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computer, data acquisition interface, sensors, software and dccumentation.
It provided the teacher and students with a general-purpose linkeage
between physical processes and the microcomputer and is comparable to the
tools routinely employed in industry. The prototype system was tested for
an entire school year in a local secondary school.

This 1eport provides an overview of the technical design and benefits
of “he EDAS, and a description of how the evaluation was performed. The
EDAS was tested in a total of 19 different experiments where some class
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EXECUTIVE SUMMARY

Overview

This report describes the results of a project sponsored by the Department of Education
Small Business Innovation Research Program. In March, 1984, Creare completed the first
phase of this project, the results of which were presented in a final report entitled, "Feasibility
Study of An Educational Data Acquisition System for Use in Secondary Schools.”

We began Phase Two in July, 1985, under contract number 400-84-0006. We
designed, prototyped, and then evaluated an Educational Data Acquisition System (EDAS) in a
local high school. The objectives of the Phase Two project were:

1. define the range of educational needs for EDAS,
2. establish technical descriptions of the educational data acquisition system, and
3. evaluate student and teacher response to automased laboratory science.

All of these objectives have been achieved in the Phase Two project as discussed, in
turn, below.

Activities

In Phase One and at the beginning of the Phase Two project we reviewed the existing
data acquisition products in use in schools and the acceptance of these devices by the schools.
Their usage was very low and by examination of the products themselves, talking to teachers
who were and were not familiar with cata acquisition and surveying the literature on computer-
aided instruction in the science classroom, we developed a definition of schools' requirements.
These requirements we= reviewed by our educationa! consultants and were then used in our
design of the EDAS hardware and software and in our evaluation criteria for the EDAS.

During the first four months of Phase Two we purformed the technical design of the
EDAS hardware and software components. The design incorporated the concepts that Creare
uses for its industrial data acquisition systems, resalts from our market research on
microcomputer-based data acquisition systems, and the educational requirements from our
surveys. We spent the next six months developing the prototype system, followed by a trial
period of two months of preliminary usage and evaluation in the school. We then spent three
additional months updating the prototype to incorporate improvements suggested by students,
teachers, and evaluator feedback. The prototype was then placed in the school for a year of
testing. The effectiveness of the design implemented in the prototype EDAS led to a successiul
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evaluation and favorable response of students and teachers across a wide variety of subject
areas and grade levels.

The EDAS evaluation lasted for an entire academic year. A research assistant in
permanent residence at the high school obtained classroom observational data, information
about student and teacher attitudes, and the results of students’ written work for all subject
areas and grade levels throughout the year. The impact of the EDAS and the benefits and
pitfalls of automated data collection in the science classroom learned from the evaluation will
have major significance in future development of data acquisition products for the classroom.

Organization of the Report

The following three chapters present the results of the Phase Two project. These
chapters are organized as a series of three professional articles about the EDAS. Each chapter
has been or is being submit:ed to refereed journals for publication. While this plan of
publication ensures wide communication of our results it does result in some unavoidable, but
minimal, redundancies across the three chapters for the reader of this report. Chapter I
presents . overview of both the technical and evalu ive portions of the project, emphasizing
the benefits of the EDAS. The analysis of the data in Chapter I is based on two case studies
from the 19 experiments that were run. This type of analysis can sometimes illuminate
information that is not revealed by the overall analyses of Chapter II, but can miss information
that the methods of Chapter III can detect. Chapter I describes the details about how the
educational evaluation was set up and operated. It is designed to serve both as an archival
record of what we did and as a manual for others who wish to apply similar evaluation
methods to other problem areas. Chapter Il presents the detailed results of the evaluation. We
employed innovative methods in Chapter III to examine simultaneously the results of 19
different experiments.

Conclusicn
We have met all the requirements of the project. We developed a prototype EDAS for
use in secondary science classes and had it rigorously evaluated by educational researck=rs.

The results show that computerized data collection in the classroom will foster excellence in the
sciences and allow students to achieve their full potential.

iii
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CHAPTER I: OVERVIEW OF THE PROJECT

A Collaborative Project
to Dev:lop Computer Based Instruction
in Science Laboratory Courses

by G. Christian Jernstedt
and
Paul H. Rothe

This chatpter describes the results of an intensive three year program to bring the
sophistica*ion of industrial technology to the aid of science teaching and learning. With
support from the Department of Education a team of experts was assembled from Creare, Inc.,
an advanced engineering consulting company specializing in computer software and systems,
from the Psychology Department at Dartmouth College, a department with specialists in
learning, curriculum design, and evaluation, and from Hanover High School, an excellent
regionai school with a six person science department that offers the basic scientific disciplines
for arange of student ability levels,

The team had two goals. The first goal was to take the best ideas for improving science
education with computer based tools and design and create an Educational Data Acquisition
System (EDAS). The second goal was to evaluate the effectiveness of the EDAS in actual class
use in a school system, asking (a) will the system work as designed, (b) can and will teachers
use it in class, and (c) will the system lead to desirable changes in students’ attitudes and
performance?

The Design Criteria for the Operation of the EDAS

In laboratory science computers are a critical element of modern research. Computers
play an essential role for laboratory scientists, engineers, physicians, office workers,
executives, factory workers, artists; the list is nearly endless. The core of the EDAS was
designed around a personal computer to address the broad need for true computer literacy in
science while improving the educational process as well. Although it was primarily designed
for and was tested in secondary school classrooms, the EDAS can theoretically be used with
students of nearly any age.

o
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The overall goal in developing the specific apparatus was to provide flexible tools for
the teachers to use in developing curriculum rather than rigidly fixed or required izboratory
instruments and procedures. At Creare specialists in software, hardware, and documentation
designed the computer system. To assist in answering questions about what works in the
classroom and what teachers ‘will accept and use, the design process began with an information
review that identified the existing computer data acquisition devices in use in the schools and
their acceptance by teachers. A survey in 1982 of 1200 schools showed that only 12% were
using computers in science classes (Harvard, 1982). Only 2% of that 12% ( e.g., 3 schools,
or 0.2% overall) actually used a laboratory interface in their curriculum. Reviews of such
software and hardware (Ahl, 1983), product literature, conversations with teachers who use
the products, and hands-on evaluation of some of the products indicated that there were good
reasons why use of such interfaces was low. The problems uncovered included the relatively
passive role of the students in using some of the instruments, the fixed, limited nature of what
can be done with the instruments, the absence of productive software to employ effectively the
instruments, and the very limited, almost game-like quality of much of the apparatus.

Based on the research into computers in science, the EDAS design criteria differed from
those of most current school instrumentation products in that the criteria specified a general
purpose, industrial quality, data acquisition and reduction system. The school environment is
probably harder on instruments than is the research laboratory. We decided that students and
teachers need the same quality and ease of use that is available in industry; they need equipment
and curriculum that emulates industrial scientific research. The EDAS should unobtrusively
guide students and teachers into effective scientific activities. Toward that end, a set of eight
features was designed for the EDAS:

. fast,

. accurate,

. patient,
dedicated,

. efficient,

. general purpose,
modular,

. comprehensive,
uniform in opcration,

. orderly,
flexible,

. simple to use, and
easy to use.

‘The first four features of the EDAS differentiate it from equipment used by students in a
manual, traditional experiment. The speed of the EDAS should allow students to exploit
sensors and investigate processes that they could never consider in the past, while its patience

10
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3 allows it to perform large numbers of repetitive operations with quick, efficient instructions
given by the student. By being dedicated to a measurement task the EDAS can collect data

from long-term experiments, such as weather sampling over the period of days, weeks, or

longer.

The single most important feature of the EDAS is that it is general purpose in its
application. Teachers and students vary widely in their abilities and familiarities with
computing and science. The teacher and student should not be constraired to pre-programmed
or canned laboratory work. They must have the power of a tool that serves their own,
individual needs, and they should be encouraged to explore and define those needs. The
modular nature of the EDAS allows it to be configured easily for different science courses. In
a moment a new sensor module can be attached, changing the EDAS from a biological to a
chemical instrument. Yet, the software interface and general operating procedures remain
constant, serving to unify experiments in various disciplines. We also envisioned moving the
EDAS from one classroom to another during the class changc period, which would allow it to
be used more or less continuously ar.d thus significantly reduce its cost per classroom.

The EDAS should be comprehensive in that it should contain all of the elements
necessary to conduct &n experiment, from data acquisition to final evaluation. The user must
be freed to think about the data and their meaning, not the logistics of idiosyncratic. often
obsolete apparatus. Employing an orderly, but open menu approach guides the user in
developing an orderly process of experimentation. Since the menu provides options, not
requirements, teachers may tailor activities to the special needs, abilities, and interests of
students. Analytically minded students might spend a greater proportion of their time with data
handling functions, while mechanically minded students might spend more time in the actual
conducting of the experiment.

The =ase of use should make exploration with the EDAS simple, even fun. We wanted
a system that would disappear into the background as the student thought creatively and openly
about the process that he or she was investigating. We hoped for lots of "what if 7" questions
from the users, who would then proceed to answer the questions experimentally. As the
system is shared across courses, students should build a common unc'erstanding of scientific
method and be encouraged to bring what they have learned in other science courses into each
new one.

The Design Criteria for the Educational Impact of the EDAS

We identificd five critical features of effecti ¢ educational environments that must be
wresent in the science classroom and that must be supported by the use of the EDAS. As they
form the educational foundation on which the EDAS development rested, they will be reviewed
in some depth.

11
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Interactive
an active learner
a responsive environment
an orientation towards retrieval processes

creation of a base of experience on which to build later
learning

Accessible
attention getting
ckullenging
flexible
cognitively structured
efficient
Collaborative
Personalized
use of familiar curricula
manageable unit format
flexible pacing
mastery criteria
Generalizable
The EDAS is an interactive tool. Students who are more active in their engagement
with their subject matter and their classroom peers learn more (Webb, 1983). Furtheiuiore we
know that the study activities of such students serve as a catalyst to increase the effects of their
motivation and ability (Jernstedt & Chow, 1980). Due to its speed, efficiency, and patience,
the computer in the EDAS is always waiting for student action. This implicit demand,
characteristic of the computer, is not seen by students as pressure so much as positive incentive
to engage, as evidenced by the computer's positive vffect on classroom attitudes (Kulik,
Bangert, & Williams, 1983).
Generally, as student work is monitored and feedback is provided, learning improves

(Berliner & Rosenshing, 1977). When students work in groups, “~wever, teachers cannot
provide effective individual monitoring of student activities. The ability to monitor

12
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performance and respond immv.diately, directly, and in a manner that is focused on the
important questions is a necessity in science courses where long sequences of steps may be
taken before an answer, the feedback to the student. is achieved. The EDAS will thus serve a
responsive role in the classroom by directly requesting and reacting to students' actions, such
as their connecting of sensors and entering of information, data, or commands.

One of the most basic needs in the classroom is for an orientation on the retrieval (rather
than the storage) mental processes of the learners. Learners must rehearse what they have
learaed; it is the crucial learning process, and we have known about it for many years (Spitzer,
1939). As described earlier, it is not what learners see or hear, but what they do that most
determines what they learn. This retrieval fccus is aided by learning materials and activities
that are structured, provide imagery, and encourage elaboration.

Let us consider structure first. The science curriculum can be described in terms of
lower and higher order rules. The use of 2 few well chosen higher order rules can drastically
reduce the number of Jower order rules that a student must leam. Moreover, the students will
perform just as well on problems that require the use of the lower order rules that were
eliminated (Scandura, 1977). The modular and general purpose design of the EDAS is based
not only on economic foundations, but also on the desire to present the concepts of laboratory
science as a relatively few, broadly applicable principies of data collection, and analysis, and
presentation. The fact that students will encounter a common set of high level tools in each
laboratory exercise ensures mastery of those major principles.

The retrieval process is also aided by the use of imagery. Much of current educational
software, even for high school science, has its roots more in the imagery of comic books than
of scientific illustration. Scientific graphic image presentation, of the form present in the
EDAS, can facilitate learning and improve retention (Wittrock & Lumsdaine, 1977).

The asking of questions that require deep intellectual processing of information can be
done almost ideally in: the science laboratory (Craik & Lockhart, 1972). Traditional science
exercises are often heavy on manual work while light un intellectual activity. The relative
efficiency with which hypotheses can be tested with the EDAS can minimize the drudging
-outine activities and hence encourage a greater degree of thought and questioning, both on the
part of teachers of their students and by students themselves. The result of such activities is
increased retention (Horton & Mills, 1984).

More than any other area of the curriculum, science requires direct student experience.
There is a vast gulf between the actions of describing a scientific principle and those of
correctly using that principle (Simon, 1980). If students are to think like scientists they must
begin to learn how to act like scientists. The experienced individual views events and ideas in
ways that are fundamentally different from those of .he inexperienced individual (Reed &
Johnson, 1977). As students with the EDAS increase the proportion of their time :hat is spent
in intellectual work rather than clerical activities, they will acquire more extensive experience in
the fundrmentals of creative science.

Though they may be well designed, learning materials are of minimal effectiveness if
they are not perceived as accessible to student and to teacher. This accessibility can be
improved through using science apparatus that is attention getting, challenging, flexible,
cognitively structured, and efficient.
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Computers in the classroom can produce a higher level o student gttention (Jernstedt,

1983). Furthermore, increased attentiveness is significantly correlated with achievement.
Because the EDAS provides a familiar laboratory interface for a wide variety of experiences, it
will avoid the "drowning out" effect that accompanies the use of continually novel materials
(Piontkowski & Calfee, 1979).

