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ABSTRACT

The purpose of this thesis was to determine teacher and student attitudes toward

Based Lab ies (MBLs) in the provi f and Labrador.

A sample consisting of 53 teachers and 59 students responded to survey instruments
designed by the author.

The teacher instrument consisted of three sections. Section A had 7 multiple-choice

items and was used to determine the extent of MBL use by teachers. Section B was

d of 34 that teachers d to using a 5-point Likert scale. Section
C was used to collect personal information.

The student instrument consisted of two sections. Section A was used to obtain some
personal information from the students. Section B was composed of 30 statements that
students responded to using a S-point Likert scale.

The following questions guided the research:

L To what extent have teachers and students used MBLs?

~

‘What are teachers’ and students’ attitudes toward MBL equipment and software?
3. Do teachers and students believe that MBL techniques enhance student learning?
4. Do teachers and students believe that MBL techniques enhance their physics courses?
5. Do teachers and students think that MBL techniques have affected students’ attitudes

toward science and computers?
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6. How do teachers and students think the MBL approach can be improved here in the
province?
Te Have MBL techniques affected teacher attitude toward computers?

The majority of teachers indicated that MBLs were used both by students and
themselves to collect and analyze data. About 19% of teachers said that students used the
MBL equipment and software on their own. A small percentage of teachers indicated that
they only used MBLs in demonstrations with their classes. Most teachers used MBLs for
1/4 or less of the time they spent on labs. Approximately 21% of teachers were using MBLs
between 1/4 and 1/2 of the time and about 17% of the teachers were using MBLs between
50% and 100% of the time they spent in the lab. Some teachers and students reported that
MBLs have been used in other science courses.

Results from teacher and student surveys on the 5-point Likert statements indicate
that teachers and students alike have overall positive attitudes toward MBLs with respect to
MBL equipment and software, enhancing student learning, enhancing their physics courses,
and affecting students’ attitudes toward science and computers. As well, teacher attitude
toward computers was positively affected. Teachers and students share the opinions that
more computers should be assigned specifically to science labs, and that additional MBL
equipment should be provided for use in the science lab. Also, teachers and students believe
that MBLs should be used at least four or five times a year, and students, in general, would

like to see MBLs used more often.
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CHAPTER 1

INTRODUCTION
In the last ten to fifteen years there has been a great increase in the number of
microcomputers being used in our society. The business world, manufacturing world, and
communications world have all been greatly changed due to this new “computer age”.
The field of education is another area which has been greatly influenced by
microcomputers. For example, most high schools in Canada offer a range of computer

related courses. Some of these are at the ing level while othe

involve

computer application areas such as CAD ided design), data

and
spread sheet analysis. Many primary, elementary, and junior high school teachers also use
microcomputers in their classrooms. Some use subject specific software, while others are
introducing their students to word processing, drawing, and graphics programs.

Videodisc and CD-ROM logies are allowing

to do even more

within the school setting. Whole volumes of

and other ials can

be accessed quickly and conveniently with the advent of CD-ROMs, while videodisc players

and can be ined to provide high ion life-like images that can be
actively manipulated by both students and teachers.

More recently, the Intemnet is being used for educational purposes. Teachers are

with locating i ion for their courses, down loading lesson
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plans, and taking university courses all via the Internet. Students go “on-line” to find
information for projects and papers and to interact and share information and ideas with their
peers.
STATEMENT OF THE PROBLEM
Background

in Science

There are several ways in which a microcomputer can be used in science education.
1, Computer Assisted Instruction(CAI)

There are a few distinct types of CAI First, there are drill and practice programs

which allow individual learners to improve their skill in some particular area which

they have previously learned. Secondly, tutorial programs allow the learner to utilize

written i ipti problems, questions, and graphic ill ions for

concept development. Thirdly, simulation programs allow the student to see and take
part in “‘real world” experiences which would be difficult or impossible to duplicate
in a classroom setting.

2. Data Processing
Graphing programs, statistical packages, spread-sheet programs, and data-bases are

examples of data processing software which students and teachers can use.



3 W ing / ics
Many students are now using software packages such as Word Perfect and Harvard
Grapbhics to present their science projects, assignments, and laboratory write-ups.
4. esting
Some teachers are using computer hardware and software to produce and/or
administer tests. This simply replaces the paper and pencil method.
5. Teacher Assistance
Many teachers are using software packages to make their paper work and record
keeping associated with teaching easier and less tedious.
6. Data Collection
Computer interface devices enable the microcomputer to detect many physical
properties in the real world and the microcomputer, together with the appropriate

equipment, becomes a powerful laboratory i for collecting and

data.
Computer Interfacing / MBLs: The Basics

An interface device attached to a microcomputer, along with the appropriate

can be used to i igate and explore many phenomena. Any laboratory in
which the computer is used in this manner is known as a “Microcomputer-Based Laboratory”
or “MBL”. Computer interfacing in the science laboratory (MBLs), can probably be

categorized into three main areas: timing, sensing, and analysis/reporting.



Timi
The microcomputer and interface unit can make precise timing measurements of

many types of motion. This usually involves the use of either a photogate or a sonar device.

The utilizes a phy i whose “on/off" condition is detected by the
computer and used to control timing information. The sonar device transmits high frequency
sound and detects the resulting echo from which timing information is measured. Physical
quantities such as position, velocity, acceleration, and reaction time can accurately be
measured by the above techniques.
Sensing

Sensing basically involves the process of detecting a voltage from some source
external to the computer. The analog to digital converter (ADC) is the main component of
a sensing system. The ADC converts analog variables into digital values that can be
manipulated by software. Any device that creates a voltage or alters one due to some
external stimulus can be used as a sensor. An example of this is a thermistor which changes
its resistance in response to a change in temperature. Another example is a photodiode
which varies its output voltage depending on the incident light level. There are also many
other types of sensing probes available that alter their characteristics in response to a

stimulus.



