided.
Guyana is committed to provide a contribution to address the second most
important source of carbon dioxide emissions world-wide coming from deforestation and forest degradation and is estimated at approximately 18% of global
emissions.
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The Governments of Guyana and Norway, through a cooperation agreement, have expressed a willingness to work together to provide the world with
a relevant, replicable model for how REDD-plus can align the development
objectives of forest countries with the world’s need to combat climate change.
The initiative will require the development of capacities for monitoring, reporting and verification (MRV) of forest carbon stocks and changes. Thus, climate
change mitigation activities currently under discussion seek to encourage the
long-term conservation of forests to maintain its current or natural carbon reservoir, change the impact of human activities in forests to stabilize or increase
terrestrial carbon stocks in the long-term and promote a change in current
anthropogenic activities towards reforestation to increase the terrestrial carbon
sink.

Guyana Mangrove Restoration Project and Alternative
Livelihoods
Much of the extractive uses that are provided by mangroves in Guyana (Table
3) support income earning and subsistence livelihood activities for individuals
and communities. Given the nature of some of these activities it is recognized
that there is the potential for them to be unsustainable if these activities are not
managed properly.
Through the Guyana Mangrove Restoration Project (GMRP) which was
launched in February 2010 and funded by the Government of Guyana and the
European Union, the Government of Guyana seeks to: abate climate change
through carbon sequestration, reforestation and forest preservation and mitigate
the effect of climate change on the sea defence structures and biodiversity. The
project was conceived under the European Union’s Global Climate Change
Alliance Programme, linked to sustainable coastal zone management. The project is managed by the Mangrove Action Committee (MAC) within the Climate
Change and Agricultural Adaptation Unit of the National Agricultural Research
and Extension Institute (NAREI) of the Ministry of Agriculture. The MAC is
made up of representatives of national agencies and institutions.
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Table 3: Extractive uses of mangroves in Guyana (After Allan, Williams, Adrian, 2002)
Adminis- Community
trative
Region

1

Morrowhanna

2

Essequibo Coast

Bark
Tannins

Pomeroon
3

Vreed-en-Hoop

4

Mon Repos

5

Mahaicony
Lancaster
Foulis
Unity
Better Hope

6

# 43 Village
# 52 Village
# 56 Village
Chesney Dam
# 66 Village
# 79 Village

■

Seine
Poles

■
■

Charcoal

■

■

■

Fence
Poles

■

■

■

■

■

■

■

■
■

■
■

Crab and
Fish Traps

■

Burnt
Earth

■

■

■

■

■
■

Fuel
wood

■

■

The objectives of the GMRP are:
•

To establish the administrative capacity for the management of mangroves
in Guyana.

•

To promote sustainable management of mangrove forests.

•

To establish and complete a legal framework for mangrove ecosystem management which encourages community based participation.

•

To support research and development of Guyana’s mangrove forest.

•

To develop effective protection and/or rehabilitation of mangrove
ecosystems.
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To increase public awareness and education on the benefits of mangrove
forests.

One of the first issues that was recognized was the fact that many of the
extractive uses had the potential to be unsustainable. However, one had to be
cognizant of the fact that much of the extractive activities supported a means
of livelihood for individuals. Hence, careful consideration had to be put into
addressing these issues of unsustainable practices while addressing the livelihood
issue.
In order to reduce unsustainable practices with the potential to affect the
success of the mangrove rehabilitation, management and conservation project,
alternative incomes in new areas had to be identified for resource users in the
different communities. It was also recognized that very often resource users in
the different communities were among the less fortunate, and therefore theer
was the need to develop livelihoods that will help alleviate poverty whilst at the
same time provide for environmental protection and management. Overall the
proposed actions of the mangrove action project sought to help resource users
identify and engage in alternative livelihoods and so reduce the socio-eonomic
cycle of unsustainable dependence on mangrove ecosystems.
One of the first tasks therefore was to engage in extensive campaigns to
increase the level of awareness of local communities about mangroves and the
value of mangroves. Increasing awareness of the importance of mangroves has
begun to transform communities into action oriented groups with a desire to
manage and protect the mangroves so that they can sustainably utilize the
resource and earn a living from the ecosystems.
Addressing this challenge of increasing the level of awareness and engaging
communities required that a structured approach of working with local community members be designed. This resulted in the establishment of a number
of Village Mangrove Action Committees (VMAC). Working with and through
these groups a number of alternative income earning options were explored
that included working as mangrove forest rangers, developing and promoting
a community tourism product, fishing and fish farming, bee keeping and honey
production and establishing mangrove nurseries to provide seedlings for the
mangrove rehabilitation programme.