Though science is a lively intellectual area, with changes in knowledge occurring daily,
science laboratories often deal with topics that have been resolved for decades, if not for
centuries. The excitement of open experimental exploration with the EDAS should challenge
students to search for information and induce more rehearsal of what is happening in the
laboratory (Smith, Johnson, & Johnson, 1981). The flexible, open-ended nature of the "what
if" questions that are possible with the EDAS, compared to the specific question answering that
is typical of traditional science Iaboratory experiments, should support long term retertion of
the material.

Cognitive structure is an additional design criterion that must be considered carefully,
since increased, appropriate cognitive effort increases learing and retention (Horton & Mills,
1984). Because the user must select each step of the experimental process from EDAS menus,
the EDAS cannot be operated without knowing what one is trying to do; thus the EDAS menus
are designed to require intellectual effort.

We have discussed accessibility to the siudent, and turn now to accessibility to the
teacher. The activities of a teacher in a subject matter such as science are quite complex and
resemble the skills needed to run a small business (Duke, 1979). But rarelv are teachers
supported with the tools that are typically available in such a business. The efficiency of the
computer in handling many different students and many different experiments while producing
conceptually uniform reports will help teachers achieve some of the productivity gains that
computers are bringing to the business world. The increased teacher productivity can produce
other desired effects. In place of the time normally spent for laboratory set up, take down, and
other such manual work the teacher’s job will be to frame questions whose answers wil}

illustrate the critical principles of the subject matter. The teacher can focus on the intellectual
matters more than the logistical ones.

The superior learning that occurs with collaborative efforts among students has been
known for some time and studied by many investigators (Johnson & Johnson, 1975; Johnson,
Maruyama, Johnson, Nelson, & Skon, 1981; Sharan, 1980). Within a class or student lab
group the various tasks involved in using the EDAS can be apportioned according to student
skill level and interests. One of the strengths of collaborative learning is that each member of a
group can feel that he or she is a valued contributor to the group process.

Science education, to be effective, must be personalized for both the individual
teacher and the individual student. A major problem with federally supported curriculum
materials for science eduvation in the past has been the resistance of teachers to fixed, new
curricule (Welch, 1979). This problem can be ameliorated with the EDAS by allowing the
teacher to combine his or her own mix of self-chosen, familiar materials with a set of standard
EDAS operating procedures.

14
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For the student, personalization focuses largely on dividing material into
units that can be mastered at a rate appropriate to the level and background of the student
(Ryan, 1974). The goal of small units that can be completed within one class period can be
achieved with the speed of the EDAS (Semb, 1974). When units are small, the pacing of a
course becomes less troublesome and more ficxible. Some students may complete two units
while others complete only one.

The use of a mastery criterion is the most common characteristic of personalized
courses of instruction. Requiring students to know funaamental skills well, before moving on
the more advanced skills, is of critical importance in science education. The research is clear
that mastery produces better outcomes (Hursh, 1976). With the EDAS students can easily and
quickly repeat experiments, with new parameters, until they master the underlying concepts.

Effective retention of what has been leamed in the science laboratory depends in part on
the degree to which cues in the new environment generalize because they are similar to those
in the original leamning environment (moscovitch & Craik, 1976). For this reazon, if students
are to take what they learn in the high school science course with them in later academic and
work environments, those environments must be sim.lar. Compuiers are an essential part of
modern industrial laboratories, and, very recently, of university science laboratories. The
degree to which students encounter them in realistic ways in high school will determine the
degree to which their high school course is generalizable. In other areas it is clear, and may be
so in the sciences as well, that increased exposure to instructional computers can improve
attitudes toward the use of computers as tools and toward the courses in which the computers
are employed (Kxlik, et al, 1983).

The Basic EDAS

The structure of the EDAS is illustrated in Figure L1. The host microcomputer is a
standard IBM PC with monitor, disk drive, serial interface, and printer. The machine has far
more power than other classroom computers and, with the advent of IBM clones, is quite
affordable. The electronic interface (DAQ) is a Burr-Brown 3002 Data Acquisition System
containing an analog to digital converter and its own microprocessor and memory. Signal
processors within the DAQ condition the data received from various sensors. The sensors
allow the DAQ to sample essentially any physical process, including temperature, pressure,
force, motion, pH, conductivity, sound, light, and electricity.

The key to the effectiveness of the EDAS for the user is the software that operates the
system. Much of the project effort focused on developing software that was truely flexible and
casy to use. Menus offer the user a full range of options: (a) prepare for an experiment,
including changing the experimental setup by adding or deleting sensors and checking the
status of sensors; \b) run an experiment, including setting the operating mode to storage of data
or monitoring and display of data, setting the sam-ling rate, setting the display format to
graphical or tabular, and collecting data; (c) redue and display data, including selecting data
files and displaying their contents; (d) manage the data disks, including cataloging, deleting,
and copying files; (e) change the configuration of the system, including specifying the
computer and peripherals present and the types of sensors; and (f) receive help. No knowledge
of programming or computer operation is required other than the ability to turn the machine on.
The student scientist at the control of the machine thinks about the experiment, not the
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computer. The software and system operation are further designed so that teams of students
can use the machine, wit each performing a different prt of the experimental procedure.

A full explanatory manual was written for the EDAS as part of its development. We
forsee the eventual creation of other supporting materials including a teacher's gude to the
pedagogical aspects of the EDAS, individual guides for a wide variety of laboratory
experiments, and £ newslett - for the sharing of other ide~3 about the effective use of thu EDAS
in the classroom.
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Figure 1. A schematic representation of the design of the EDAS.
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Evaluating the Eifectiveness of the EDAS

We tested the EDAS's effectiveness by spending a full academic year conducting true
experimental research on its actual use in the school. This year of evaluation was preceded by
three months of pilot studies, conducted during the previous academic year, in which we tested
the EDAS and all materials that we planned to employ in the full evaluation. During the pilot
study we developed a set of desired modifications to the EDAS that were based on student and
teacher feedback. Three months were then spent in refining the hardware and software to
reflect these suggested improvements. During this three month period all initial data were
analyzed and the evaluation procedures fine tuned.

There are two different styles in which an instrument like the EDAS can be employed in
class, and we evaluated both. For some laboratories the instructor presented a demonstration
of a laboratory principle for the entire class. The role of the students was to observe the teacher
and answer questions during the demonstration. For other laboratories students conducted
their own experiments under the teacher's guidance. Twe stations were available in class, an
EDAS station and a preparation station, so that the lab groups of 2 to 4 students could prepare
for their experiment at one station and then move to the EDAS station to conduct the actual
experimental work. In this way a full section of students could share the EDAS, with each
performing all actual work on the computer.

More than four hundred students enrolled in six laboratory sciences course participated
in the study. There were courses in general science, biology, chemistry, and physics. Detailed
data were collected about the students’ abilities and academic history from their transcripts.
The evaluation of the EDAS was conducted in a series of 19 true experiments. Ineach
experimen: the EDAS was compared with the traditional laboratory apparatus used in the
course. Since each of the six sciences courses met in several different sections, we were able
to have the same teacher in each course present the laboratory with the EDAS for one or more
sections and without the EDAS for one or more sections. To ensure that the effects we
observed were not simply due to the novelty of the EDAS, we varied which sections received
which set of instruments so that all students and all teachers were familiar with all methods and
experienced all forms of instruction. When the EDAS was used in a section, all students in the
section learned with the computer. Comparisons between the EDAS and the traditional
apparatus were, therefore, made between different sections of the course. Appropriate steps
were taken during the data analyses to test and control for effects of differing student abilities in
the various sections of the course.

A full time research assistant and field .nanager was placed in the high school
throughout the evaluation period. This person prepared all evaluation materials, observed
student behavior in each class, entered and analyzed data, and performed all the ancillary
activities associated with evaluation. In this way the teachers could proceed as they normally
would have done in the courses, and disruption due {5 the evaluation was minimized.

We obtained information about the effectiveness of the EDAS from four sources,
including semester questionnaires, daily questionnaires, class observations, and course grades:

(1)  Tocollect information about students’ long-term motivations and
attitudes, we used semester questionnaires. At the beginning and end of each semester
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students filled out a form that explored their attitudes, study habits, leamning style, personality,
school activities, and feelings about their courses and their own academic performance.

(2)  Toexamine short-term attitudes, we had students fill out brief forms
each day that a laboratory was offered, just before and just after class. These daily forms
assessed students' enjoyment of the class, interest in the subject matter, the difficulty of the
class, and their enjoyment of and comfort with computers. In addition, the form given before
class asked about their motivation to learn and do well in the upcoming laboratory session,
while the form administered after class added questior about the amount of knowledge they
had learned, their confidence in what they were learni- g, the effectiveness of the procedures
that they were using, the degree to which they worked on their own, and the degree to which
they felt rushed while the class was in session. Teachers filled out a similar form with their
class.

(3)  To understand the EDAS impact on the actual activities of students and
teachers in class, we observed student and teacher behavior during each laboratory session.
During the laboratories the project field manager systematically collected continuous
observations about the behavior of the students and the teacher. Every 60 seconds the observer
recorded on a coded sheet which of three categories of behavior the teacher was engaged in and
the proportion of students in the class that were engaged in each of six categories of student
behavior. The teacher’s behavior was categorized as not attending to the student ., providing
individual attention to students, or talking to groups of students. The students were examined
for the degree to which they showed on-task or off-task behavior, that is, the degree to which
they were actively and directly engaged in the laboratory assignment. The six types of student
behavior were: off-task, group oriented on-task, individual engagement with the teacher,
engagement with their group and the teacher, attending to the apparatus, and writing down data
or notes.

(4)  The overall impact of the EDAS on cognitive performance was
monitored by analyzing the normal examinations and laboratory reports assigned by the
teacher. For each laboratory session, data were collected about the student's actual academic
performance. Tests scores were divided into scores for questions that dealt with laboratory
concepts and those that dealt with other aspects of the course. Examination questions were
separated according to whether they were directed towards fact recall or application skills.

Extensive multivariate analyses of all data were conducted. With 19 different
experiments and the continuous attitude data, we obtained an enormous amount of information,
some 200,000 numbers. The results presented here provide but a sample of the overall results,
more technical descriptions of the impact of the EDAS will be made available elsewhere
(Chapters I and III). For the sake of clarity and coherence, the data from one course is
presented here. This course, an intermediate level chemistry course, is representative of the
other courses we examined.

The Impact of the EDAS

Th: impact of the EDAS was manifested in three domains: the behavior during the
laboratory of the students and the teacher, the students' attitudes about the laboratory, and the
students' pe-formance on test instruments after the laboratory was finished. There were
differences between students who learned with the EDAS and those who did not in all three
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domains. Furthermore, the impact of the EDAS was different early in the year from its impact
late in the year. There were no obvious differences, however, in the impact of the EDAS
across the different courses and subject matters.

on-task group behavior, attention to the apparatus, and recording of written information during
the laboratory. It appears that this difference in student behavior is not due to the teacker's
actions, as the teacher's activities did not vary between sections,

Late in the year the behavior of the students d:d not differ between the EDAS and
traditional sections. Students in both sections spent most of their time on-task, engaged in
working with the experimental apparatus. The initial disruption in on-task behavior with the
EDAS had apparently lasted for several laboratory sessions and then disappeared once

12
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Figure 1.2. The classroom behaviors of the teacher and students during typical EDAS and
traditional laboratory sessions at two points in the academic year.

R1

CREARE PROPRIETARY TN411

13




CREARE PROPRIETARY TN411

Greare

Significant differences in students' performances and students' attitudes about
themselves, the course, and computers also emerged as a function of whether or not students
used the EDAS. The attitudinal differences changed across the academic year. The attitudes
and performance data are presented in Figure I.3.

Early in the year students who used the EDAS reported less confidence in their abilities
during the laboratory and more frequent feelings of not knowing what they were doing.
Despite this uncertainty, the students in the EDAS sections were more positive in their attitudes
towards computers at the end of each class than were their peers in trad‘ional sections. The
actual performance of the students on the examination and laboratory reports produced
outcomes opposite to the attitude effects. Students who lcarned with the EDAS wrote better 1ab
reports of their work and performed better on examination questions about the laboratory
exercise. Thus it seems that the EDAS students were at once performu.., better and challenged
to perform still better.

Later in the year, the students using the EDAS in their section were equally confident
and sure of what they were doing. Furthermore, they feii that the lzboratory work was actually
easier with the EDAS and reported that they felt less rushed than the stdents in the traditional
sections reported. This did not lead to enhanced enjoyment of clas’ 1owever. Students using
the traditional apparatus reported more enjoyment of class thandid . dents using the EDAS.

It is not clear how or whether this difference influences student behavior; it deserves further
study. For the EDAS students the examination scores were consistently as good as or better
than those for the students using traditional instruments.

Throughout the year a particular effect emerged suggesting that the improved
performance on examinations for the EDAS students resulted from an increased ability to apply
the laboratory principles to new problems. Rather than simply learning more facts, the EDAS
students were learning how to bring what they had learned to new situations.
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Figure I.3. Student attitude and performance comparisons for the EDAS and traditional
instruments at two points during the academic year.
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When the EDAS was user for demonstrations rather than hands-on laboratory
experiences, its effect was different. In general, students felt more rushed when the teacher
used the EDAS and felt that the use of the EDAS was less effective than the use of the
traditional instruments. It is likely that this represents the teacher's awkwardness and
nervousness with using the EDAS. Field observations indicated the presence of greater
nervousness on the teacher’s part when the computer was employed, presumably because the
teacher lost the benefits of years of experience that he or she had with the traditional
instruments. Itis important to note, however, that examination performance did not correlate
with the students' attitudes. ‘They continued to score as well or better on examinations for
which they had been prepared with the EDAS. Aj noted with the hands-on use of the EDAS,
the improved examination performance involved an ability to apply the laboratory principles to
new situations.

