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ABSTRACT

The purpost.of this study was to determine to what
extent students were able to attai? inquiry objectives while
performing specially desighed experiments in the chemistry
laboratory. The subjective meanings that students had
regard1ng this type of Iearn1ng was a]so determ1ned The
1aboratory program was conducted with a class of 20 grade .
twelve chemistry students dqring an entire semester.

By means of elevgn ?éFg¥GT\y'designed experiments,.the‘
amount of structuring of the learning and the amount of .
guidance provided by the teacher were gradually reduqed. The
reduction in structure produced an increase in the level of
inquiry learning and teaching of the éxisting laboratory
curriculum of chemistry 30, a senior high school scignce \\\
‘subject prescribed by Alberta Education.

The testing instruments used to gather data for the
formative and summative evaluations were: Chemistry 30
Achievement Examination, Processes of Science Test, Test on
Scientific Attitudes, Laboratory Questionnaires, Students '
Written Comments, Taped Interviews.~laboratory Reports, and
Teacher’s Log. ‘

Behavioral objectives in the conceptual, affective and
scientific process skill domains were measured by means of
two paradigms--the empirical analytic and the situational
interpretative. The di-paradigmatic approach measured .

student behavio?‘and achievement not only before and after

but throughéut thejinquiry-oriented labofgtory program.
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A]thouéh students of this study spent considerably more
time in the science laboratory and with laboratory related
activities than students of a regular chemistry curriculum,
they were able to perform as well on the Alberta Education
Achievement Test. Students also scored considerably higher
at the end of the semesﬁer than at the beginning on the
prﬁcess skill domain test but did not show significant
growth on the test for scientific.attitudéé. A significant
majority of students expressed that they found the
laboratory program not only challenging, interesting and
enjoyable but that the type of inquiry experimenté of this
study was preferable to the highly structured experiments
preformed in previous years.

The multi-faceted evaluation of the. laboratory program
revealed that students wére,ab]e to perform the necessary
. brocess skills required by the teaching étrategies of this
study. TQe results from both paradigms showed that
inquiry-oriented learning and teéching based on the
scientific process skills is a viable objective at the high
school chemistry level. By systematically reducing guidance
from the teacher and decreasing the number of instructional
aids, students can learn to perforﬁ high level inguiry

activities.

vi o,
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CHAPTER 1

THE ?ROBLEM
A
_ r .

The search for a universal generalization on a ‘proper ~
teachigg strategy and the search‘for a simple.soluﬁion to
all major educational problems are pursuits whiéh are
probably fruitless. ‘The E}rst undoubtedly does not exist
while the seconé is much too simple, Tﬁ@‘adm of thé
majority of educational.studies on instruction, accor&iné to
Okey {1971), is to eétablish a limited generalization about
a specific teaching strategy. He describes a 1imitéd
generalization as a determination of conditions,
instructional materials, and procedures to facilitate

attainment of objectives. (1970, p. 2B5)

Background to the Problem

The aim of this study is to establish a generalization
concerning the use of the laboratory in teaching science.
The variable condition is the degree of structure or

guidance given to each laboratory experiment in the

prescribed core of the Ayberta high school chemistry course,
ALCHEM.3O (Alberta Edu&aﬁion, 1977).

The science discipiines at the high 4chool level have
always had laboratory work as an integral part of the .
cgrriculum; howéver, the time currently stipulated for the:'

laboratory work has reached a record high in Alberta. The
1
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trend started at the geginning of the space age with
'sputnik' and was gquickly followed by the appearance of
major science programs {(BSCS, CBA, CHEMS, PSSC, Nuffield
Sciences, etc.)ﬂ These original programs, desiﬁned to have
the student behave like a'scientisé in the laboratery, have
disappeared or changed.since the 1960's but the intents
regarding the laboratory work, at least in Alberta, have
not. The present curriéulum guide for senior high school
chemistry states that "...it is a common practice to devote
approximately 40 per cent of the class time to iaboratory
activities.™ (Alberta Edugation, 1977, p. 19)2. However,
some guestions need to be ;sked‘about the intendea quality

and effectiveness of the laboratory experience in chemistry.