Analysis/Reporting

The software that runs a computer interface includes options for the analysis and
reporting of data. Graphing, linear regression, and simple statistics (such as determining the
mean) are examples of such options. As well, the data and associated graphs can be reported
to the computer screen or printed out.

Purpose of Study

There are many variables that could be studied with respect to MBLs. This author
was interested in the affective domain since the evaluation of any innovative approach to
teaching and learning should include assessments in this area. The purpose of this study,
therefore, is to determine the attitudes of teachers and students toward MBLs in the province

of Newfoundland and Labrador. In particular, the following questions will serve to guide

the research.
1, To what extent have teachers and students used MBLs?
% What are teachers’ and students’ attitudes toward MBL equipment and
software?
3. Do teachers and students believe that MBL techniques enhance student
learning?

4. Do teachers and students believe that MBL techniques enhance their physics
courses ?

5. Do teachers and students think that MBL techniques have affected students’
attitudes toward science and computers?

6. How do teachers and students think the MBL approach can be improved here
in the province ?

T Have MBL techniques affected teacher attitude toward computers?



Significance of the Study

The author of this thesis used a computer interface in a MBL situation several years
ago while teaching two high school physics courses and has since been interested in the area.
At the time, it was a relatively new way of approaching the laboratory component of the
physics courses and is probably still regarded as a fairly new approach in the labs of the
science courses taught in this province. Therefore, it would be interesting at this time to see
what other teachers and students of the province think about the MBL approach. Also, few
studies found in the literature focus on what teachers and students think about the MBL
approach. As Kim (1989) pointed out, there have been a number of studies on MBLs in
relation to student learning. However, most of them do not focus on the affective domain
of MBL experiences.

Perhaps most importantly, as is the case with any teaching technique, “attitudes” are
in themselves meaningful. For example, student attitudes, according to Simonson (1979),
are significant for several reasons.

First, many studies have made a connection between attitudes and achievement.

says that these i are i very vague but, “...probably the
development of desirable attitude positions in learners should be a goal in itself” (p. 34).
Secondly, even if the relationship between attitudes and achievement is unclear,
Simonson feels that “..it seems logical that students are more likely to remember
information, seek new ideas, and continue studying when they act favorably to an
instructional activity, or ‘like’ a certain content area” (p. 34).
Finally, Simonson says that attitudes toward a particular type of inistruction can
indicate whether or not this instruction has an impact on the student learning process. “In

other words, we need to assess the opinions of our students toward the learning activities we
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are subjecting them to, if for no other reason than to improve the quality of our procedures™
(p- 34).

Teachers’ attitudes are also significant since they determine the framework of the
teaching that takes place in the school and have a definite impact on students’ learning and
development. The teachers’ interest, background, willingness to learn, enthusiasm, and
understanding of material influence the attitudes of the students. For example, it is in many
cases the teacher who is the introducer of computer techniques, and the level of success of
computer use depends on the teacher (Reed, 1986). Clement (1981) says that if computer-
based learning is going to happen, then the attitudes of teachers must be positive since they
are critical to the process. If MBLs are going to take a place in the science courses of this
province, then teachers must not only have positive attitudes toward them, but be willing to
use them in their courses. We must, therefore, determine the attitudes that the teachers in
this province have toward MBL technology.

Definition of Key Terms
Attitude

Milton Rokeach (1968) says that “An attitude is a relatively enduring organization
of beliefs around an object or situation predisposing one to respond in some preferential
manner” (p. 449).

Daniel J. Mueller (1986) adopts Louis Thurstones definition and says that “Attitude
is 1) affect for or against, 2) evaluation of, 3) like or dislike, or 4) positiveness or
negativeness toward a psychological object” (p. 3).

Computer Interfacing
‘Thomas Bross (1986) says “Computer Interfacing is providing a link between the real

physical world and the internal ic world of the mi puter” (p.16).




Based | v (MBL)

Karen Walton (1985) reports that:

MBL is an acronym coined by Robert F. Tinker, Director of
Technical Education Research Centers (TERC). A microcomputer
-based laboratory gathers data directly from the environment by
means of low cost transducers. These devices measure physical
properties (such as light and translate the

into computer-readable electrical currents, and then display them
on the computer monitor (p.44).

In Bross (1986), the author states *An MBL (Microcomputer-Based Laboratory) is

any laboratory that uses a mi asa ing i " (p.16).
Real-Time

Real-time operations are either those in which the machine’s activities match the
human perception of time or those in which computer operations proceed at the same rate
as a physical or external process (Microsoft Press, 1991).
Traditi

1. Scott MacKenzie (1988) states:

The traditi science i does not use a . The
students, provided with a set of objectives and procedures by their
i set up an i with laboratory

provide initial stimulus, and gather data with measurement instruments

such as a stop watch, voltmeter, thermometer, scale, pH meter, etc.

The data is analyzed and results summarized in graphs or tables and

submitted in a Lab Report (p.12).

Limitations Of The Study
A major limitation of this study is the use of mail-out questionnaires. This type of

survey technique typically has a low response rate. The researcher made every effort
possible to ensure a good response rate. This included follow-up phone calls to all teachers
being surveyed.
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Another limitation concerns the fact that the researcher constructed the survey

instruments. However, since comments and suggestions from experts in the field were

the is optimistic that the i are valid and reliable.