The Benefits and Pitfalls of Computers in the school Science Laboratory

We began the project with three questions, asking (a) whether the EDAS would operate
as designed, (b) whether it would be used well by the teachers, and (c) whether it would
influence the students' attitudes or performance. The field evaluation confirmed that the
computer is & powerful tool that can improve science leamning in crucial ways, but reminded us
that it is not a panacea.

The EDAS, as a scientific instrument system, performed outstandingly well. It met all
the operational design requirements we set for it. The engineering of tools is a relatively clearly
understoed process, and 1t proceeded well for us. The combination of engineers,
psychologists, and teachers produced an exciting and satisfying design and development
process. The team approach can provide exceptional tools to serve educational needs.

24




Fig re1.4. Students and teacher engaged in data collection with the EDAS. Note the degree of
on-task attention from each. The EDAS is in the top right and the materials being examined in
- the center left of the photograph. The teacher is in the right foreground.
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We found that afte: its development, the actual introduction of an innovative,
technological tool is a complex process with a great number of variables influencing its use in
the school. We encountered no absolute limiis to what teachers can achieve, but we exposed
problems that must continuously be dealt with, including the adjustment to a new and different
tool with its concomitant changcs in attitudes. Great tools nesd skilled vsers to achieve their
full poten.al, The teachers and students worked enthusiasiically to learn how to use *he
EDAS, yet were sometimes discouragsd and confused early in their learning.

The skills needed to help the teachers with their adjustment to nev/ technology are those
of the professional trainer. For the future, training materials must be developed with the help
oftcachenmdsmdmeswhomfamﬂinwiththeuseofoomp\mt«buedhbomo:y
instruments. These materials should not be canned experiments; rather, they should
be exercises that let teacher and student come to understand the potential for this new tool and
how to ‘eitmosteffecﬁveg. The training couid be brief and directed towards p--ducing
a level of comfort in dealing with *he . It raight involve a two day worksiion for
teachers, videotaped sessions with maste~ teachers, or simply the presence of a motiva.. 4
colleague in the school who has used the system. We noted in the test high school that teachers
were attracted to using the EDAS 2 they heard from their colleagues and from their students of
others' success with it.

Thcuseofthecuon‘;rmbymhmforchudemmmﬁommquimﬁmhersmdy.
One of the authors has ahbmmryeonqwuwrtoconductchasdemmﬁmforlarge
groups of students for many years. It took the first few years for him to learn how to make
most effective use of the computer in that mode of operation. Then the computer supported
class meetings tha* v=re far more effective in impact on both student attitude and performance
than those with the traditional instruments. Since the ability to ask the right question takes
extendec experience; onc must be prepared “or a leaming curve with new tec ology and
teaching methods.

Inmanyarcnaswefoundthatwlﬁlesmdentsmgoodatmpmﬁngmtaspectsofﬂleir
behavimtheymmtparﬁculnlygooduuﬁmaﬁngwhutheyhmwmdwhethermeym
proceeding along the comrect learning path, Low correlations between student attitudes and
actual performance not to be unique to the EDAS; they are commonly found in other
educational research. teacher can help students with this matter by assisting students in
t‘;‘ndemanding and predicting the direction in which their classroom exploratiors might take

em.

The presence of the EDAS also stimulated a great deal of behavior directed towards
curriculum exploration and improvement. The flexibility and vervatility of the EDAS enabled
teachers to develop new laboratory exercizes that were simply impossibie with traditional
instruments. The ability to repeat experiments rapidly and with different parameters allowed
students to in a more creative and exploratory style in class. Attention shifted from the
mechanics of the labos: to the principles behind the class work. This shift is
reflected in the enhanced abi 'gwapplycoursepﬁ:ﬁ]ifleswmwmthatwasfoundwith
students trained with the EDAS. The computer in skilled & ids with careful thought behind its
ii:sign #nd us¢ can provide a powerful and effective tool to improve leamning in the science

g
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CHAPTER ii: THE METHODOLOGY OF THE PROJECT

Evaluating The Impact of
Computer-Based Instruction
in the Schools

by G. Christian Jemstedt
and
Tyrone D. Cannon

The claims about the impact of computer-based instruction (CBI) on students range
from the elimination of schools as we know them today (Papert, 1980) to the creation of a
culture of psychopaths (Sardello, 1984). The debate about the impact of CBI has focused on
both the style in which computers should be used in classrooms and the manner in which the
outcome from CBI should be measured (Cumming, 1984).

Thatcompum-basedimtncﬁmmladwsigniﬁcmtimpmvcmmmlminghas
been clearly determined (Kulik, Bangert, & Willi~-.s, 1983; Kulik, Kulik, & Cohen, 1980).
However, the enormous variety of CBI products available for instructors and the rich diversity
inﬂleacmaluseofwmpnwsmﬂlechssmmhavemadedima,uscﬁdaqapﬁcaﬁonsof
rescarch results difficult to accomplish. Evaluation of the actual, in-use effectiveness of CBI
mawﬁalsandmahodsmusgﬂmcfme,beamgularpartofemployingﬂmcmolsmme
classroom. Such evaluations can be called "applied” in that they occur within the context of the
classroom where pedagogical priorit’ss often must take precedence over evaluation needs. For
example, random assignment of students to classes may not be possible in a school where
tracking of smdenubyabilityisapolicy. The need for continuous, integral, valid evaluation
ofCBImokandstylesofnseiscnﬁcaliftheymtobeundaswodmdusedopﬁmaHy

" Unfortunately, evaluation, and especially applied evaluation, is a complex enterprise and few

insiructors routinely conduct such evaluations of their course

We examined current evaluation techniques and designed a process by which
continuous, integral, and valid applied evaluations could become a part of the use of CBI
technolog,. The ~ctual project centered around the design and testing of a new computer-based
educational data ac uisition system (EDAS) for school science laboratories. The intent of the
project was to compare the effectiveness of the EDAS with that of traditional apparatus in the
performance of laboratory science exercises at the secondary school level. The evaluation took
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place ata regional high school during the full academic year, 1985-1986. We worked in
conjunction with the developers of the EDAS, as well as the teachers and administrators of the
school, during both the planning and implementation stages of the evaluation. We will use the
evaluation activities of this actual project as an example around which we develop the central
ideas of how CBI evaluations may be conducted in school settings. Using this actual example,
a case study, not only provides concrete illustrations of the general points being made, but also
cmmmmﬂwpobkmandpitfalhofapphyingtheaymmcﬁce“dnbemvealedand
considered. The methodology of applied CBI evaluation is the focus in the current article; the
data from the particular study by which the general evaluation procedures were tested are
reported elsewhere (Jernstedt, in press; Jemstedt & Rothe, 1986).

THE BASIC EVALUATION DECISIONS

Decision Making Resources

Thacmmanywrmenmourcesthatcanbeofsubstanﬁalhclpincmducﬁngan
applied evalv ion. JuddandKenny(l98l)pmvideﬂ1ebestandmostappmptiaﬁediscussion
ofthcbasicissuesinsuchevaluations,thoughtechnimlsophisticaﬁonisneededtofollowthe
book. Formanyeduwaswithsomeequienceinevaluaﬁon,thehmdbooksbykossi,
Freeman, and Wright (1979) and by Isaac and Michaels (1971) provide encyclopedic reference
information. 1hcclassicmomueforappliedevaluztionsisby€ookand€ampbeﬂ(l979). A
broad, philosophical, yet directly applicable resource is Cooley and Loknes's (1976)
description of educational evaluation. Throughout the present article we summarize and
expand on ideas presented by these researchers.

The Goals and the Type of Evaluation

Themostbasicquesﬁonwehadmaskwaswhytheevaluaﬁmwasbeingundcnaken?
We identified four reasons for conducting such applied CBI evaluations: (a) to obtain
knowledgeofguleralinmabontmelwningpmcessandCBImatu'iaJs,(b)topmvidea
msmeofmmmbiﬁtybedmaknmdadnﬁnkh&swbopmhasemusecmmwﬁﬂs,
(c)mguidefnmimmowmmninthepuﬁeﬂmpmg:mwewcres@hg,and(d)wobmin
fundinrg to support further program development. As is typically the case, we found elements
of all four soals in the project. Principally, however, we were interested in ing the
program and describing its possible effectiveness. We thus were employing both of the two
types of evaluations: formative and summative. Our evaluation was formative in that it was
dhecwdwwudsfeedbmkofhfmmaﬁmabomdwpmgmmwhﬂe&wpmgmmwasmmﬁng
Theevaluﬁmwaalsommmaﬁvemﬂ:apmofwfocuswasonspecifyingtheouwomes
ﬁomﬂwCBIpmgnminagenaﬂsensethacwldbeemployedbyothasinoﬂmm
besides science i Wealsofoundﬂmtourevaluationwasbothapmcmandan
oumomeevnluaﬁm,mmdwithundmﬁndingmepmmmthatmmpodming&w
effe.;xsofﬂleCBIuwdlaswithnncovaingtheeffectsthemselvu. Where we did not find a

It became clear to us tha: althov.zh one can describe in a theoretical sense a hierarchy of
the various types and styles of evaluations (Venezky, 1983), in practice elements of most styles
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and types tend to be present. The issue thus becomes one of making explicit the many implicit
decisions embedded in designing the actual procedures. We found that evaluation is best seen
as "system leaming," in the sense that it is a process by which a set of individuals in an
organization lcam about the complex interaction between their own behavior, the functioning of
the materials and resources they use, and the behavior of their learners.

The school is a rich source of information; as a natural ex:vironment it 2ffords
researchers the opportunity to evaluate programs and innovations in the same context in which
those programs are to be implemented and used. Results obtained in such a sefting are well
suited for application in other, similar envirorments. While the school provides an advantage
toresem:hetsintamsofthegcnmlizabilityofﬁndings,itisalsoadifficultsetﬁnginwhichto
maintain control over experimental procedures. As in other naturalistic settings, many forces
other than the experimenter can affect the manipulation. The present study provides an
example of how the structure of experimental design can be superimposed on the school
sening,duebynguavhgmeﬁeldmhmmmtandminminingtheomndmsmyfm
rigorous scientific research. We remain convinced, as we were when we began, that skilled
educators can conduct high quality, valid evaluations as they educate. They may require
additional assistants or funds, depending on the size of the evaluation, but good evaluation and
good education can occur simultaneously. Furthermore, we belicve that the two must occur
mgeﬂwrifmeeducaﬁmdmesskmm«hcmseimquditymﬂeﬁwﬁvmesa

MEASUREMENT ISSUES
Variables to be Studied

The choice of what variables to sample determines in large part what results can be
obtained. Inanappliedevaluaﬁmwcmaintainthatonemustcastawidenetinchoosi.:g
variables. We chose variables from all three of the domains that influence educational
outcomes: Person, Behavior, and Environment (Bandura, 1978). From the Person domain,
those characterisiics that the student brings to the classroom, we sampled the abilities, previous
school experiences, personality, and attitudes of the students. In the Behavior domain, the
acmﬂacnviﬁesinwhichthekmmgages,wedkecﬂyobwwedﬂwsmdemduﬁngchss
meetings and obtained reports from them about what they did when not in class. In the
Environment domain, the characteristics of the leaming environment itself, we recorded the
attributes of each course in which the CBI materials were used.

Though it might be desirable to assess students using as many different techniques as
possible, such a procedure can overwhelm the evaluator with too great a variety of information.
We obtained data with most of the different assessment techniques that are available, but
concentrated our efforts on four: demographic records in the school, student self-reports,
behavioral observations, and teacher created performance measures. We occasionally used
interviews with students and teachers to collect a supplementary set of field notes to help flesh
out the quantitative data during the later reporting stage, but decided that interviews could not
provide the objective validity that the CBI materials required. For similar reasons, the student
self-report measures were obiained with well-researched, tpublished and locally developed
questionnaires and did not include open-ended questions for extended student written
comments. Furthermore, with the natural availability of teacher prepared objective
performance measures we did not need to employ reports from significant others in the
students lives to obtain verification of their self-reports. We were especially careful to choose
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variables that revealed demographic, cognitive, and affective aspects of the students. Since
there are often differences between preferences for and achievement with CBI (Burger, 1985),
the distinction betw:en cognitive and affective was maintained with the outcome measures as
well; we collected information about both how the students performed and how they felt they
performed.

The Apparatus and CBI Resources

The computer-based system used in the study, the Educational Data Acquisition System
(EDAS), was developed by a team at Creare, Inc. composed of engineers, psychologists, and
educators with funding frewn the U. S. Department of Education. The EDAS is designed
according to sodt;nd human factors smmrds (Sagygcr,fl985) and acl:%nsistzs of sczveralthat
independently developed components a package of software and documentation
integrates the components. The hardware includes an IBM PC with dual drives, serial
interface, printer, and monochrome monitor; a Burr-Brown Data Acquisition System with
analog to digital converter, microprocessor, RAM memory, and various signal processors; and
asetofstanda:dsenmﬁomavmietyofmanufacmre:sthatmcapable of detecting pH,
temperature, pressure, motion, force, conductivity, sound, light, and electricity. The
pedagogical core of the EDAS was the software. A comprehensive software package was
writﬂentoallowsmdentstouseﬂ:eEDASinmuchmesamewayﬂlatalmivctsityorindnslry
rescarch scientist would use & computer. In actual use, the student scientist with the EDAS
makes choices through a series of menus that provide for the collection, storage, analysis, and
display of data obtained by the sensors.