104

Vol 5, Special Issue No. 1, 2012

Mangroves in Guyana: Status and a Means of Livelihood in Changing Climate

Engaging communities in these relatively new ideas and activities required
the provision of training. Training programmes for the effective implementation of alternative livelihood projects including tour guiding training, aspects
of bee-keeping, training for forest rangers, training on good practices in nursery
establishment and management and fish farming techniques. The response by
communities in the concept and working of the VMACs has been overwhelming. Some communities have already started reaping the rewards of some of
these initiatives. Mangrove nurseries have been established in all of the areas
where rehabilitation work is ongoing. Together all nurseries to date have supplied approximately 115,000 seedlings (each is bought by the project at a price
of G$100). At least one VMAC has established a community tourism project
using the Mangrove Nature Train Concept where the village history and the
multiple use aspect of mangrove ecosystems are central to the product. Tours
have been organized for schools and the general public. Each tourist pays for
the guided tour and these toiurs are managed by the members of the VMAC.
Tour guiding is a skill that members now have and which can be transferred to
other aspects of the emerging tourism product in Guyana.
These activities have the potential for providing long term benefits to accrue
to those who are participants and can provide positive impacts in that sustainable alternative livelihoods will provide ongoing safe and legal work for community members in project areas for generations to come. Individuals will no
longer need to engage in unsustainable practices that will harm mangrove
ecosystems. The actions that are engaged in however, will see a transformation
of communities and will enhance the conservation of mangroves. Not only will
alternative livelihoods help to reduce mangrove and environmental destruction,
they will also provide a sustainable way for communities to support their
families.

A Cry For Help: Managing Guyana’s Mangroves
Conservation and management of mangroves in Guyana is in its preliminary
stages and the current management and conservation programme focuses on
habitat rehabilitation, research and planning options to identify the most effecVol 5, Special Issue No. 1, 2012
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tive means of achieving the sustainable utilization and conservation of this
resource.
The second National Mangrove Management Plan (NMMAP) (2010) is the
most recent policy document to address the management and conservation of
mangroves in Guyana. The first NMMAP (2001) was not as successful as anticipated because of the limited financial and human resource capacities of key
agencies. Mangrove management was not assigned to one agency but was to be
managed by an integrated group of agencies. These limitations affected proper
implementation of the management plan. Based on the limitations and the
need for a new management approach the NMMAP (2010) seeks to use a
co-management approach which involves greater stakeholder and community
involvement. This approach also incorporates a greater research agenda to
inform decision making in mangrove management and conservation.
A system of collaborative coastal monitoring is another possible means of
addressing resource constraints that hinder effective monitoring in the agencies
responsible for management of mangroves. There is scope and opportunity for
improved interagency collaboration but there must be established protocols
with clearly defined responsibilities.
The overall objective of the NMMAP (2010) calls for renewed activity
regarding mangrove management in Guyana “to respond to climate change and
to mitigate its effects through the protection, rehabilitation and wise use of
Guyana’s mangrove ecosystems through processes that maintain their protective
function, values and biodiversity while meeting the socio-economic development and environmental protection needs in estuarine and coastal areas”
(NMMAP (2010).
The function of the Mangrove Action Committee (MAC) is to oversee the
progress towards meeting the goals of the Mangrove Management Action Plan.
The future of Guyana’s mangroves is of paramount importance especially with
the looming threat of global climate change. Their loss and reduction can have
grave consequences for Guyana, especially for the low lying Coastal Plain.
Effective management of mangrove forests is essential for continued biodiversity and environmental benefits to be derived. There are many stakeholders
(Table 4) in relation to mangrove management and conservation and their
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Table 4: Stakeholder agencies and their roles in mangrove management and conservation
Agency

Role

National Agricultural Research
Institution

Lead agency for the development, implementation, management and monitoring of the new
national Mangrove Management Action Plan
2010–2012.