Finally, as Borg and Gall (1989) point out, *...one must remember that attitude scales
are direct self-report measures and so have the usual disadvantages of this type of
instrument” (p. 312). They say that one of the primary disadvantages relates to the fact that
*“...we can never be sure of the degree to which the subjects responses reflect his or her true
attitudes™ (p.312). In addition, they note that a respondent’s knowledge and expertise about
the subject matter will play an important role. The researcher hopes that the teachers and

students surveyed gave responses which reflect their attitudes.
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CHAPTER 2

REVIEW OF THE RESEARCH LITERATURE
Much of the research literature on Microcomputer-Based Laboratories falls into three
general categories. The first focuses on MBLs and graphing, the second considers MBLs
as new tools of science for the development of concepts and scientific experimentation, and
the third centres on teacher and student attitude toward MBLs.
MBLs And Graphing
Brasell (1987) describes a MBL study involving 93 secondary physics students who

used sonar detectors in familiarization, iction, and ion activities i

g
distance and velocity graphs. Four groups were used in her study: a “Standard-MBL" group
in which data was graphed in real-time; a “Delayed-MBL" group where the data was graphed
after being stored for approximately 20 seconds; a paper-and-pencil control group where

students manually graphed iptions of motions described on ; and a “test-

only” control group who did not participate in any of the motion activities.

Pretests and posttests were given to all groups and, overall, students in the Standard-
MBL treatment performed significantly better than students in other treatments, particularly
on the distance subtest. Brasell attributes this to the real-time graphing capabilities of the
MBLs and believes that even a twenty or thirty second delay between the gathering and

graphing of data diminishes the effect of a real-time MBL experiment. She did note that
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there was little improvement for any of the treatments when it came to the concept of
velocity. Brasell concludes that “Real-time graphing of data appears to be a key feature for
both cognition and motivation. It allows students to process information about a physical
event and its graph simultaneously rather than serially”(p. 394).

Beichner (1990) did a study that involved a “VideoGraph™ technique in which video
images of an event are displayed “movie-like” on a screen along with appropriate graphs
representing the event. In his opinion, this type of procedure will mimic real-time MBL
exercises and, therefore, should show similar positive effects for the understanding of
graphing as those suggested in Brasell (1987).

The researcher randomly assigned 237 high school and college students to one of five
groups; group one used the VideoGraph method only; group two used the VideoGraph
method and were also shown a physical demonstration of the projectile motion depicted on
the computer; group three used a “traditional” method in which previously taken
stroboscopic photographs of a projectile motion served as the source of data; group four used
the traditional method as in group three but were also shown a physical demonstration of the
projectile motion depicted in the stroboscopic photographs; and group five acted as a “test-
only” group and did not take part in any of the graphing activities.

Results from pre- and posttest scores indicated that although the VideoGraph students
had higher scores than students in other groups, the difference was not statistically

significant. Beichner believes that it may not be the simultaneous viewing of an object’s
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motion and associated graphs of that motion which is the key to real-time MBLs, but rather
the fact that students can actively control the graphing taking place on the computer screen
by adjusting the motion of a moving object.

Mokros and Tinker (1987) report on two preliminary studies and one

study involving MBLs. In the first study, they examined children’s graphing skills and
misconceptions and concluded that students make two main types of errors when it comes
to viewing graphs. First, they see graphs as “pictures” and, secondly, they confuse slope and
height.

The second study (also discussed in Mokros (1985)) focused on a five day MBL unit
where sixth-grade students used their own body movements and the motion of a toy car to
produce real-time graphs. Observations and quiz scores showed that *...after five days, they
had developed solid graph interpretation skills..."(p. 374).

The third study was aimed at studying childrens’ graphing skills over a three month
period. Seventh and eighth graders used MBL techniques in science units on illusions, heat
and temperature, sound, and motion. A muitiple-choice test of graphing skills showed that
“Scores on the 16 graphing items indicate a significant change in students’ ability to interpret
and use graphs between pre- and posttests”(p. 376). The authors also indicate that the
“graph-picture” confusion was eliminated for many of the students after the MBL treatment.

In conclusion, Mokros and Tinker (1987) suggest four reasons as to why the MBL

approach appears to be a powerful way of teaching graphing skills: (i) leaming through
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MBLs reinforces many learning modalities; (ii) the real-time capabilities of MBLs link the
concrete experience and the symbolic representation of that experience; (iii) MBLs provide
students with genuine scientific experiences in gathering and studying data; and (iv) MBLs
reduce the drudgery of producing graphs.

Adams and Shrum (1990) investigated the effects that MBL exercises had on
students’ ability to construct and interpret line graphs. High school biology students were
assigned to either an MBL group or a conventional group. The MBL group used a computer
and temperature probe to collect and display graphs associated with heating and cooling
exercises while the conventional group collected and graphed data using stopwatches,
thermometers, and paper-and-pencil methods. Each of the groups, balanced in terms of
cognitive development, gender, and graphing ability before the treatment, performed four
one-hour experiments with water and/or ice and a Bunsen burner.