The design oftheappmmsandsoﬂwmhighlightsaphilosophical perspective that
guideddecisionmakingthroughoutﬂlepmject. A dilemma arisss whenever one has to make a
decisionhwdvingﬂnwmpaﬁmnswbemadeinmcevduaﬁmbetwecnmeexrcﬁmnw
treatments being designed and t=sted and the ccntrol treatments (the status quo). Should one
choose the best possible experimental treatment or test a range of possible treatments? Should
onewstamodestexperimentaluwmentﬁmtislikclytobeavailabletoﬂ:eschoolsoronedlat
is exceptional but is unlikely to be available? We maintain th»: in an applied evaluation there is
anopﬁmalanswertoﬂlesequ&sﬁons:meshouidestdlebwtpossiblemuncntﬂlaiislikclyto
be used by the schools. Forexample,wewcrefacedwidldecidinghowmanycompuwr
staﬁonsghmshwldbeindlelatgoratoﬁes. Opﬁmaﬂyeachshndentorpairofsﬂxdentsghoul

chose the powerful mode!. Our reasoning was thai e wanted to know how a good comprter
would affect science leaming not how a rudimentary computer would affect ti:e leaming, We
decided that subsequent studies would be the appropriate place ‘o examine the degree to which

making decisions about the experimental treatment, appli.ed evaluators adopt the perspective of
choosing the maximum contrast within the limits cf what can actually be accomplisiizd in the
natural classroom; in short, create the best, but employ it realistically.
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Research Setting, Subjects, and Sampling Techniques

The setting of the study was a medium-sized, regional public high school located in

Hanover, New Hampshire. The high school was chosen because (a) its students were
ive of many other small, good high schools; (b) an agreement could be arranged

with the administration and faculty to have al! science courses use both the EDAS and their
traditional laboratory exercises, (c) full data could be obtained about students, faculty, and
courses, and (d) the school was near the project headquarters. The population of Hanover and
the surrounding community is largely associated with Dartmouth College, an army research
laboratory, and the regional medical center. The high school, however, draws from a much
larger area, representing both towns and small rural communities.

The high school includes students from grades nine through twelve. Since the project
was concerned with CBI in science learning, only the science department was involved in the
study. The high school science department ofi.s six courses in the four traditionally taught
science areas: 1) a general introductory course in physical science; 2) two courses in
chemistry, one general and one advanced; 3) two courses in biology, one general and one
advanced; and 4) one course in physics with three levels of difficulty. A regular course
sequence of increasing difficulty is followed by most students. All science courses are two
semesters in duration. There are six faculty in the department, approximately one for each
course.

Only students who enrolled in one or more of these six courses participated in the
study. The total sample size was 461 (209 females, 252 males). Although the mean ability
level of the sample is above average, the range in standardized test scores is in keeping with
national norms. Student participation was considered voluntary in principle; any student could
refuse to take part. However, because the study took place in regularly scheduled classes and
involved the regulariy planned leamning materials, no students declined participation. Elaborate
measures were taken to protect the confidentiality of the data so that the evaluators could collect
detailed information about all aspects of the participants' lives.

The Relationship of the Evaluation to the School

The evaluation was designed to preserve the natural environment of the classroom and,
at the same time, to superimpose the structure of experimental control over classroom
proceedings. To achieve this synthesis, we met with the scince teachers extensively and
continually throughout the project. The curriculum of each vourse was examined, and
laboratories which met three criteria were chosen for experimontal comparisons: (a) the EDAS
could sense the process in question, (b) the variables involved could be graphed against time,
and (c) the system could be used in an anslogous way to the traditional apparatus in
demonstrating the process or principle in question.

The laboratories chosen for experiments were taken from the regular curriculum of the
courses; no new laboratories were developed. However, there was a significant amount of
activity associated with pilot-testing labs, which did fall under the rubric of curriculum
development. Much of this work involved adjusting the materials of the textbook laboratory to
conform to the specifications of the EDAS and its sensors. Often the quantities of substances
had to be altered in order to fall within the sensitivity range of the sensors. In other instances,
the substances themselves were changed so that an EDAS sensor could be employed. These
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altered 1aboratories, however, retained the basic procedures and conveyed the same principles
as the established textbook versions. In addition, any changes in materials that were made to
accommodate the EDAS also apglied to the traditional treatment groups.

Since part of the evaluation strategy was to employ the EDAS as realistically as
possible, we examined two different styles of use. For about half of our experiments we
studied the use of the computer to assist the teacher in presenting a demonstration 1o the class.
In the other half of the experiments we examined the direct use of the cemputer by students in
laboratory sessions. This 50/50 proportion approximated the actual proportion ttat the two
styles of use were employed by the teachers,

In applied evaluations it is not always possible to obtain uniform usage of the
experimental treatment across all possible conditions in the school. Some teachers were more
willing to participate in the present study than others. In general, it was noted that the teachers
initially appeared resistant to change in their teaching practices and reluctant to take initiative in
finding applications of the EDAS in their own curricula. This observation is supported by
recent studies which demonstrate considerable resistance to technologica! innovations on the
part of teachers (Stimmel, Connor, McCaskill, & Durrett; 1981). Some or the teachers'
reluctance to participate may also have been due to the additional time and effort required to
pilot-test laboratories for the EDAS. ’

We counteracted this situation by maintaining a constant presence in the school;
providing the initiative to plan, pilot-test, and schedule iabs; assuming all or most of the work
associated with setting up and testing the EDAS for each lab; verbally reinforcing with the
teachers the need to conduct many experiments in each course; and offering several forms of
compensation to both the teachers and the school. The importance of this presence cannot be
overemphasized for applied evaluations. A semester of work in the year prior to the actual
cvaluation yielded little infcrmation when we did not maintain this presence in the school. One
might question whether the: presence actually changed the classrooms enough to distort the
results. Although no concrete evidence is available to answer this question, both the teachers
and the students reported thai the presence and activities of the field manager encouraged and
enabled them to participate in experiments that they would not have otherwise done, but did not
actually change their behavior during the experiments. We noted that teachers' willingness to
participate in the project improved first use and continued to improve over time, as they
found the work load to be approximately what it normally was for them.

this problem was fortunately resolved, we were also concerned with the potentially disruptive
effects of teacher negativism or enthusiasm toward the EDAS. We counteracted the possibility
of deleterious instructor effects by carefully outlining the evaluation's experimental procedures
ard indicating the potential sources of systematic error to the teacher before each lab. In
addition, if the laboratory was a teacher demonstration, we observed while the teacher practiced
with the procedures using both the EDAS and traditional apparatus during pilot-testing, and we
indicawdthoseaspectsoftheteachers'delivery which needed to be changed in order to make
the presentations equivalent. Finally, we also maintained a presence in the actual cl~-sroom as
observers; we discarded the data from labs in which extraneous events caused the classroom
proceedings to differ between treatments.
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One must exercise great care in dropping data. Since the goal is to obtain an accurate
picture of what is occurring, when problems during an observed class are likely to provide a
false view of events, those data must be dropped. For example, if during a class session the
traditional or CBI apparatus failed, a fire drill or other such unusual interruption occurred, or
critical comparative data were missing, then one must not included data from that session in the
analyses. On the other hand, it is crucial that data not be discarded because it appears that the
results are not in the cxpected direction. The discarding of data or experiments must occur
prior to the determination of the relative outcomes from the experiment or serious bias will
destroy the validity of the evalution.

We often found ourselves preswning a degrze of structure, organization, and adherence
to schedule that was not evident in the school. Some teachers were more organized than
others, and for some courses it was possible 1o plan all of the experiments for the year at the
beginning of the project. For other courses, the field manager checked in with the teachers at
monthly intervals to plan laboratories for each time period.

The planning aspect of each laboratory consisted of obtaining and connecting the
necessary sensors, pilot-testing the actual laboratory procedures with both the exper%mmtal and
traditional apparatus, designing the experimental procedures by which to compare the two
instructional techniques, developing lab manuals and instructions where appropriate, and
scheduling the experiment. This 'golanning was directed by the teacher with the full support of
the evaluation field manager. Although some teachers rigorously followed thsir planned
curricula, most courses were significantly behind schedule in their syllabi at the end of the first
semester and at the end of the year. The teachers often cancelled laboratories and complete
sections of the course cucricula in response to these delays.

It was recognized, however, that the presence of the researchers and the project itself
were secondary in importance to the presence of the teachers and students and the enterprise of
education. In all of our relations with the high school, we stressed our understanding of and
ag.cement with this hierarchy. At the same time, we emphasized the need for multiple tests of
the EDAS and for rigor and precision in experimental procedures. In practice, there was a
considerable degree of cooperation and flexibility maintained by both the teachers and
experimenters.

Compensation to the school

We noted previously that various forms of compensation were offered to the teachers
and the school in exchange for their participation in the study. Compensation was an essential
feature of the evaluation, since we required use of both the personal resources of the teachers
and students and the physical plant of the high school. Although we initially expected to pay
the teachers directly for e:xtra time they spent that would not have been required in the normal
course of events, that became unnecessary. The presence of the field manager eliminated most
of this extra time requirment for the teachers. Compensation to individual teachers took the
form of increased assistance for the teachers from the field manager. The form of
compensation for the school involved the transfer of ownership of the EDAS to the school
upon completion of the project.

In addition, we were able to offer the science department compensation in the form of a
wealth of information about its courses. For each course we provided data on the effectiveness
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of the learning materials, the instructor, and the various instructional media, on student
ions of and attitudes toward the course, and on chara. ‘ristics of students who enrolled

in the course. These data were obtained from surveys admin:  -ed to all science students three
times during the year.

The school's experiencing of the evaluation, itself, also produced other indirect gains:
(a) considerable curriculum development, planning, and structuring was associated with the
evaluation; (b) data on the relative merits of instructional approaches were collected and
analyzed; and (c) the practical experience with evaluation research prepared the school and the
students for subsequent investigations both in-house and by outside evaiuators. All of these
features have survived beyond the term of the project. The science department has included in
its own budget for 1986-1987 funding for the administration and analysis of the surveys we
constructed for the present evaluation.

THE RESEARCH STRATEGY

As indicated above, the principal strategy of this applied evaluation was to mesh the
research design and procedure with the curriculum of the courses and the normal functioning of
the classrooms. In the following discussion, we describe the methodology of the study and the
tactics employed in executing this general strategy.

Experimental Design and Group Assignments

We applied a relatively novel approach to applied evaluation by designing the study to
be analyzed with meta-analytical techniques (Glass, 1976; Wolf, 1986). We conducted
nineteen individual experiments in which the EDAS was compared to traditional laboratory
science instruction. Computations of effect sizes, in additional to statistical significances, were
employed to survey the overall effectiveness of computer-based science teaching ard to assay
the influence of various study features on both attitudinal and educational outcomes. These
analyses are innovative for applied evaluations in that they are applied to data obtained in the
same setting, using the same subjects, and employing standard instrumentation, design, and
procedures. We highly recommend them. These procedures offer the ability to make broad yet
accurate summaries of a huge body of data. The conclusions can be stated more clearly and
simply than can the results of 19 separate experiments. Finally, the meta-analytic, quantitative
summaries are more likely to generalize accurately that would a verbal summary of ths 19
different sets of results.

In an applied evaluation the choices among the three factors that differentiate between
rescarch designs (Judd & Kenny, 1981) are fairly obvious. The first factor, how learners are
assigned to the different treatments to be tested, is typically determined by the existing class
arrangement. The second factor, whether a pre-treatment measure of the subjects is taken,
simply must be a part of an applied evaluation because of the many forces preventing random
assignment of students to treatments. The third factor, whether all participants experience all
treatments or crily some, is best handled by repeating the treatments enough times that all
participants do receive all treatments. The meta-analytic procedures described above are quite
consistent with this decision.

For the present study, two treatment groups were established for each experiment, one
using traditional apparatus and procedures and one using the computer-based EDAS approach
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in the performance of laboratory exercises. The sectional divisions of each course were
followed in forming group assignments for the 19 experiments. We randomly assigned use of
the computer to one to three sections and use of traditional apparatus to one to three sections,
with the total number of treatment groups dependent on the number of sections in each course.
In some experiments, however, the length of the exercise prohibited use of the computer for
more than one lab group (4 to 6 students) within each section; in these instances, we randomly
assigned use of the EDAS to lab groups. This is an example of turning a prescribed condition
in an applied evaluat’ .a into a design feature. By so varying the manner in which lab groups
accessed the computer, we were able to make an additional, unplanned comparision, between
two different, realistic ways of employing the computer in class.

Because most students follow a regular course sequence in e science curriculum,
class year was a major determinant of enroliment for each course. In addition, ability leve!
contubuted to course selection and to sectional placements within a course. Although the
science courses lacked a sufficient number of ability-selected sectio..5 20 create a higher-ordor
desigu (treatment by ability), we included steps in the analyses to check for the potential effects
of ability on the treatment outcomes and control for ability as a possible confound through
analysis of covariance.

Lab groupings were teacher-selected at the beginning of the year. Although method of
grouping has been shown to affect performan-e in and attitudes toward laboratory science
courses, we did not aitempt to manipulate this variable in the present evaluation. The teachers
altered lab group assignments on some occasions throughout the year, but these decisions were
made without respect to the evaluation. We made no changes in the established groupings for
experimental purposes.

