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Using 262 acknowledged science educators from 41 couniries, Bybee developed a scale for
measuring the ranked priorities of scientists, and others, with respect to 12 major global problems
related to science and technology in 1984. In 1993 this scale was readministered to samples of 129
undergraduate chemical engineering students at the University of Cape Town and to 76 Cape
Town science educators. High intercorrelations were obtained among the three samples’ mean
ranked priorities on the scale as a whole, over the 10-year period. Among the top six global
problems in 1984, five received consistently high overall prioritization in 1993, namely population
growth; world hunger and food resources; human health and disease; air quality and atmosphere;
and water resources. The mean ranking of war technology as a priority declined by seven places.
Important goals and issues singled out by individuals in a follow-up sample of 20 lecturers in
engineering at the University of Cape Town in 1993 included the provision of mass housing and
infrastructure, sanitation, urbanization, job creation, the abuse of high technology in
communications, technological illiteracy among decision-makers, abuse and reduction of
oceanic resources, photochemical smog, the prediction and possible control of droughts and
floods, demands on the human race of the information explosion, eleciromagnetic wave hazards
and pollution, resource depletion, education and the dissemination of knowledge, the emergence

and separation of C. P. Snow’s ‘Two Cultures’ and the myth of the peace dividend.

INTRODUCTION

RECENTLY, a new program has been developed
at the undergraduate level at the New Jersey
Institute of Technology (NJIT) for chemical
engineering students through the collaborative
efforts of three faculties, namely Chemical
Engineering; Humanities; and Science, Technol-
ogy, and Society (STS) [1]. One of the goals of this
program is to foster independent thought, a sense
of cultural and intellectual breadth, and an aware-
ness of ethical issues. In the senior courses, empha-
sis is on the importance of applying scientific
principles to identifying and solving problems such
as conservation and environmental control [1].

Many engineering problems are global in con-
cept but local in solution |2, 3]. Regional environ-
mental problems provide good illustrations.
Specific examples are: actions involving rainforests
in Brazil affecting global warming; power plant
emissions; US automobile emissions; and mitigat-
ing hazardous waste at a planned industrial park [1,
3].
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Modern engineers have a multidimensional task
in society. Their work involves meeting major
human needs, including sustainable development
and environmental protection; designing and solv-
ing problems in real situations; anticipating health
effects; and many others [1, 4, 5].

Itis in this context that the Bybee scale is a useful,
convenient and appropriate instrument for meas-
uring ranked priorities of engineers and other
groups of scientists with respect to 12 of the most
important recognized major global problems
related to science and technology [6].

BACKGROUND

This study is an enlargement and corroboration
of the consistency of the findings with a sample of
262 surveyed international science educators
reported by Bybee and Mau [6], and by Bybee and
Najafi [7] with a sample of 317 surveyed college
science students. No similar studies, however,
appear to have been carried out with samples of
undergraduate engineering students.
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OBJECTIVES
The aim of the research is to determine:

. which global STS problems remain highly
prioritized in 1993 compared with earlier
prioritizations made in 1984; and

. the significance of high rank-order correlations
occurring among samples of engineering under-
graduates, international science educators and
Cape Town science educators on the Bybee
scale.

CLARIFICATION OF TERMS

Chemical engineering is that professional field
which applies chemical and physical understand-
ing to the manufacture of materials, fuels, phar-
maceuticals, chemicals, fertilizers and foods that
together enhance the quality of life [8].
Science-technology-society (STS) is the term
applied to the latest effort to provide a real-
world context for the study of science, and for
the pursuit of science itself. It focuses upon
current issues and attempts at their resolution as
the best way of preparing people for current and
future citizenship roles [9].

Global problems related to science and tech-
nology, as determined in 1984 by acknowledged
science educators from 41 countries, are defined
in the instrument used for the data collection [6],
presented in Table 1.

PROCEDURE

Selection of the instrument

A 12-item instrument developed by Bybee for
use with scientists [10], citizens [11], college
students 7] and science teachers [12] was used for
data collection. A Cape Town pilot study was
conducted with a sample of 18 undergraduates in
order to determine the test/retest reliability of the
instrument. This yielded a reliability coefficient of
r=0.80 when the intact sample was retested with
the same instrument after an interval of one hour.
Bybee’s instrument was originally developed and
refined using 262 acknowledged science educators
from 41 countries |6]. For the purpose of this study
that original group in 1984 will be designated as
sample 1.

Data collection in 1993

Sample 2 comprised 76 Cape Town science
educators surveyed as an intact group in August
1993. Sample 3 consisted of 129 undergraduate
chemical engineering students of the University of
Cape Town, with the data collected in October
1993 from classes of students in years 2-4 being
combined into a whole. Sample 4 comprised 20
lecturers in engineering at the University of Cape
Town who responded to an open-ended follow-up
questionnaire in December 1993.

Table 1. Ranking of science and technology related global problems

What do you see as the most important global problems related to science and
technology? Rank the following from 1 to 12 (with 1 indicating your top priority). Insert

your numbers in the appropriate brackets.