Results on pre- and posttests showed evidence that the conventional group out-
performed the MBL group on graph construction skills. However, results on pre- and

posttest graphing i showed no isti igni di in graph

interpretation skills between the MBL and conventional groups, but, the authors say:

An effect size (Glass et al., 1981) of 0.48 was, however, calculated
from the scores on the graph interpretation portion of the I-TOGS
instrument. This effect size is again over the 0.3 level usually

iated with jonal signi (Joyce et al., 1987)
and, therefore, indicates that the learning that occurred
on graph-interpretation skills during exposure of MBL exercises
was worth the time and effort to implement it (p. 783).
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Adams and Shrum conclude that over the course of treatments, the MBL group

changed their attitude toward the computer. By the fourth exercise, instead of watching the

graph being asthe i they “trusted” the computer and used
the time to perform other tasks.

A study by Stuessy and Rowland (1989) involved high school biology students who
investigated temperature change of two solutions measured from freezing to boiling points.
Students were randomly assigned to one of five groups; group one used a traditional
thermometer and graphed results by hand; group two used a digital thermometer and graphed

results by hand; group three used a digital thermometer and the results were keyed into a

puter and graphed (delay puter graph); group four used a temperature probe and
computer to gather data and the data was then keyed into the computer and graphed (delay
computer graph); and group five used a temperature probe and computer to gather data while
the graphs were displayed in real-time on the screen.

Results on a content-test, designed by the author to test students’ understandings of
heat of fusion/vaporization concepts, showed that students in group one performed better
than students in other groups, whereas results on a graphing-skills test (pre- and posttest),
developed by the researchers, indicated the students in group five received better scores than
students in other treatments. The authors suggest that “These results corroborate earlier
research which support MBLs as being superior in enhancing the development of graphing

abilities” (p. 21).
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Nachmias and Linn (1987) investigated students’ critical evaluation skills with
respect to MBLs and graphing. One hundred and twenty four eighth graders took part in
phase one of the study (fall semester) and used MBLs in 54 activities involving temperature,
heat, and energy. The purpose of this phase was to define the problem, develop the
measuring instruments, and assess students’ critical evaluation skills. In the second phase
(spring semester), 124 students were involved and the instruction was enhanced slightly by
adding several class activities and a newer version of MBL software and hardware.

A CEG instrument ( Critical Evaluation of Graphs) was given at the end of phase one
and was then enhanced and given on a pre- and posttest basis in phase two. [t was designed
to establish how students evaluated MBL information and assessed five causes of invalid or
unreliable graphs : 1) graph scaling; 2) probe setup; 3) probe calibration; 4) probe sensitivity;
and 5) experimental variation.

Results from phase one showed that students improved in their abilities to detect
invalid data due to errors in graph scaling, probe setup, and probe calibration. However, no
significant differences were found in their abilities to observe errors in probe sensitivity or
experimental variation. Results from phase two indicated improvement in graph scaling,
probe sensitivity, and in experimental variation while no significant differences were found
for probe setup or calibration.

Overall, Nachmias and Linn report that students were better able to critically evaluate

graphs after being taught a semester-long curriculum via MBLs. They also feel that MBLs
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offer better views of science laboratories since they allow students to take part in experiences

*“...as research scientists do, seeking to understand the complex and unknown factors that
influence observed events™ (p. 504).

Linn, Layman, and Nachmias (1987) suggest that a chain of four links including
graph features, graph templates, graph design skills, and graph problem solving skills is
essential in order for students to fully understand and use graphs. They tested part of this
“chain” through an 18 week physical science course with eighth grade students.

One group of students did the course in the fall with an MBL curriculum, while
another group did it in the spring without MBLs and acted as the control group. The students
wrote pre- and posttests that included items on graph features, temperature templates, and
motion templates. Results showed that students using the MBL curriculum made significant
progress in all three areas. The authors conclude that *...a microcomputer-based laboratory
is effective in teaching students about graphing” (p. 252) and they suggest that the real-time
aspects of MBLs may be acting as a “memory aid”.

Linn and Songer (1991) suggest that the real-time graphing feature of MBLs
*...supports the active, constructing nature of the learner” (p. 889). They feel that the real-
time data gathering allows students to spend much needed time to repeat their experiments
and also "provides memory support and frees the student to concentrate on integrating ideas"

(p. 889).
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Linn, Songer, Lewis, and Stern (1993) contend that students gain their scientific

understandings through a sequence i ing “action ", “intuitive

and “scientific principles”. The authors define action knowledge as knowledge that students
have as a result of their experiences in life and say that students gain intuitive conceptions
when they combine action knowledge with observations in order to make predictions. They
refer to scientific principles as the abstract general rules that students acquire mainly through
schooling.

Linn et al. believe that their Computer As a Lab Partner (CLP) curriculum, which
combines real-time MBL activities and simulation type investigations, has played a key role
along the action knowledge, intuitive conception. scientific principle continuum and has

allowed students to foster their scientific

However, they say that MBLs were not essential to the program and state:

It becomes more and more clear that technology rarely teaches
thinking but commonly improves efficiency. It frees students to
think about scientific events. ifically, real-time data i
frees students to think about their experiments. It is up to the

pers to g (®31)

Mcfarlane, Friedler, Warwick, and Chaplain (1995) describe a study in which four
classes of seven and eight year olds studied the measurement of temperature and the
recording of cooling graphs. Two classes (the experimental group) used MBL equipment
and software for data acquisition and graphing. They were asked to predict what would

happen when temperature probes were placed in different media and what could be done to
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make a graph take on particular features (i.e. make a line go up, down, go highest or lowest).
The authors say “This gave a concrete introduction to the link between the events which
occurred and the representation of those events in a line graph” (p. 465).