Student Data Measures

Our goal in collecting data was to use standard, validated questionnaires and tests
wherever possible. Table IL1 presents an overview of the data that were cbtained about the
students. The standardized test scores, grades and demographic profiles of the subject
population were obtained from the transcripts on file at the high school. The standardized tests
included the Metropolitan Achicvement Test, PSAT, SAT Aptitude and Achievement Tests,
and a national test administered only to sophornores. Not all students took all tests.
Throughout the data analyses we never estimated missing scores, instead for any given
comparision we employed only thoses students for whom we had full data.

Grades from all previous course work in English, science, and mathematics were
obtained for each student. No achievement data were available for the current year, except for
the students' semester and final grades in their science courses. This situation meant that the
only achievement data available for freshman subjects were current science course grades.

Demographic information collected for the evaluation included class year, year of birth,
}lfirth orcer, family size, gender, junior high school, and number of years in attendance at the
ugh school.
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Table 111
Variables and Data Measures

Domain Source of the Data Measure Obtained
Person school transcript standardized test scores
courses taken
previous grades
self-report inventory demographic information
personality
study habits
leamning style
attitudes towards school
daily class questionniare attitudes towards class
attitudes towards computers
Behavior ovuservational checklist on- and off-task activities
interviews actions during class
Environment school records course characteristics
self-report inventory instructor characteristics
course characteristics
interviews instructor charartaristics
course characteristics
Outcome teacher graded work lab reports
quiz scores
examination scores
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Based on previous psychometric work and extensive pilot studies, we constructed a
self-report inventory using 5-point scales to assess students' learning style, stedy habits,
academic and social self-esteem, and satisfaction with their school performance. A number of
the personality questions were directed towards self-efficacy, since perceived self-efficacy may
be an iraportant aspect of school achievement (Schunk, 1984). In addition, the inventory
asked students to evaluate various aspects of their course, including instructor characteristics,
grading criteria, and overall quality. The original version of this survey was composed of 160
‘ questions; this form was administered during the pi -testing phase prior to the actual
- evaluation and factored to the current form, which consists of 69 questions. Three versions of
the inventory were established, all of which were equivalent in form and questions asked, but
which differed in terms of length and timing. One version asked students to answer according
to what they expected their science course to be like for the current year; one asked students to
amweraccordingwwhatﬂnyhadupaieneedindnirscimoomedmingmeﬁmsemesm;
and one asked students to answer according to what they had experienced in the science course
during the second semester. The last two versions included 41 additional questions which
asked students to rate the various instructional media and course materials on three dimensions:
usefulness, difficulty, and integration with the rest of ths course. The pilot phase of the project
before the actual year of evaluation began was of major value. We were able to local many
¥ ;;lmes.of difficulty and improve many procedures before they could jeopardize the actual
evaluation.

Treatment Outcome Measures

A daily report &uestionnaim was constructed using 5-point scales to assess pre- and
post-clasi attitudes in the experimental lab sessions. On these daily reports students were
asked to rate their enjoyment of the class, their interest in the subject matter, the difficulty of the
clase, {neir enjoyment of using computers, ai:d their level of comfort in using computers. In
addition, two unique questions were asked on the pre-class form to assess before-treatment
motivation to learn and to do well. Six such unique questions were asked on the post-class
survey: the amount of knowledge learned in that day's class; students' confidence in their
abilities; the effectiveness of the methods used to leam; the students' certainty with the
procedures; the criginality of their work; and the hurriedness of that class period.

An observational checklist for the assessment of teacher and student behaviors was
developed with extensive pilot work and used in the class labs. Three categories of teacher
behaviors were included in the checklist: off-task to all students (e.g., out of the room);
providing individual attention; and providing group attention to all students (e.g., lecturing, as
in a demonstrat.on). Observations of teacher behaviors were recorded at one-minute intervals,
The three categories of teacher behaviors were considered mutually exclusive; only the single
category moctditflayed during an observational period was recorded. Six types of student
behavior were included in the checklist: off-task; group-oriented (in the performance of the
task); individually engaged with the instructor; attending in a group to the instructor; attending
to the apparatus; and note-taking. Estimates of the proportion of the class engaged in each
- category of behavior were recorded after each successive minute of class time, Types of

student behavior were not considered unique; the same student who displayed t-vo types of

behavior during a single interval was counted in the total proportion for each cawgory. The

propoctions of the class engaged in all categories in an observational period could sum to more
) than one. Five fractions of class participation were used by the observers: 0, representing no
- students; 1/4, representing from 1 student to 1/4 of the sample; 1/2, representing more than 1/4
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of the sample but not more than 1/2; 3/4, representing more than 1/2 of the sample but not more
than 3/4; and 1, representing more than 3/4 of the sample.

Assessment of academic performance wzs made by obtaining teacher-graded reports,
quizzes, and exams. No special performance measures were constructed; only the the
assignments included in the normal grading process were analyzed. Data prepared for analysis
includec scores on each guestion of a particular exercise that related to the students' work
during the laboratory; soscale scores formed by summing the raw scores of all related
questions; and the total scores of each exercise. The subscale groupings were created to
classify student performance dc;nains: fact recall, use of principles, and upplication or
extrapolation of information to new situations. Variables such as these subscale groupings
have been labeled measures of scientific literacy (Arons, 1984).

Procedures

The field mnnztgcrmeduexpetimentathmughoutd:eevaluaﬁon. Not only did this
give him full control of all procedures and ensure the maintenance of good scientific methods,
1talsoencomgedmesmdemtomumeammecmmlmannawhenﬁlﬁngoutfom,ashis
presence came to represent for them a thoughtful self-reporting of their states.

’Ihesequenceofpmeedumfolloweddm'hgdxeevaluaﬁonisillusmwdinﬁgurelll.
Thcself-nponinmwﬁesmadminhmmwhwmduﬁngtheﬁmmmofﬂw
first semester, in the first two weeks of the second semester, a id in the final two weeks of the
academic year. Adminigtrations were made in individual class meetings. For sll
administrations, the experimenter read standard instructions, part of which cited examples of
howswdentmpmsumuhnseﬁouslymdmmakingadiffmeemﬁwmythc
courses were taught and organized. These statements to the students have a positive effect and
can significantly improve the accuracy and validity of the self-report measuses.
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Participant Project Phase Activities

Design  Pilot Study Main Study

Sept Apr Aug Sept Jan May

f fill out full set of
preliminary questionnaires

f f 4 complete personal questionnaires

rticipate in classes (both
e patradi‘t)ignal and expeémental)

student

teacher f establish liaison with evaluator

4 plan experiments with
comparisons between
treatments

! j teach traditional and
experimental classes

evaluator f prepare questionnaires
decide on treatments

olan treatment comparisons
select population

establish liaison with school

? conduct pilot studies

1 ] redesign materials and
planned comparisons

1 j conduct comparisons
between traditional and
experimental treatments

LKey: fsingle occasion L— continuously

Figure I.1. The temporal sequence of activites engaged in by each of the participants in the
applied evaluation.
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Experimental comparisons of the two laboratory instructional techniques were
conducted throughout the academic year. 'mesecxpcﬁmentallabsfollowedthemgularlopical
sequences and schedules as established in the course syllabi. A standard was
followed in each exp=riment. Amranendmwastakmbyﬂwmhu,ﬂwexpaimta
addtessedtheclass,indicaﬁngthataspmofﬂ\eon-goingevaluationofdwirscicncecomse,
gsmdentasn:mbein&askedm gmlomtv{&qwﬁmm‘;mmmday’ﬁsmomath;l

ginning and one at o prevent the experimenter’s presence ing strongly
asmciawdwiﬂlﬂnEDAS,wthasnﬂenmexpmwdmusethesysmminpuﬁcmnmsiom,
th:expaimcnualwevalcmdclasmeeﬁngsinwhkhexpaimnlcompaﬁsmsmnm
being taken. hadermpmventexpecumyeﬁectsﬁomdlstaﬁngﬂ\epm-classdaﬂyreports,
mcEDASwuminthemomduﬁngthcinmdmﬁomfaansecﬁmsandinphhvicwof
all students. Oneemsmdenumﬁnishedﬁningoutmepe-classmthcexpaﬁnenm
aﬁmedhbmmmmmuwmwmmwwmdobsmﬁom
of teacher and student behaviors. Inthoseexpetimentsforwhichsecﬁonalgmupassignmcnts
were made, the observers filled out checklists for each section. In those experiments for which
mm:divhimsmmdebyhbmtheobmmﬂmmdmdingone-nﬁmw
mmmmwmmemmmtmwmwhm In all studies,
andﬂlepostchuquesﬁomahesmhmdedmtwmhgtmpofsmdm&asmeyﬁnished

'Ihedualroleoftheﬁeldmmguasapmmenu‘ and guide for the teachers in the use
of the EDAS posed a problem. Onsomeoocas:onstheappmmsdcvelopedwchnicalpmbluns
whﬂeﬂ:esuﬂensmpaforming:hehbmayexatim. In most cases the students or the
teacher could correct the problem. For major problems, however, the experimenter was the
onlypersonpmsentwiﬂlsuﬁicientknowlﬁdgeofﬂcsysﬁemtoaaendtothem If these
problemswcremilyandquicklymcwd,thedataﬁomthatsecﬁonwaeretained;howcver,
if the problem necessitated prolonged and involved attention by the experimenter, the data from
that particular section were discarded, Thoughthesepmblemswcreinfrequeut,havinga
prmowlprepmedwdealwidlthcmwashnpommfmminimizinginmfmmewithboﬁlthe
teacher’s and the evaluator's goals.

Data Processing

The preparationof datafora  -is involved converting each raw set of Jata into a
standard matrix format. We employe. variety of multivariate data analysis procedures to
exploreﬂ)edata,usingapuckxgeofsoﬁwmthatprovidedahigh level of interaction between
investigator and data. It is very easy to lose sight of the data in a complex evaluation due the
sbpdel: tlx:cumbt:rof numbers. The use of m staﬁsﬁc;lk%acthk:ges maintains a closez;ontact
wi numbers being manipulated. policy was to conservative approac
Wuemmultiplemtswmmade,weadjustedsigniﬁcancelevels to reflect the many tests being
performed. We tested all assumptions about distributions of data that were required fcr tne
various statistical tests. We graphed data frequently to directly observe the shape of effects we
were studying. We strongly urge a similar approach for other investigators. A large data base
and powerful analysis techniques are seductive to the evaluator: conservative procedures can
prevent nalysis from becoming a fishing exper*:“ion for results. The goal must always be that
of discovering the pattems that exist in the dat, not in proving certain hoped for findings.

Weexpecwddaatwcwouldmedmcovaryacadenﬁcabﬂityinmanyofouramlym
because our outcome measures involved traditional lab reports and examinations and because

42




Sreare

some classes were stratified by ability. Our intent in collecting the many different standardized
tests was to find an objective measure of ability that could be used as a covariate in the analysis
of the treatment outcomes. To this end we created a single ablity matrix by combining all
aptitude and achievement subscales in a single matrix. This matrix was then factor analyzed.
Tke resulting rotated factor pattemn revealed a three-tiered hierarchy, acc. sunting for 70% of the
total variance. The factors were (a) general mental ability, which accounted for 50% of the
variance; (b) demonstrated achievement (15% of variance), best represented by cumulative
class rank; and (c) specific mental ability (5% of variance), in the area of mathematical
abstraction. We chose the semester grades in the science course as the best representative of
the general mental ability factor and used it as covariate in the analyses.

With the observational checklists for each category of student behavior, we counted the
total number of times each of the five possibie fractions of class participation (0, 1/4, 172, 3/4,
1) occurred. We also counted the frequencies of each category of teacher behavior. This
procedure was performed on the data for each treatment group in each section of the course.
The data of common treatment groups were then summed across sections, producing a2 X 5
frequency matrix for each category of student behavior (treatment by proportion), and a2 X 3
frequency matrix of teacher behavior (-eatment by category).

CONCLUSIONS

The results of the evaluation were most illuminating. As mentioned above, these
results are summaried in Chapter III.

For the present paper our goal was the understanding of the applied evaluation process,
itself. We conclude that sophisticated applied evaluations are possible in the school. The goals
of the evaluator and the goals of the educator can be met simultaneously, with little serious
compromise required for either. In fact, the educator and evaluator can ephance each others
objectives. This conclusion is bome out by the behavior of the teachers subsequent to the
cvaluation. The school is actively pursuing evaluation of other aspects of the science
curriculum and other departments are inquiring about how they, too, can collect such data.
This facilitation of on-going evalution practices will also make it easicr for other researchers to
work within the school. Thus not only can the goals of the applied evaluation be met, but a
style of curiosity and effective evaluation can be established in the school for the future.
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CHAPTER (II: RESULTS

A Meta-Analytic Experimental Comparison
of Computer-Based and Traditional
Laboratory Instruction

by G. Christian Jernstedt

Though the claims and expectadons for computer-based instruction (CBI) benefits in
education have cften been excessively great, it is clear that computer-based teaching can have
positive effects on students’ attitudes and leaming (Kulik, Bangert, & Williams, 1983).
Research that is directed at uaderstanding the natare of the impact rather than whether it exists
or 20t now seems to have the most appropriate emphasis. he need to understand more fully
the impact of CBI is especially acute in science leaming for a number of reasons. First, there is
little CBI research that has been directed specifically at the science leaming area. Furthermore,
computers ave particularly important tools in university and industry science research so there is
a great deal of pressure on science teachers to integrate computers into their curriculum. The
use of comprters in science teaching also appears to be an especially promising way of
carrying out Maehr's (1983) recommendaticn that science instruction help students develop
independence in their leaming, become confident of their abilities, and function well in
envircnments where they can explore on their own in ways similar fo the ways that
professional scientists use. Finally, it is clear from the analyses of the National Assessment of
Educational “rogress data (Walberg, Pascarella, Haertel, Junker, & Boulanger, 1982) that
classroom morale and direct instruction from the teacher are the key variables in producing
positive impact in the classroom. Since CBI has been implicated in both improving morale and
enharcing direct instruction, it is a potential tool for i:gproving science education that must be
more fully understood. The present study is directed t refining our understanding of
computer-based instruction in the science classroom.