Guyana Forestry Commission

Overall responsibility for managing State Forests.

Sea and River Defence Division

Responsible for both man-made and natural sea
defenses. Mangroves constitute a form of natural
sea defence.

Fisheries Division

Manages, regulates and promotes the sustainable
development of the nation’s fishery resources for
the benefit of the participants in the sector and
the national economy.

Environmental Protection Agency

Overall management of the environment, coordinating role in ICZM and the coastal zone.

University of Guyana

Education, research and technical advice on
issues relating to environmental and biodiversity
issues and mangrove management.

Lands and Surveys Commission,

Survey and map the land and water resources of
Guyana, to be custodians of all public lands and
administer these effectively in the national interest, and to provide land-based information to a
broad range of public and private sector entities
and interests.

The Central Housing and Planning
Authority (CHPA) of the Ministry
of Housing and Water

The CHPA plays a major role in the acquisition
and allocation of lands for housing purposes and
urban development; the design, survey and development of schemes on its own and in collaboration with various groups; the regulation of town
and country planning and the management of
government public rentals.
Table 4 continues
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Table 4: cont’d
Agency

Role

Hydrometeorological Service

The Department’s general responsibility is to
monitor and evaluate the weather and water
resources in Guyana and to actively support the
government in disaster risk management and
aeronautical, water, agriculture, engineering and
other agencies for the socio-economic development of the country. It is the official provider of
weather, water and climate information and
related products and services for Guyana.

National Drainage and
Irrigation Board

This is the nation’s apex organization dealing
with all public matters pertaining to management, improvement, extension and provision of
drainage, irrigation and flood control infrastructure and services in declared areas of the country.

Regional Democratic Councils
(RDCs) and National Democratic
Councils (NDCs)

Operates as decentralized offices of central government delivering services on its behalf. RDCs
have an oversight role with regards to the NDCs.
NDCs carry out responsibilties allocated to then
in the Local Government Act and manage at the
local level.

involvement is critical for the success of any mangrove management and conservation programme.
Having the requirement of an Environmental Impact Assessment (EIA) for
all major developmental projects under the EPA Act is a step in the right direction to safeguard coastal environments including mangrove ecosystems.
Food security in Guyana is also of paramount importance especially since
the most fertile agricultural lands are located within the low lying coast thus
there is the need to pay careful attention to mangroves and their role in coastal
protection of property, infrastructure and agricultural lands. The key to effective
management and conservation of mangroves in Guyana therefore is to first
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acknowledge their importance to the livelihoods of coastal communities. A
community involvement approach to mangrove management which seeks to
encourage communities to engage in sustainable alternative livelihood practices
is therefore relevant and timely. Protecting Guyana’s mangrove resources will
require a conscious effort by all Guyanese.

So What Can You Do To Help?
Protecting our mangrove resources will require a conscious effort by all of us.
Some of the ways in which we can contribute to ensure that our mangroves
continue to provide the goods and services for which they have become well
known include:
• Increasing your awareness of the problems and issues facing mangrove
ecosystems in Guyana.
•

Making individual choices and take steps to reduce the threats to mangroves.

•

Supporting research in mangrove ecosystems to collect data on the ecology
of the system. Remember that effective conservation and management of
mangroves must be based on sound logical and reliable ecological data.

•

Participating in the promotion of education and awareness of values of
mangroves.

•

Support legislation that protects mangroves.

•

Encouraging others to be good stewards of the environment and so protect
mangrove ecosystems.

•

Refrain from dumping garbage in mangrove areas. Litter can be toxic to
mangrove plants.

•

Avoid cutting mangrove trees just to eliminate mosquitoes. The mosquito
problem can be addressed in other more effective ways.

•

Avoid grazing animals in mangrove areas.

•

Avoid careless cutting of mangrove trees for fuel wood and poles for fishing
nets.
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•

Practice sustainable harvesting methods for tannin from the red mangrove
tree.

•

Avoid pulling boats through the mangrove forest.

•

Talking to other persons about avoiding practices that are bad for mangrove
ecosystem health.

•

Support for the review and implementation of the ICZM Action Plan

•

Supporting the implementation of the National Mangrove Management
Action Plan.
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