The students then carried out i igations i ing the i ies of

different materials. They filled bottles with equal amounts of water, wrapped them in
different insulators, and then placed the temperature probes in the bottles. While the bottles
cooled, the students made predictions on what the graphs would look like and also what
materials would be the best insulators. The other two classes (the control group) performed

the same activities using and pap d-pencil graphing

The authors used pre- and posttest comparisons on both groups and concluded that
the experimental group outperformed the control group in the reading and understanding of

temperature/time graphs as well as in making i and

graphs of

situations. The authors say that MBL techniques are *...manageable within the average
primary classroom, given a degree of external support, but that to do so has very positive
learning outcomes which are not achievable in other ways” (p. 478).

Stein, Nachmias, and Friedler (1990) report on an MBL study where eighth graders
in four classes took part in a semester-length course on the topics of heat and temperature.
Initially, all students experienced both MBL and non-MBL (traditional) laboratory exercises
and then later in the course, each class was split into two groups (MBL and non-MBL) for

a single experiment where they heated particular volumes of alcohol. The MBL groups
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recorded temperature with the computer and watched as their data was graphed in real-time
on the computer screen in front of them. The non-MBL groups took measurements with a
mercury thermometer every thirty seconds and then later graphed their results manually.
Results of this study show that the MBL groups had less set-up time and more time “on-task™
than the non-MBL groups. As well, the graphs produced by the computer for the MBL
groups were better than those graphed manually by the non-MBL groups. Both groups came
to valid conclusions from their graphs but, overall, students preferred using the MBL
technique.

Svec, Boone, and Olmer (1995) discuss a project where MBLs were introduced into
a physical science course for pre-service elementary teachers at Indiana University. Students
used their own body movements, the motion of a toy car on a ramp, and the motion of a
bouncing ball, to produce real-time graphs of distance, velocity, and acceleration during a
three week motion unit. The students were given pre- and posttests that included a mixture

of di ti locity-time, and ion-ti

3 Y

graphs.
Results on distance-time items (given only in the pretest) indicated that students were
comfortable with distance-time graphs prior to their work with the MBLs. In terms of

velocity-time graphs, students showed an improvement on posttest responses versus pretest

However, no impi was shown in performance (pre-posttest) on the 3

items that linked a distance-time graph with possible velocity-time graphs.
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Students displayed an overall improvement on test items involving acceleration-time

graphs (less than 10% of students indicated correct responses on the pretest items, while 38%

of students responded correctly to these items on the posttest). Svec, Boone, and Olmer

suggest that the MBL activities improved the students’ understandings of the motion topics

covered in the 3-week unit and say that the “quick” real-time data and graphing capabilities
of the MBL equipment opened the door to a variety of exciting activities.

MBLs As New Tools Of Science for Concept and Exper

Thornton (1985) and Thornton (1987a) report on the use of MBL units in five sixth
grade classrooms in the Boston area where a motion unit was used for one full week for a 50
minute period per day. Thomton says that students quickly leamed how to use the computer
and MBL equipment and experimented freely using the motion of their bodies and the
motion of toy cars rolling up and down an incline to produce real-time graphs. His
preliminary conclusion is the “MBL motion unit can be an effective means of teaching
middle school students to understand motion and graphing™ (1987a, p.234).

Thomton (1985), Thomton (1987a), and Thorton (1987b) also describe MBL use
in two physics courses for non-majors at Tufts University in Boston where students used
MBL equipment and the motion of their bodies to produce distance-time and velocity-time
graphs. Results indicate that students were comfortable with the equipment and software and

had few problems in completing the laboratory exercises. Peer interaction and discussions,
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completed lab sheets, homework, and students verbal answers to questions indicate that
students had a high level of understanding with respect to the motion concepts.

Thomton and Sokoloff (1990) report on the “Tools For Scientific Learning” project
at Tufts University involving MBLs which had been extended from previous studies
(Thonton (1985), (1987a), (1987b)) to include physics students from several colleges and
universities. The authors say in the past three years, over 1500 students have been pre- and
posttested and interviewed in order to examine the effect that MBLs have had on their
understanding of kinematics topics.

Overall results indicate that *...there is strong evidence for significantly improved
learning and retention by students who used MBL materials, compared to those taught in
lecture...”(p. 862). Thornton (1985, 1987a, 1987b, 1990) suggests several pedagogical
advantages of MBLs including: -

1) MBL tools enhance student learning by extending the range of
student investigations and allow students the opportunity to explore
and quantify the physical world using sensors not commonly
available to students.

2) MBL tools reduce the drudgery of data collection and can encourage
“critical thinking”.

3) MBLs provide for immediate feedback which may make the abstract

more concrete.
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4) MBLs may offer a means of teaching graphing concepts.
5) MBLs promote peer collaboration and encourages learning.
6) MBL tools are usable by the novice.

Joanne Stein (1987) reports on a study involving a teacher and his eighth grade
students who used MBLs in their physical science classes. She says that the teacher enjoyed
working with the MBL style labs, though he did note that it took a lot of preparation time to
conduct MBL activities effectively. Stein also reports that the teachers time in the labs was
split between helping the students with the MBL equipment and teaching science concepts,
and though the teacher had few problems with the equipment, when a problem did arise, it
required considerable time to fix.

In terms of the students, Stein says that they spent a great deal of time on task when
working with the MBL equipment and even students with learning difficulties persevered
and carried out the MBL activities. However, she notes that much of this time was spent
focusing on empirical lab procedures and little on the cognitive aspects of the concepts being
studied. Stein explains that students seemed comfortable with the graphic display offered
by the MBLs and that peer consultation and interaction allowed students to successfully
remedy many of the problems they encountered. Overall, Stein thinks that the curriculum
presented in an MBL manner provided students with a better understanding of heat and

temperature concepts, though she does point out that MBLs must be implemented carefully.
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Svec (1995) reports on a study that involved students in two undergraduate physics
courses. One class served as the control group and used traditional motion laboratories
through the duration of their course, while the second class served as the treatment group and
utilized MBLs to do experiments in their course.