The impact of CBI on educational outcome can best be conceptualized in terms of a
three element model of human behavior that ascribes instructional outcome to the joint effect of
three domains of influence, the behavior of the student in the learning sit. "on, the cognitive
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and affective internal states that the student as a persca brings to the classroom, and the
environment of the classroom itself (Bandura, 1978, Jemstedt & Chow, 1980).

In work relevant to the person domain, Kulik, Kulik, and Cohen (1980) reported that
attitudes and performance were not found to be directly linked in studies of CBL In some
studies attitudes improved while performance did not. In other studies performance improved
but dropout rates also increased. Kulik, et al. (1983) found improvement in both performance
and attitude, but the attitude results were relatively small. The impact of CBI on attitudes
towards science is a matter of considerable importance, as attitudes determine future motivation
towards science (Tamir, Welch, & Rakow; 1985) and there is evidence that science attitudes
decrease as students in secondary schools have more exposure to science (Hofstein & Welca,
1984). Since attitudes in science courses are multidimensional, and include attitudes towards
the course and its scientific discipline, the teaching methods employed in the course, and the
actual class activities (Okebukola, 1985), the present study collected a variety of attitudinal
data.

In the behavior domain, time on task is the principal variable that seems to predict
academic achicvement (Seifer & Beck, 1984). Level of task engagement has a strong impact
on achievement and is, itself, influenced by teacher behavior (Tobin, 1984). Previous work,
however, has failed to isolate the particular components of laboratory behavior that are most
directly related to achievement gains. Okebukola (1985) reported that practical skills such as
manipulation of the apparatus were important in understanding higher level, more cognitive
outcomes. The present study included a set of behavioral measures of both teacher and
student. These measures were specially developed to isolate the particular aspect of the
laboratory activities that were most directly relatad to achievement. However, the direction of
causal impact was not assumed to be from behavior to cognitive outcoine. Rather, the
behavioral and the cognitive outcomes were each considered to be separate, though probably
related, components of the science learning process (Hacker, 1984).

The achievement outcomes from the science learning were also approached in the
present study as multidimensional processes. In light of previous work, the performance tests
were divided into three categories of performance: fact recall, use of principles, and application
ability (Nicolson, Bowen, & Nicolson, 1984; Tamir, 198S).

For both practical and pedagogical reasons, computers have been employed in two
different modes in science laboratory instruction. The most obvious mode is that in which
students themselves use the computer, in place of traditional apparatus, to conduct
experiments. In contrast to this mode of active student use of the computer is the instructor led
demonstration. In this mode the instructor employs the compater, in place of traditional
apparatus, to conduct a demonstration which the students observe but do not physically
pasticipate ir.. The literature on mode of apparatus use, whether the apparatus is a computer or
not, is mixed. Some investigators find no difference between the two modes of use (Bates,
1984). However, others have n:'pomd relevant data that smaller classes are associated with
higher achievement (Smith & Glass, 1980) and that the laboratory must play a central role in
science teaching (Welch, Klopfer, Aikenhead, & Robinson, 1981).

Of particular importance to the mode of use of the computer is the teacher's behavior.

Class size, per se, may be less important than the teacher's actual activities with students
during class (Rosenshine, 1979). Practically, the demonstration mode is easiest and the least
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expensive mode, since only a single computer and one trained user is required. It is likely that
this simplicity and economy may encourage teachers to adopt the demonstration mode as the
preferred. Thereforc it is important to resolve the issue of whether one or the other mode is
more effective in its impact on the educational outcome. In the current study, both modes were
emipl~ved and compared. Furthermore, for the treatments where students actively used the
computer, class size was systematically varied in order to separate the mode of use effects from
the class size effects.

Though not directly apparent in their results, there is a suggestion in the meta-analysis
conducted by Kulik, Kulik, & Cohen (1980) that the novelty of computer-based instruction, in
addition to the actual instructional effect of the computer, may have influenced the quality of
leaming. The issue of previous experience with corzputers has not been directly examined for
its possible impact on the use of CBL Yet differences in degree of experience with computers
are large across teachers as well as across students. '7he present study examined degree of
experience of teacher and students for its impact on the effectiveness of both traditional and
computer-based instruction.

A variable that emerged in the field notes during the pilot studies that preceded the main
experiments of the present study was time of year. The behavior of the students, in terms of
attention to laboratory work and motivation for studying, dropped dramatically as the academic
year drew to a close. Teachers anticipated this by avoiding standard laboratory work near the
end of the second semester. Since CBI influences time on task, the possibility of an interaction
between CBI effectiveness and time of year must be considered. Moreover, since many of the
teachers i the curreat study were not highly familiar at the beginning of the year with the
computer methods that they were employing and had their students employing, the possibility
of anovelty effect existed. Accordingly, the effects of the CBI treatment were separated in the
present study into two time periods: the beginning of the year when novelty and unfamiliarity
might be affectin performance, and the middle of the year, when the end of year decay had not
yet reared its head and the novelty of startup had diminished.

A very unfortunate and confusing feature of much of the work on the impact of CBI
has been the confeunding of the media, computers, with the mode of use. Meta-analyses of
different media have shown positive effects on educational achievement for most of the major
media techniques that have achieved popularity (Pintrich, Cross, Kozma, & McKeachie,
1986). Howevcx, as Pintrich, et al. point out, a problem in this research has been that the
method and the media of instruction have been confounded, perhaps because of reporting
procedures or because it is difficult in some instances to distinguish between them. The
method »f using the computer was unconfounded from the media in the present study in two
ways. The software developed with the computer system was specifically designed to be
genetic, in the sense that it did not require students or teachers to follow a fixed format or
curriculum. Rather the software presented a menu of tools that could be employed in any way
the user desired, so that the user, not the computer, determined the methods. Secondly,
teachers and students used both traditional apparatus and computer-based apparatus in
conducting their work. Each participant experienced numerous occasions of using each media.
This combining of all subjects with ais treatments was a major feature of the design and
something that has been missing in too much cf the previous work on CBL The goal of
separating the computer, as media, from the methods hy which it was used appeared to be
accomtplished; in the laboratory, students were observed to be using, at one time or another, all
four of the classifications of type of computer use that Rushby (1979) has made: instructional,
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revelatory, conjectural, and emancipatory. It should be noted that the one methodology feature
that was built into the computer system was to make it visually based, both because of the
value of visual-based instruction (Cohen, Ebeling, & Kulik, 1981) and because the automatic
graphing of data by the computer seems to be a major use and value of computers in the science
classrcom.

Previous work on CBI has focused far more on tlie computer's impact on the students'
behaviors than it has attended to the teachers' behaviors. However, many classroom variables
related to teacher behavior influence science achievement as much as student ability (Tamir,
Welch, & Rakow, 1985). Some work indicates that CBI is effective because it allows the
teacher to Eemvide more individua! attention to students (Evans, Mickelson, & Smith, 1984).
One must be careful, though, not to ascribe a unidirectional impact of teacher behavior on
student behavior; the impact of student and teacher behavior appears to be bidirectional (Doyle,
1979). In the present study both teacher and student behaviors were examined for their mutual
impact on the educational outcome.

The goal thrcughout the decign of the present study was to cast a wide net in an effort
to detect the full richness of the processes influencing the impact of the computer on science
learning. Coupled with the wide net was a conservative statistical approach to guard against
overgeneralization and the quick but unreliable or invalid answer.

METHOD
Subjects

Four hundred sixty one students (209 females and 252 males) snrolled in six laboratory
science courses at a regional high school participated in the study. Students in grades nine
through twclve were approximately equally represented in the sample.

Treatments and Conditions

Because most students follow a regular course sequence in the science curriculum,
class year was a major determinant of enrollment for each course. In addition, ability ievel
contributed to course selection a.d to sectional placements within a course. The high school
science department offers six courses in four basic areas: 1) a general introductory course in
physical science; 2) two courses in chemistry, one general and one advanced; 3) two courses in
gi?fliogy, one general and cae advanced; and 4) one course in physics with three levels of

ifficulty.

The study employed two different types of laboratory apparatus: the largely mechanical
apparatus traditionally used in the classes and a computer-based educational data acquisition
system. Both the computer-based and the traditional apparatus were employed in two different
modes of class meetings. In 11 of the laboratories the teacher was the user of the system,
giving a demonstration to the assembled class. In the other 8 laboratory sessions the students
employed the computer-based system directly. For both different medes of use, the sectional
division_. of each course were followed in forming group assignments tor the experiments. We
randomly assigned use of the computer to one to three sections and use of the traditional
apparatus to one to three sections, with the total number of treatment groups dependent on the
number of sections in each course. In § experiments, however, the length of the exercise
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prohibited use of the computer for more th :n one lab group (4-6 students) within each section;
in these instances, we randomly assigned use of the computer system to smal lab groups rather
than to the whole section.

The degree to which computers were used in other ways during in each course was
recorded and converted to a variable indicating the combined instructor and student degree of
experience with computers. Time of year was also coaed, either as the beginning of the year,
when teacher and students were becoming familiar with procedures and each other, or as the
middle of the year when procedures had become familiar and regular but the end of year
malaise and loss of attention had not yet occurred. The start of year period corresponded
roughly with the first half of the first semester, while the middle of the year corresponded
roughly to the second half of the first semester and first third of the second semester.

Apparatus

The computer-based educational data acquisition system (EDAS) that was used in this
study is a laboratory computer system developed with funding from the U.S. Department of
Education by Creare, Inc. The EDAS consists of several components, including an IBM PC
dual drive computer, a Burr-Brown Data Acquisition System, and a special’ constructed
software package. A variety of physical sensors (pH probe, conducti vity meter, pressure
transducer, thermocouple, accelerometer, optical density sensor, and light source) connect to
the system. The dependert variable measured by the sensor is graphed against time, with the
rate and total time of sampling positioned along the x-axis of the video display. The system is
modular; new sensors can be integrated by inputting the conversiun ratio and other
specifications of the sensor. User input is by single-character keyboard commands during data
;:)él;ﬁtiﬁﬂ. The entire system is menu-driven, using directional keys that control a movable

ighlight

Measurement Instruments

The organization of the measurement instruments used to obtain data about the
particpants in the experiments is indicated in Table IT.1. Based on previous psychometric
work and extensive pilot studies, a self-report inventory was constructed using S-point scales
to assess students' learninlg style, study habits, school activities and attitudes, ity
(including motivation, self-esteem, and social behavior). The inventory also collected other
demographic information. In addition, the inventory asked students to evaluate their course on
a number of dimensions, including instructor characteristics, particu'-r features of the course
(¢.8., lectures, labs, audio-visua! instruction, computers used in lat -, and overall quality.
The original version of this survey was composed of 160 questions; this form was
administered durirg the pilot-testing phase (the spring semester preceding the 85-86 academic
year) and factored to the current form, which consists of 110 questions. Three versicns of the
inventory were established, all of which were equivalent in form, length, and questions asked,
but which differed in terms of timing. One version asked students to answer according to what
they expected their science course to be like for the current year; one asked students to answer
according to what they had experienced in the science course during the first semester; and one
asked students to answer according to what they had experienced in the science course during
the second semester.
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Table IT1.1

Domain Source Interval of
of information measurement

Person Student Semester

Person Student Laboratory

Person School Year

TN411

Variable being
measured

Learning style
Study habits
School activities
School attitudes
Personality
Demographics

Attitudes towards class
Enjoyment
Difficulty
Interest

Attitudes towards computers
Enjoyment
Comfort with

Motivation
To leam
To do well in course

Attitudes towards lab
Knowledge gained
Confidence in abilities
Effectiveness of methods
Know what are doing
Independence
Rushed

Courses taken
Grades in courses
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TaebleIL1  (continued)
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LComain Source Interval of
of information measurement
Behavior Observer Laboratory
¢ Behavior Teacher Laboratory

TN411

Variable being
measured

Off-task

Group involvement

Individual attention from teacher
Attention to teacher by group
Attention to the apparatus
Writing / note taking

Lab report
Fact recall
Graphing ability
Use of principles
Application ability
Total score

Examination
Fact recall
Use of principles
Application ability
Total lab question score
Total exam score
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Table II.1

Domain

Environment
Environment

Environment

Environment

Environment

(continued)
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Source Interval of
of information measurement
School Year
Teacher Year

Student Year
Student Semester
Experimenter Laboratory

TN-411

Variable being
measured

Demographics
Course characteristics

Student expectations
for the course

Course chaructcﬁsti_cs
Instructor characteristics

Science discipline
Degree of computer experience
Time of year
Mode of use
student active use
instructor led demonstration
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A daily report questionnaire was also constructed to assess pre- and post-class attitudes
in the laboratory sessions. As with the inventory, thes: daily zeports employed 5-point scales,
where one extreme represented full agreement and the other extreme repiesented no agreement.
On these daily reports, students were asked to rate their enjoyment of the class, their interest in
the subject matter, the difficulty of the class, their enjoyment of using computers and their
degree of comfort wiin using compaters. In addition, two unique questions were asked on the
pre~class form to assess before-treatment motivation to learn the material and to do well in
class. Six such unique questions were asked on the post-class survey: the amount of
knowledge students felt they had leamed in the class; the students' degree of confidence in their
abilities during class; the effectiveness of the mehods used to learn i1 class; the degree to
which students’ felt they knew what they were doing in class; the degree to which students
followed directions or worked i tly; and the extent to which students felt rushed
during the class period. Teachers out a similar form after the class meeting reporting on
what they thought class was like for the students.