GLOBAL PROBLEM

| | HAZARDOUS SUBSTANCES (waste dumps, toxic chemicals, lead paints)

| | HUMAN HEALTH AND DISEASE (infectious and non-infectious disease,
stress, noise, diet and nutrition, exercise, mental health)

[ | MINERAL RESOURCES (non fuel minerals, metallic and non-metallic minerals,
mining, technology, low-grade deposits, recycling, refuse)

[ ]| WATER RESOURCES (waste disposal, estuaries, supply, distribution, ground
water contamination, fertilizer contamination)

| | POPULATION GROWTH (world population, immigration, carrying capacity,

foresight capability)

| | EXTINCTION OF PLANTS AND ANIMALS (reducing genetic diversity, widlife

protection)

| | ENERGY SHORTAGES (synthetic fuels, solar power, fossil fuels, conservation,

oil production)

| | WAR TECHNOLOGY (nerve gas, nuclear developments, nuclear arms threat)
| | AIRQUALITY AND ATMOSPHERE (acid rain, CO,, depletion of ozone,

global warming)

| | WORLD HUNGER AND FOOD RESOURCES (food production, agriculture,

cropland conservation)

| | LAND USE (soil erosion, reclamation, urban development, wildlife habitat loss,
deforestation, desertification, salinization)

| ] NUCLEAR REACTORS (nuclear waste management, breeder reactors, cost of

construction, safety, terrorism)
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RESULTS AND FINDINGS (see Table 2)

It was found that the rank-order correlation
between the 1993 engineering undergraduates’
priorities and the 1984 international science
educators’ priorities was 0.65. Between the 1993
engineering undergraduates’ ratings and the 1993
Cape Town science educators’ ratings, the correla-
tion is 0.85. These are significantly high correla-
tions reflecting a large degree of consistency over a
10-year period on the same set of issues.

Prioritization of the first six global problems in
1993 indicates a close match with the same global
problems prioritized in 1984. However, individual
changes in rank-order occur. There is, however,
one exceptional item in each sample’s ranking,
namely war technology in the case of the inter-
national science educators; hazardous substances
in the case of engineering undergraduates; and land
use in the case of Cape Town science educators.

Priorities singled out by individuals in the follow-
up sample of 20 lecturers in the Faculty of
Engineering at the University of Cape Town in
1993 included the provision of mass housing and
infrastructure, sanitation, urbanization, job
creation, the abuse of high technology in commun-
ications, technological illiteracy among decision-
makers, abuse and reduction of oceanic resources,
photochemical smog, the prediction and possible
control of droughts and floods, the demands on the
human race of the information explosion, electro-
magnetic wave hazards and pollution, resource
depletion, education and the dissemination of
knowledge, the emergence and separation of C. P.
Snow’s “Two Cultures’ and the myth of the peace
dividend.

Urbanization was described as a many-faceted
problem encompassing sociology, systems en-
gineering, water supply, waste water treatment and
land use.

The abuse of high technology in communications
was mentioned as encompassing global indoctrina-
tion of the masses by television; the creation of
hybrid bioelectric systems; genetic engineering
devoid of an understanding of the role that chaos
plays in ensuring the survival of life; and the
proliferation of doubtful information by satellite.

The depletion of oceanic resources was said to
be manifested in overfishing, pollution, rising sea
levels, and the effects of the ability of the oceans to
absorb more carbon dioxide.

The effects of microwaves on humans and
animals were also singled out as causes of concern.

The myth of the peace dividend was that even
though less money is now being spent on arma-
ments, the savings are not going into new tech-
nology to solve the problem. This concern is to be
addressed in evolving engineering curricula.

DISCUSSION AND CONCLUSIONS

This study has shown that among the top-ranked
items, over a 10-year period, the most important
global problems remain population growth; world
hunger and food resources; human health and
disease; air quality and atmosphere; and water
resources. These top-ranked items clearly relate to
basic human needs for long-term survival (health,
air, food and water) and provide evidence to
support the importance, stability and relevance of
modern curricula in chemical engineering. Popula-
tion growth, with first and second rankings,
suggests a common concern which links the above-
mentioned problems directly or indirectly.

The higher ranking of the hazardous substances
by the chemical engineering students indicates
their awareness of the importance of this problem
to human health. Currently, at the University of
Cape Town, more than half of the third-year

Table 2. The mean priority scores, and ranks of relative importance, of 12 global problems in science and technology rated by three
samples of science educators/engineers over a 10-year period

1984 1993 1993
international science Cape Town science University of Cape Town
educators educators chemical engineers
n=262 n="176 n=129
Global problem Mean Rank of Mean Rank of Mean Rank of
priority relative priority relative priority relative
score importance score importance score importance
World hunger 392 1 3.98 3 4.96 2
Population growth 4.35 2 3.58 2 495 1
Air quality 543 3 6.49 6 5.26 -+
Water resources 5.53 L 4.62 B 5.38 5
War technology 5.80 o 8.84 11 9.20 12
Human health 5.82 6 3.36 1 4.98 3
Energy shortages 6.30 i 7.15 3 6.80 8
Land use 6.52 8 6.01 5 6.47 7
Hazardous substances 7.49 9 7.96 9 5.83 6
Extinction of plants/animals 8.37 10 794 8 TS 9
Nuclear reactors 8.38 11 9.82 12 8.98 11
Mineral resources 9.40 12 8.03 10 8.15 10




Engineering Students’ and Science Educators’ Rankings of Global Problems 247

chemical engineering students take an optional
course on environmental process engineering.

War technology, over a 10-year period, has been
re-ranked from the fifth position initially desig-
nated by international science educators to the
11th and 12th positions assigned respectively by
Cape Town science educators and undergraduate
chemical engineers of the University of Cape
Town. This change in position might be attributed
to the agreed strategic arms limitations of the
former USSR and the USA which, at this point in
time, do not seem to threaten the Republic of South
Africa.

The change in position of Auman health, during
the last 10 years, from the sixth to the first and third
positions, might be attributed to a more wide-
spread awareness of diseases such as AIDS and an

increase in the incidence of skin cancers associated
with depletion of the ozone layer [13-15].

High-quality education, geared towards finding
creative solutions to pertinent and pervasive
problems such as these, remains crucial for the
practice and development of relevant engineering
for the wider benefit of humanity.
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