The results on pre- and posttest Graphing Interpretation Skills Tests (GISTs) indicate
that MBLs improved students graphing interpretation skills in the treatment group while no
improvement in graph interpretation was shown for students in the control group. Similarly,
pre- and posttest results on Motion Content Tests (MCTs) indicated that MBLs improved
students’ ability to interpret motion graphs in the treatment group, while only slight
improvements in interpreting motion graphs were made by the control group. Results from
the non-graphing portion of the MCTs showed that MBLs allowed students in the treatment
group to improve on their conceptual understanding of motion while again, students in the
control group showed only slight improvements. Svec says “...analysis of results indicate
the superiority of MBL activities over traditional methods for instruction on motion.
Incorporation of MBL activities is, therefore, recommended for instruction”(p .22).

Friedler, Nachmias, and Songer (1989) studied the learning of scientific reasoning
skills by 250 eighth graders as they took part in a sixteen week MBL module. The goals of
the first three weeks were to introduce students to planning experiments, stating hypotheses,

controlling variables, and making predictions and observations. In the remaining thirteen
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weeks, students used MBLs in heat and temperature experiments where data was collected
and graphed in real-time.

Classroom evaluation (including observations and assessments of worksheet
activities, tests, and student interviews) indicated that students learned to critically evaluate
computer generated data. As well, the authors note that :

Our evaluation showed an improvement in student abilities to plan,
to control variables while designing an experiment, to make
careful observations, to distinguish between observations and
inferences, to make detailed predictions, and to justify them on the
basis of their previous experiments (p. 65).

Friedler, Nachmias, and Linn (1990) looked in detail at 110 of the students involved
in the report by Friedler, Nachmias, and Songer (1989) as they were split into either a
prediction group or an observation group. Results showed that students in the observation
group learned how to make detailed observations about their experiments and, in addition,
learned how to exclude inferences from these observations. Students in the prediction group
not only learned how to make detailed predictions, but were also able to justify the reasoning

for these icti The say that the i ion of

and
observation skills was a very important result of their study and that " MBL constitutes a
new class of technology which allows students to use the computer as research scientists do:
to collect, record, and manipulate data" (p. 176).

Settlage (1995) describes a qualitative study where a teacher used an eight week

MBL unit with her third graders to study the behaviour of light. The students used five MBL
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setups with light probes to investigate the “bouncing” and “blocking” of light. In one
activity, the students shined a flashlight into a hole in a box and used the light probe to
measure the amount of light coming out of several other openings. They used their results
to guess the position of a mirror in the box. Another activity had the students measuring
light as it was passed through different opaque materials. In the last couple of weeks, the
students worked on their own projects and presented results to the class. Settlage feels that

the *...children ped an increasi isti ing of graphs and how

they relate to light” (p. 547). “Having frequent access to the graph-making potential of the
MBLs supported the children’s understanding of graphs™ (p. 547). Settlage also believes that
the MBLs helped the children in their understanding of light and science learning
*...especially in the form of increased facility with scientific inquiry™ (p. 548).

Trumper (1997) examined the effects that MBLs had on the performance of physics
students in analyzing graphs of their kinematics experiments. One group of students studied
kinematics concepts, including graphing, for 5 ninety minute periods the “conventional way”
and 5 ninety minute periods using MBL techniques. A second group did identical activities
but in reverse order (i.e. first MBL and then conventional). A third group acted as the
control sample and they spent the full duration studying the material via the “conventional™
manner (learning kinematics concepts, graphing, and doing traditional physics labs).

The MBL activities had students moving in front of the V-scope. This movement

simultaneously produced graphs on the computer screen in front of them. Stumper had
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students in the three groups do pre and posttest questionaries and found that all students
improved in their ability to use and interpret graphs. He also reports that in comparing the
results of posttests alone, the MBL students outperformed the control group (statistically
significant difference atan 0.01 level). He feels that “The leaming provides a real-time link
between a concrete experiment and the symbolic representation of that experience™ (p. 107)
and concludes that the “V-scope kinematics laboratory gives students the opportunity to
experience the excitement and process of science™ (p. 109).

Berg and Smith (1994) were with the use of multiple-choi

P!

in MBL studies as a valid method of assessing the graphing skills and capabilities of
students. They contend that much of the MBL research completed to date does not allow
students to freely respond to questions and, thus, conclusions relating to the positive affects
that MBLs have may be invalid on graphing abilities. “Some of our beliefs about graphing
capabilities and the effects of MBL on graphing have been derived from subjects’ responses
that were perhaps more of an effect of the instrument than a measure of the subjects’
graphing abilities” (p.552).

Nakhleh and Krajeik (1993) investigated students’ actions, thoughts, and verbal
commentary during acid-base titrations. Three types of technologies were used with three
groups of students. The first group used a chemical pH indicator to detect changes in pH,
the second group utilized pH meters, and the third group worked with MBL setups. All

groups graphed data pertaining to their titrations and discussed the results with the
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researchers. Nakhleh and Krajcik conclude that the microcomputer technology was

effective for a couple of reasons. First, it allowed for the real-time graphing of data as the
titration proceeded. This not only acted as a memory aid for the students, but also allowed
them to focus their attention on the evolving graph. Secondly, the MBL technology gave
students ample time *...to reflect upon, predict about, and speculate upon the phenomena
they were observing” (p.1167).