An observational checklist for the assessment of teacher and student behavinrs was
dewvelcped with extensive pilot work and used in the individual laboratory sessions. Three
categories of teacher behaviors were included in the checklist: off-task o all students {e.g., out
of room); providing individual attention to students; and providing attention to groups of
students (ei%é lecturing). Observations of teacher behaviors were recorded at one-minute
mﬁ:rvagle three categeoﬂelca ;fed w;chcr behaviors were n:fwd:tded mutually exclsusive; onlyf

single category most dis uring an observational period was recorded. ix types of
student behavior were inclu&d in the checklist: off-task; on-task group involvement in
laboratory activities; receiving individual attention from the instructor: attending as a group to
the instructor; attending to the apparatus; and note-taking or other forms of writing. Estimates
of the proportion of students engaged in cach category of behavior we= recorded after each
successive minute of class time. Types of student behavior were not considered unique; the
same student whe cagaged in two types of behavior during a singlc interval was counted in the
total proportion of each category. In other werds, the proportions of students engaged in all
categories of behaviors did not sum to one. There was considerable overlap between
categories. Fer instance, students who were receiving individual attention from the instructor
were sometimes writing at the same time. However, when the instructor was on-task to the
entire class, as during a lecture, no students were construed to be individuaily engaged with
their teacher. Five proportions of class participation were used by the observers: 0,
representing no students; 0.25, representing from 1 student to 1/4 of the sample; 0.5,
representing more than 1/4 of the sample but not more than 1/2; 0.75, representing more than
1/2 of the sample but not more than 3/4; and 1, representing more than 3/4 of the sainple. One
highly trained experimenter recorded a'l behavioral observations.

Assessment of academic performance was made by obtaimng teacher-graded reports,
quizzes, ard examinations. No special performance measures were constructed; only the
assignments included in the normal grading process were analyzod. Data prepared for analysis
inc.uded scores on each question of a particular exercise that related to the students' work
during the experimental lab sessions, categorized into fact recall, use of principles, or
applications of material to new situations. Subscales formed by suraming the scores on all
labcl)‘mory related questions and by summing all scores .1 the total exam were also created for
¢ach exercise.
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Procedure

Experiments were conducted over the full academic year 1985-86. The self-report
inventories were administered in each course during the first two weeks of the first semester, in
the first two weeks of the second semester, and in the final two weeks of the academic year.
These inventories were administered in individual class meetings rather than in large group
meetings of all sections of the course. For all administrations che experimenter read standard
instructions, part of which cited concrete examples of how student responses were being taken
seriously and were making a difference in the way the courses were taught and organized.

Experimental comparisons of the two laboratory instructional techniques were

experiments were followed and experimental comparisons were conducted only with reguiarly
scheduled laboratory exercises. To avoid detrimenial novelty effects due to teacher
unfamiliarity with the computer system, we worked in conjunction with the teachers in
planning and pilot-testing those laboratosies in which use of the computer was pcesible. The
computer was only employed for laboratories in which three criteria were met: (a) the system
could sense the process in question, (b) the variables involved could be graphed against time,
and (c) the systera could be used in a way analogous to the way the traditional apparatus was
used in demonstrating the process or principle in question.

The computer-based system was compared to the tradional apparatus in 19
iaboratories during the course of the year. A standard procedure was followed in each
experiment. After attendance was taken by the teacher, the experimenter addressed the class,
indicating that as part of the on-going evaluation of their science course, the students were
being asked to fill out two questionnaires in that day's class, one at the beginning and one at
the end. Since the experimenter’s presence may have been associated with the computer,
students may have expected to use the system in the test particular sessions. In order to
prevent expectancy effects from distorting the pre-class daily report, the computer was present
in the room during the introductions for all sections and in plain view of all students. To
further minimize expectancy effects among the students, during the year the experimenter also
administered the questionnaires in class meetings in which there were no experimental
comparisons being conducted. Once all students were finished with the pre-class report, the
experimenter assigned students to their lab group, and then procecded to record observations of
teacher and student behaviors. In those labs in which both instructional media were present,
the experimenter alternated recording observations for minute-long periods between the
computer group and the control group. When the first lab group finished the procedures,
obsmaﬁomh\:dm terminated and the post-class questionnaires were handed out t~ each group
as they finis

Design and Data An:lyses

The evaluation was structured as a series of 19 independent experiments, each with two
treatments: the experimental (EDAS compu:er-based) and the control (traditional apparatus).
Variables were clustered in three predictor domains and one criterion domain as indicated in
Figure IIL.1.

Each experiment was first analyzed separately with a complete multivariate analyses.
All Person, Environment, and Outcome variables were tested with a multivariate analysis of
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variance. Then each member of the domain was examined with univariate analyses of
covariance. using a general linear model. Factor analyses and regression analyses during the
pilot phase of the evaluation indicated that a student's grade in the science course being studied
was the most appropriate indicator of ability, thus it was used as the covariate. Early in the
year recent grades in the science course served as covariate. Once a quarter course grade was
available it served as covariate. When semester grades became available, they were used as the
covariate. When the analysis of covariance showed no significance for the covariate, univariate
analyses of variance were employed.

o€
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Person

learning nd study habits
school activitieand attitudes

Behavior —» Qutcome
off task Lab reports
invovivement with group Exams
individual attention fro facts
group attention to jedcher principles
attention to applications

writing

Environment

science discipline

mode of use

time of year

degree of experience with computers

FigureIIL1. The domains of the variables and the sets of variables that were examined during
the experiments for their impact on the educational outcome.
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The behavioral data were obt.. zed as frequency of occurrence for each of the six
categories of student behavior and three categories of instructor behavior. These data were
analyzed with chi-square. Wher- there were cells that had too few observations to meet
stringent chi-square criteria, fre ;uencies were collz ssed across cells.

After all 19 experimen.s had been analyzed independently with the multivariate
procedures, meta-analysis techniques were employed to examine the data from all experiments
simultaneously. For all variables but the behavioral, effect sizes were computed direcily from
the raw data in each experiment. For the behavioral variables, the effect sizes were computed
from the chi-square results. To detect possible interactions between treatments under different
conditions, the meta-analyses employed coding, or indicator, variables. The major
environmental variables that served as indicators were: (a) mode of use of the
whether actively by the students or in an ins Tuctor led demonstrations, (b) degree of
experience with computers, which varied from courses where the EDAS was the only
computer in use to courses where a variety of computers were used for a variety of different
purposes by both students and instructor, and (c) time of year, varying between the start of the
year when novelty effects could still be occurring and the middle of the year when attention to
schoolworkwasma:dmalforboﬂxinstmcmrandsmdentandaupmcedum and apparatus was
familiar, Pearson product moment correlation coefficients were obtaised between each
indicator and the effect sizes for each variable. Where interac.inns between indicators were
possible, the correiations were obtained by examinine each ‘evel of each indicator, in tura, and
computing a correlation matrix between the other incucators and the variatle effect sizes.

RESULTS

The computer-based treatment differed from the traditional in its effect on variables in
all of the domains. The meta-analyses indicated that these effects showed regularity across the
different experiments. Each of the indicator variables was associated with significant
differences in the effect of the two treatments.

Both the hugcamountofdatatobcsummariudmddlccohmccofﬂwpicmmthat
emerges from the analyses make a tabular presentation of the results most effective.
Accordingly, Tables IIL.2 th;&ugh IILS summarize t:: findings. With effect s;zce computations
in meta-analyses, reporting the actual means averaged across experiments can be misleaang
andinvalid,asﬂxcdiffmcebﬂwemavmgesofm&nsisnadimcﬂypmporﬁmdmﬂw
effect size and may not evan have the same sign. Therefore, only representative means and
variance analyses will be reported in Table IILS. Tables I11.2 through IT1.4 present the meta-
analysis findings, containing both the correlation coefficients (1) between the indicators and the
effect sizes and the effect sizes (d), themselves, for all significant meta-analytic results.

In Table IIL.2 the meta-analysis results are p.esented for each of the indicators
considered separately. For the indicator, time of year, the computer group changed from
reporting more comfort with computers to reporting less comfort than the traditional group.
With enjoyment of computers the computer group reported less enjoyment than the traditional
at mid year. Off task behavior for the computer group changed from more than that for the
traditional at the start fo the year to less than the traditional by mid year. Attention to the
apparatus chowed an opposite effect. Amount of writing became lower for the computer group
than the traditional by midyear. Lab report scores, whick were higher for the computer groups
at the start of the year, showed no difference across groups at midyear.
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For the indicator, mode of use, the computer students in the active use groups reported
less interest in the course, a less difficult class, and a less rushed class than did the traditional.
Writing behavior was less for the computer students than for the traditionz; in the active use
classes. but exam application scores were higher.

For the degree of experience indicator, when experience was high ihe computer users
reported less confidence in their abilities than did the traditional. The behavior of the computer
groups showed mcre off task activities than that for the traditional. Exam performarice on both
principle and application questions, as well as on the sum of all laboratory-relevant questions
was higher for the computer groups than for the traditional.

N
o
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Table .2
Global Meta-Analysis Results For Each Indi

Time of Year (1 = start, 2 = middle)
D Variable I R 193 R d d
P Comfert with computers 48 <05 -76 <001 .28 -34
P Enjoyment of computers -89 <001 30 -42
B Off task behavior 56 01 -57 .01 33 -55
B A..ention to apparatus -53 <.05 56 .01 -28 45
B Wriing -56 .01 -14  -92
O Lab report: total score 85 <10 1.04 .00

)

O W v W

Mode of Use (1 = student, 2 = demonstration)

Variable 2 R 4 d
Interest in course -44 <06 -21 .07
Difficulty of class 63 «01 -47 .09
Rushed class -61 <01 -4 37
Writing -65 <01 -8 -03
Exam: applications .67 001 39 -22

60
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19
19
19
19
19
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19
19
19
19
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TableIII.2  (continued)

Degree of Experience (1 = inexperienced, 2 = experienced)

D Variable 2 o 4 d N
P Confidence in ability -47 <.05 A7 0 -25 19
B Off task behavior 4€ <05 -27 25 19
O Exam: lab questions 60 <01 -04 28 19
O Exam principle questions S0 <10 -0z 32 19

O Exam: application questions 68 001 -22 39 19

Note. D is the domazin from which the variables are sampled: where P is the person, B is the
behavior, E is the environment, and O is the outcome doma:~. The number of experiments that
d; and g, are each based upon is indicated by N. When a correlation is not significant, it is
omitted from the table and the corresponding effect size is obtained from the correlation for the
opposite level of the indicator.
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The effects of the mode of use also differed across levels of the other indicator
variables, as presented in Table II1.3. Consider the mode of active student use first. When the
laboratory apparatus was erployed by small lab groups rather than by the whole lab section,
computer groups reported more motivation for class and experienced less time receiving
individual attention from the teacher than did traditional sections. The time of year indicator
revealed similar effects as iv did across all modes of instruction with the exception that group
attention from the teacher was less by midyear for the computer groups than for the traditional.
Comparing courses with high computer experience to those with little computer exprrience
revealed student reports for the experienced computer users of lower interest in class, less
confidence in their ability, and less sense of knowing what they were doing, and observer
Ieports of more group attention from the teacher than was found with the traditional appamtus
users
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Table II1.3
Meta-Analysis Results For Indi Mode of C. U
Student active use
Indicator D Variable r o} d 4
Size of 1ab group P Motivation for class 75 <.05 -27 .23
P Individual attention -71 <.05 47 -.17
Time of year see Table 2 also
B Attention to teacher -.68 <.10 29 -23
Degree of experience P Interest in class -71 >.05 19 -53
P Conficgence in ability -.69 <.10 41 -34
P Know what doing -75 <.05 37 -34
B Attention to teacher 68 <.il -23 .29
Instructor led demonstration
Indicator D Variable I o) d 4
Time of year r2e Table 2 also
P Confidence in ability -74 <.01 40 -.10
P Xnow what doing -.62 <.05 32 -.18
B Attention to teacher 54 <.10 -41 .08
B Writing not significant
O Exam: applications 57 <10 -31 -.05
O Exam: total 2 <10 -04 40
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Table (1.3 (continued)

Instructor led demonstration

Indicator D Variable I o) d d» N
Degree of experience P Motivation for course 53 <.10) -02 54 11
P Interest in class S5 <.10 -15 .33 11

P Learned in class 61 <.10 -01 .53 11

P Difficulty of class .60 <.10 -20 .57 11

B Off task behavior 7 <01 -20 .71 11

B Group involvement .64 <.05 -05 .23 11

B Attention to teacher -79 <.01 10 -73 11

B Atention to apparatus  -.78 <.01 .10 -73 11

O Exam: lab questions .67 <.05 -07 .34 11

O Exam: principles .63 <.05 -01 .34 11

Note. The indicator is the coding characteristic of the laboratory class meeting that is
employed ir: the analysis to create two categories for comparison. These indicator paired-
comparisons are (a) size of lab group: whole class vs small groups, (b) time of year: start vs
middle, and (c) degree of experience with computers: little vs much. D is the domain from
which the variables are sampled: P = person, B = behavior, E = environment, and O =
outcome. The effect size for the first named member of the paired comparisons is d; and for
the second named member of the pair, dy. The number of experiments that d, is based upon is
indicated by N. The sum of the two N's for y; and dy is 19. For time of year, the statistics
arc, whenever available, averages of those for the separate analyses of start vs rest of year and
middle versus rest of year.
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Consider next the effects obtained when teachers led demonstrations with the laboratory
apparatus. The effects of time of year wers similar to those across all modes of use with a few
additions. By midyear the increased confidence and knowing what they were doing, relative to
the traditional groups, was lost for the students in the computer groups. The computer groups
received more group attention from the teacher than the traditional by midyear. Finally, the
application questions on the exams became equal across conditions by midyear, while the total
exam score for the cc.nputer groups rose above that for the traditionz] at midyear. In courses
with high computer experience demonstrations resulted in the following changes for the
computer groups when compared to the traditional. The computer groups showed more
motivation, more interest in class, and reported that they learned more, though the class was
more difficult than for the traditional groups. Off task and group involvement behaviors
increased for the computer groups when compared to the traditional, while attention to the
teacher and the apparatus decreased relative to the traditional. Exam scores on both the
principle questions and the sum of all questions directly relevant to the laboratory exercises
rove for the computer groups compared to those for the traditional.