Nakhleh and Krajcik (1994) investigated students’ understanding of acid, base, and
pH concepts before, during, and after they performed acid-base titrations using three different
technologies. One group of students performed the titrations using a chemical pH indicator,
another group used a pH meter, and a third group used a microcomputer to collect data. All
students were interviewed before and after the titrations and concept maps for each student
were constructed and scored based on these interviews.

The investigators report that the MBL students had the greatest change in
understanding from initial to final concept maps and felt that *...students using MBL
activities constructed more detailed and more integrated chemical concepts, which may have
resulted in more meaningful understandings. The final maps of the MBL group showed
greater integration and elaboration of concepts™ (p.1092). Though Nakhieh and Krajcik
conclude that MBLs allow for a better understanding of acid and base concepts, they indicate
that more research needs to be done in this area including the notion that MBLs may function

as a “memory” device for students.
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Teacher and Student Attitude Toward MBLs

Heck (1990) developed and administered a Likert-style questionnaire to fifty
secondary science teachers in Hawaii who had previously taken part in an MBL in-service
program. Of the 43 teachers who responded to the survey, 37 indicated they had used MBLs
since the in-service, however, MBL exercises comprised only a small percentage of the total
number of labs done with students (95% of teachers used them in 1/4 or less of the total time
spent on labs). With reference to planning, teachers agreed that MBL materials are adaptable
to the science curriculum and have enhanced it. However, teachers noted that it took
considerable preparation time to prepare lessons involving MBL techniques.

In terms of student learning and activities, teachers believed that MBLs have
impacted positively on students’ attitudes toward completing lab assignments and have made
student learning of required material more effective than “traditional” labs. Also, teachers
report that MBLs have positively affected students’ abilities to compile and draw conclusions
from data and have impacted positively on students’ abilities to use the computer for
scientific inquiry.

With respect to materials, teachers surveyed said they received a lot of support from

their

i and that the MBL software packages were
easy to use with the students. However, they indicated that they lacked an adequate amount
of MBL hardware in order to use MBLs to their full potential and were of the opinion that

to improve the use of MBL labs, they needed more hardware, software, and training.
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Heck says that:

It appears clear that teachers in this training program reacted
favourably about the potential benefits of MBL techniques

in enhancing laboratory experiences for students and in becoming
a viable part of the secondary science curriculum (p.81).

Lehman and Campbell (1991) discuss a project where MBLs were used by teachers
and students in six high schools in Indiana. At its inception, the project was to focus on
student and teacher attitude toward MBLs, classroom observations of MBLs, and the
graphing performance of students using MBLs.

Teachers attitudes toward MBL use were to be assessed by interviews and a Likert-
type questionnaire developed by the authors, while students attitudes toward MBLs were to
be determined by a questionnaire only. In addition, students attitudes’ toward computers
were to be assessed via a Likert-type survey and their graphing skills assessed by the Test
of Graphing in Science (TOGS).

Results on student instruments are limited because at the time this article was written,
data from only one high school had been received. This data showed no evidence of MBL
use on either student attitude toward computers or on student graphing skills. However, the
researchers say that students indicated overall positive attitudes toward MBL activities and

“Those who have been less positive, for the most part, seem to be students who have had
relatively little exposure to the MBL, either through the lack of opportunity or lack of

interest” (p. 12).
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The authors say that classroom visits and teacher comments to date indicate that
teachers have an overall positive and enthusiastic attitude toward MBLs. They also note that

teachers recognize a number of of MBL technol

real-time

graphing, data i ion, ease of use, i and accuracy.

In an article by Powers and Salamon (1988) the authors discuss “Project Interface”
that involved the introduction of computers into the science curriculum at a high school in
Missouri where students were assigned to either a experimental group (MBL group) or a
control group (non-MBL). The goals of the project were as follows:

1. After using computer interface modules, students will:

a) exhibit a more positive attitude toward science.

b) demonstrate improved cognitive skills.

c) increase their computer literacy.

2. After using MBLs, teachers will improve their computer literacy and knowledge.

Student assessment instruments used included the “Scientific Attitude Inventory” (for
assessing attitudes toward science) and teacher designed tests (for assessing science skills

and computer literacy). Teacher data was based on self- given at the I

of the project.
Results on student attitude toward science showed that 54% of the experimental
group students and 46% of control group students increased their scores on the pre- and

posttest Scientific Attitude Inventory. In terms of student cognitive skills, the authors failed
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to give experimental group data but did state that the experimental group showed a greater
increase on pre- posttest scores than the control group did on the assessment instruments
designed by the teachers. Results on student computer literacy revealed that 48% of the
experimental group students and 19% of control group students increased their scores on pre-
posttest computer literacy instruments.

The authors say the goal involving teacher computer literacy and knowledge was

“fully achieved” and that teachers “...felt that their expertise in science and computer

interfacing had increased i and that personal barriers regarding
computer use were overcome” (p. 92).

Powers and Salamon (1988) mention that results on an informal survey showed that
89% of students liked using the MBL format and that 82% of them preferred using MBLs
versus “regular” type labs. In addition, 85% of students said they learned more using
computers in their activities than if they had not used them.