The impact of the degree of experience with computers for teacher and students varied
across levels of the other indicator variables, as well, and is l=Fmented in Table IIL.4. Consider
the courses with experienced users first. The time of year effect was similar to that previously
reported with a few additions. By mid year the difficulty of the course increased and the
independence of the laboratory activities decreased for the computer groups when compared to
the traditional. On the exams both the principle and the application question scores were higher
for the computer than for the traditional at midyear.
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Table IIL4
Meta-Analysis Results For Indi D £C Experi

Experienced with computers
Indicator D Variable I R ds dvy N
Time of year see Table 2 also
P Difficulty of course I5 <10 00 .84
P Independence in lab -91 <.01 -05 -2.18
B Off task behavior not significant
B Attention to apparatus not significant
O Exam: principles .82 <.05 19 1.00
O Exam: applications 98 <.001 03 1.00
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Table .4  (continued)

Inexperienced with computers
Indicator D Variable I o] ds duv N
Time of year see Table 2 also
P Enjoyment of course not significant
P Lear .inclass 53 <10 -55 -.04 13
B Off task behavior not significant
O Labr=port: tuial not significant
O Exom: total .61 <.05 -04 .38 13
O Exam: applications .59 <.05 -31 -.04 13

Note. The indicato: is the coding characteristic of the laboratory ciass meeting that is
employed in the analysis to create two categories for comparison. For time of year the two
categories are start vs middle of year. D is the domain from which the variables are sampled: P
= person, B = behavior, E = environment, and O = oatcome. The sffect size for the start of the
year is dg and for the middle, dyy. Thc number cf observations that dg is based upon is
indicated by N. The sum of the two N's for dc and day is 19. The statistics are, whenever

available, averages of those for the separate analyses of start vs rest of year and middle versus
rest of year.
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Earlie~ results can be restated for experienced users with demonstrations as follows.
The computer users, when compared with traditional apparatus users, reported for
demonstrations more interest in the course and in class meetings, more sense of learning, but
greater difficulty, 2nd shovses less attention to _ie teacher than they reported = ~d showed when
they were in active use of the apparatus.

Next consider the users with less experience. Time of year e‘fects were, again, similar
to the overali results of time of year with a few exceptions. The differences in enjoyment of
computers, off task buhavior, and lab report scores were not present. Changes not revealed in
the overall analysis included for the computer groups less sense of learning in class at the start
of the year 1*.un was fcit by the traditional groups. In addition, the computer groups performed
worse on the total exam at the beginning o the year but better by midyear than did their
traditional counterparts. A low exam application score for the computer groups at wie start of
the year disappeared by midyear when computer and traditional groups were equal on this
measure.

Earlier results can be restated for inexperienced users with demonstrations as follows.
With demonstrat .vas rather than acti ve student use the computer groups reported less interest,
confidence in their ability, fezlings that the methods used were not effective, and sense of
knowing what they were Going, while reporting more di"iculty and sense of being rushed than
the traditional group members reported. Group involvement and attentior. w the apparatus
were also less, while attentic.. to the teacher and writing were greater for these computer users
than for the traditional apparatus users.
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Table IILS
Representative Means and Analysis Results
Person domain
Variable Time Means df
Period Computer Treditional
Difficulty of class pre + post 2.60 2.10 398 1,28
Enjoyment of pre x post 2.34 3.29
computers 3.16 3.21 12.13 1,42
Comfor* with pre + post 4.08 442 641 1,57
computers
Confidence in post 3.65 5.35 574 1,22
ability
Know whatdoing  post 3.36 4.10 6.32 1,32
Motivated pre 3.33 260 596 128
Interest in pre + post 2.43 2.59
class 3.00 2.68 6.16 134
Amount learned post 3.53 3.15 465 1,62
Rushed post 2.15 1.59 458 1,58
Effectiveness of post 2.79 3.50 403 1,32
mesthods
Independence post 3.53 4.14 405 1,22
69
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TableIIL5  (continued)

Variable Sign of
d

C ¥ task +

Group involvement +

Individual attention -

Attention to teacher +

Attention to apparatus  +

Writin +

CREARE PROPRIETARY TN-411
Behavior domain
Means X2 R

Computer Traditional
.292 116 59.74 1 <.0001
.119 .196 13.84 1 .0003
72 .65 8.56 2 01
.546 .597 4.14 1 .04
.120 .161 8.39 2 .02
222 .139 26.44 2 <.0001
.155 .216 9.67 2 .008
.960 .897 13.01 2 .00
.642 .748 14.04 1 .0003
.126 .064 12.14 2 .00
253 352 8.57 1 .004
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TableIIL5  (continued)

Variable Time
Period

Lab seport: tota! post
Exam: total post
Exam: lab questions  post
Exam: principles post
Exam: applications  post

Note. For each row of the table with the

covariance or variance is

analyses. The time period indicates wh
the end (post) of class. When cnly one
When both periods are summed,

only the main effect of

CREARE PROPRIETARY TN-411
Outcome domain
Means E iéd p
Computer Traditional
10.00 7.17 1298 1,30 .001
10.00 8.77 4.06 1,57 .05
10.00 7.59 485 1,57 .03
10.00 3.11 6.55 1,57 .01

person and outcome variables an analysis of
reported that represents the difference score results of the earlier met:
cther the variable was measured just before (pre) or at
period is presented, oy that period was significant.
treatment was significant. When the

of the earlier meta-analyses. Behavioral scales are proportions of time in which the class was

obsarved to be engaged in that behavior.
indicated difference in favor of the ¢
they existed, results for both directi

The sign of d column reports whether the effect size
~mputer groups (+) or the traditional group: (-). Where
ons of effect sizes are reported.
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DISCUSSION

A complex though comprehensible picture emerged of the multidimensional and
multidomain nature of educational outcome from CBI in science teaching. ‘The conflicting
changes in behavior and attitude found by Kulik, Kulik, & Cohen (1980) and the small attitude
effects reported by Kulik, et al. (1983) are understandable in light of the present results. Most
interesting were the differences between attitudes and performance. In some cases, such as for
courses with a high degree of computer experience where the demonstration mode was used,
improved attitudes were directly propostional to increased achievement. Yet when
demonstrations were compared with active student use of the computer, the demonstration
mode resulted in improved attitudes but decreased achievement. Our knowledge has advanced
to the stage where research on CBI mus: se *vch for the confounding variables and seek to
understand the comrlexity of the unde.lying proczsz cather than simply demonstrate a
difZcrcnce in scores.

The particular variaoles isolated in the design of the study were found to play important
roles in determining the imract of the CBL. Time of year, degree of computer experience, and
mode of use each produce main effects on outcome and interact with other variabies in
significant ways. No single condition is optimal. Instructors must choose tools and
approaches c.. =~ basis of their goals; they cannot, unfortunately, simple choose the
universally best treatme=.

One rather general effect was the change in attitudes towards computsrs, the course,
and themselves that students reported with increased exposurs to computers. When computer
exposure increased, whether through passage of time during the academic year, by being in a
class with extensive computer use, or by using the compater actively rather than observing a
demonstration, stadents reported less liking of and comfort with computers. Often under these
saine conditions students also reported less confidence in their own abilities and a dir-‘nished
sense of knowing whar they were d-ing and thinking that the methods be.o9 used in class were
effective. It is important to rememuc- that these decreases were not from positive to negative
feelings, but were from very positive to somewhat less positive (from 4.4 tc 4.0 on a 5 point
scale, for exampie). Field observations suggested two related reasons for this change. With
more computer experiauce students bevame more realistic in their exnectations of what could be
done with the cozapuicr. Initially many thought that the introduction of the conputer would
dramatic-1ly simplify their task in lab. As the year progressed they discovered that, while the
clerical work was decreased, there s(:11 was plenty to do in lab. Furthermore, both students
and machersfoundﬂmtbeuseofﬂwcomputerdidnotmakeleanﬁng simpler in a cognitive
sense. In fact, both found th2: the compnter mude leaming seem more complex in many ways.
By eliminating much of the v riting and othzr cierical tasks, the computer freed siudents and
tcachatothinkmcabouﬂ!econtcntofwhatdleywmdoing. The ease and speed of
collecting data meant that there was more tiine to explore more questions in lab. Both the
teachers and students found this inrisase in cognitive resporisibility to be harder and more
challenging. In coni “~:~ the sir ple, almost rote activities of earlier lab experiences students
found science to be hard wouk, especially when the new o0l clearly removed the rote activities.
This suggests that -he computer accelerated the contrast between simple and more professional
science that has been reported by Hofstein and Welch (1984) as occurring between junior high
school and high schoo..
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Concurrent with this decrease in attitudes was an increase in performance. Later in the
academic year CBI students engaged in less time off task during the laboratory and shifted cheir

wrote better reports than the others, but this difference disappeared by the middle of the year.
For classes with high computer experience there also emerged an improvement in examination
performance by mid year, but this improvement did not occur as clearly for the classes with
less teacher and student experience. Future work must carefully distinguish between
experience. and inexpericnced ciasses when examining CBL

The mode in which the computer was use. significantly influenced the impact of the
conipuier on students. One of the contrasts between the modes of use was that between
experienced and inexperienced classes. 'I'heresultsindicacthatind:eincxpeﬁcncedclassw
the demonstration mode was k 38 successful than the active student use mode. Field
obsavaﬁmssnggeswdmmiseﬁ'eawasduemtheexpeﬁmofﬂlcwhammthanthat
of the st-dents. Teacher resistance to CBI has been documented by previous work (Stimmel,
Connor, .vcCaskill, & Durrett, 1981). The behavior of the teacher can also influence the level
of cognitive activity that occurs in the science classroom (Hacker, 1984). When using the

than were the experience teachers. The attitudes and behaviors of the students seemed tr,
reflect these differences, though the students’ performance on examinations was no* ffected.

At e beginning of the year stidents expected a great acai from their computer
dsmonstrations, bu this expectation was lost by midyear. The behavioral and outcome data do
not correspond to this change in attitudes, especially for classes with computer expucience. In

irterest was higher, there was more off task behavior and less attention to the teacher and the
apparatus. This anomaly can be undersi~od by examining the group involvement behavior,
which increased with experience. Classrocm observation revealed this increase as resulting
from greater student discussion about the process being d~monstrated. While the discussion
was associated with less traditionally expected measures  n task behavior, it, nevertheless,
was related to improved ability to remember the relsvant principles ard apply them to new
situations.

High school science laboratory exercises are traditionally used both to familiarize
students vsith the methods and apparatus of scicace and to provide immediate exampies of
physical principles and relationships. In the first of these purposes the science lab exercise
may very well succeed to the extent that precision is maintained in the procedures. In its
second gurpose, the scier.ce lab may not be serving directly and immediately to add much to the
learning of facts and concepts. Data taken during clz -s remains in tabular form until stucsnts
are requ red to produce a graph as a homework exe1..sc. While those with steady study habits
may be prompt in completing such exercises, for most the principle or mlationship which the
data conveys remains hidden until the lab is discussed in a later class yeriod. Itis only when
the data take on a specifically meaningful form that they begin to be organized in easily
recallable fashion. It therefore stands to reason &, .t the more the data assume the necessary
form to convey the lab principle at the time of collection, the longer the students have to
practice with this form of the data.
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\Jne might expect, then, that the active student labs would be more effective than the
demonstrations. The actual picture is not quite that simple. Student labs were seen as less
interesting than demonstrations, but were also reported to easier and less rushicd. Writing
behavior was also less for student labs. Apparently the use of the computer d:d eliminate some
of the clerical work load. Key to understanding the student la/ss an. ‘h¢ :xamination data.
Application ability improved for studeris when they actively ased the computer in class. There
is some indication that the learning strategies differed in the active student labs (see Weinstein
& Mayer, 1986, on strategies), and this resulted in an increased ability to use more broadly
what was learned. It is imortant to note that active student use of the computer was not
g;nmaally eff=ctive for all types of examination performance; its effect was focused on the
ability to apply.

The results of the 19 experiments do have one common pattern to them. Technology
can provide tools for learning, but it is what people do with the tools that determines their
effect. As argued by White and Tisher (1986), cusriculum is a matter of people. The present
data have confirmed that what comput .3 do is provide a potential technique for helping
students develop abstract reasoning sklls and n enhanced understanding of science (Arons,
1984). The results further suggest how this potential is converted into reality.
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