Teacher and student attitudes toward MBLs were discussed in an ethnographic study
done by Kim (1989). The teacher involved in this study “...decided to use MBLs for both
personal and professional reasons: the desire to develop professionally, to learn the newest
tool of the trade, and most importantly, to do his job better” (p. 116). He thought that MBLs
provided not only an interesting way of approaching labs, but also a means to help students
observe exactly how computers affect them and the rest of society. The teacher also

expressed the opinion that with MBLs, he could do many things that could not be attempted



32

before. He said that “with MBLs, he could concentrate on the ‘real meat of science’ ™

(p-117). Kim (1989) goes on to say that the teacher felt that MBLs provided him with a way

of rekindling *...his waning i about teaching™ ( p. 117).

Kim (1989) also looked at students attitudes toward MBLs and says that there were
three major areas of findings. First, students expressed the opinion that they learned better
because MBLs were “more fun”. The students said that they enjoyed the MBLs because they
could investigate topics that were interesting to them. For example, Kim (1989) found that
**One of the fun and interesting discussions was how to keep Coke cool longer at the beach
on a hot summer day (would one wrap it with aluminum foil or wool cloth?)” (p. 138).

Secondly, Kim found that MBLs affected students self-esteem. “Their self-image
improved, they became to feel more independent, they work like ‘real scientists’, feeling
more responsible for their own learning” (p. 140).

Finally, Kim found that students collaborated more when using the MBLs.
*Interactions and dialogues were more on the task rather than non-school related topics™ (p.
143). In addition, the students shared their data and this “...encouraged co-operative
remediation of problems, with students forming into consulting groups of increasing size
according to the difficulty of the problem at hand” (p. 143).

John R. Amend and his colleagues at Montana State University (MSU) have
published several articles on MBL use. Amend, Furstenau, Reed et al. (1990) focus on the

technical details of their MBL devices developed at MSU. Amend, Briggs, Furstenau et al.
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(1989) address the technical aspect of their MBL devices and discuss the in-servicing of 76
high school teachers on the use of MBL techniques used at MSU.

‘Amend, Furstenau, and Tucker (1990) again review the details of their MBL devices,
but in addition, report on how students in a test-section of a chemistry course were required
to program an interfacing device on their own in order to complete a prescribed experiment.
Results showed that all students configured the device properly and were able to proceed and
complete the experimental work required. The students commented on the usefulness of the
computer device in gathering and analyzing data and, as well, said that the project had
challenged them and made them more comfortable around computers.

In Amend and Furstenau (1992), the authors first discuss the philosophy behind the
introductory chemistry course Chem 125 offered at MSU where up to 1200 students per
quarter participate in MBL style techniques. They then report on a survey conducted on 190
Chem 125 students to assess students’ attitudes toward the MBL procedures.

Results revealed that 75% of students felt the MBL style projects used in the course
were “good” or “excellent” ideas. Almost one-half (49%) of students said the computers
were “very useful” and about 30% commented that they were “useful”.

Fifty-seven percent of students said they were now “comfortable” with computers and
approximately 90% of students said the computers were easy to use. Amend and Furstenau

(1992) conclude that students “...overwhelmingly find the computer useful for learning
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chemistry in the laboratory...”(p. 114) and say the laboratories used at MSU *...are an
integral part of the chemistry labs for science and non-science majors alike”...(p.114).

Summary of Research Literature

This chapter reviewed the research literature on microcomputer-based laboratories.
The three main areas covered were MBLs and graphing, MBLs as tools of science for the
development of concepts and scientific experimentation, and teacher and student attitude
toward MBLs.

The ability to construct, interpret, and understand graphs is important for students in
analyzing scientific data. Many of the articles reviewed discuss studies which have shown
that MBLs do improve students’ skills in these areas. In particular, the real-time graphing
capabilities of MBLs may be the key attribute since it allows students to see a graph

produced on a computer screen as the i Some

believe that
this may provide a link between the “abstract” and “concrete”.

A number of studies reviewed provide evidence that MBLs offer an effective means
of teaching and developing science concepts. Examples are given in the areas of kinematics
(motion), thermodynamics (heat, temperature, energy), chemistry (pH/acids and bases), and
light (reflection and intensity). As well, the literature suggests that MBLs may foster
students’ experimentation abilities such as making better predictions and observations,
critically evaluating and interpreting data, planning experiments, controlling variables, and

developing reasoning and scientific inquiry skills.
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Results of the literature review suggest that overall teacher and student attitude
toward MBLs is positive. Teachers and students alike enjoy working with MBL techniques

and believe that MBLs offer a wide range of possibilities within their science labs.
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CHAPTER 3

METHODOLOGY

This study deals with determining the attitudes that teachers and students have toward
Microcomputer-Based Laboratories (MBLs) in the province of Newfoundland and Labrador.
The following section contains descriptions of the instruments used, the samples, the data
collection process, and a discussion on the validity and reliability of the instruments.

Teacher Questionnaire Design

A study by Heck (1990) assessed the attitudes that secondary science teachers in
Hawaii had toward MBLs. After carefully examining this article, it was decided that what
Heck did was similar in nature to what this researcher wanted to do to determine the attitudes
that teachers and students of this province had toward MBLs. Therefore, contact was made
with Heck and a copy of the teacher questionnaire used in his study, along with permission
to adapt it, was obtained. After a review of the literature on MBLs, and using Hecks
questionnaire as a rough guide, a teacher questionnaire was designed for this study which
contained three sections.

Section A consisted of seven multiple-choice items and was used to determine to
‘what extent teachers and students had used MBLs. Section B was composed of thirty-four
statements that teachers responded to by using a five point Likert scale consisting of the

responses : SD - Strongly Disagree; D - Disagree; U - Undecided; A - Agree; SA - Strongly
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