Inquiry and ALCHEM 30 -

The salient objectives regarding laboratory work in

chemistry, cited below, are to be found in the Program of

Studies for Senior High Schools of Alberta (Alberta

Education, pp. 1-4):

4, To promote understanding of and development of skill in
the methods used by scientists:

a. processes in scientific inguiry such as observing,
hypothesizing, classifying, experimenting and
interpreting data

' .

b, intellectual abilities such as intuition, rational
thinking, creativity, and critical thinking

c. skills such as manipulation of materials,
communication, solving problems in groups, and
leadership.



5. To promote assimilation of scientific knowledge:
I
e. open-endedness of science and the tentatdveness
of scientific knowledge

6. To develop attitudes, interests, values and
appreciations, and adjustments similar to those
exhibited by sciéntists at work,

P

Two objectives restated for high school chemistry are:
y 1.1 processes in scientific inguiry: observing,
hypothesizing, classifying, experimenting and
interpreting data.

1.2 skills in the cognitive, affecuéve, and

. s chomoter domains.
psy o~ m,\t

/s
1.3 skills in ‘individual and groﬁﬁﬂp}oblem solving.

Héw does the ALCHEM 30 program attain these stated
objectives of the high school chemistry curriculum gquide?

ALCHEM 30, a cur}iculum employing applied and
descriptive chemistfy, integrates textual maferials;
laboratory activities, demonstrations, gndrclasgroom
exercises. The inquiry approach, advocated by the Alberta
program of studies and by almost every science curriculum
today, is not mentioned in the prefaceé of the ALCHEM
materialsk The laboratory experiments, with few exceptions,.
are essentially of the deductiye variéty. They are lessons
designed mainly for purposes o% illustration and

verification; the student by carefully following the

field-tested procedures can obtain reasonably good
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illustrative or cbnfirmatory re;ults. The ALCHEM\30
materials require that the-stﬁdeht, by means of
pre-laboratory discussions and individual study, comes to
the laboratory with some degree of understanding about the
problem under discussion:: However, not,éhly is the problem
given to the studenf in the laboratory manual but he is also
given detailed procedural steps and methods‘to analfze and

process the data. This type‘of activity in the laboratory

is not classified as inguiry according to Schwab; "...the

' appearance but not the reality of inquiry is provided.”

(Schwab; 1964, p. 55).

The desired learning outcomes of a laboratory science
program, be they the acquisition of facts, concepts,
theories, or skills, are obtaiqed through processes—;the
scientific processes of inqui;y. But inguiry as a mode of
learning in the laboratory is concerned with Qgg‘a student
goes about his‘determinations rather than with what
determinaéions ére ngde or “how accurately they are made.
The thought patterns are seen to be as important, if not

\
more. g0, than the knowledge itself.

In the deductive laboratory the student follows
explicit directions for collecfing and processing data
according to a plan, that which is stated in the laboratory
manuals. These activities are especially appropriate for

students with little or few laboratory skills. They are



also important for.gtudents who require hands-on experiences
to help make concepts more significant. Schwab (1964)
however, perceives these activities as only prerequisites to
inguiry. Nay (1970, p. 22), on the other hand, sees them as
ingquiry but 6f a iow level type.

The ALCHEM 30 labofatory experiments provide students
with the opportunity of practicing skills such as
measurements of mass, volume, density, etc. The experiments
also acquaint students with the use of graduate cylinders,
burets, pipets, calorimeters, voltmeters, pH meters, etc.
Concepts such as percent‘error, limitation of measuring
instruments, dimensional analysis, etc. afe also presented
to the student. Nevertheless, inquiry, if defined in terms
of scientific process skills, demands that the above skills
be initiated and developed by the students as well as being
practiced., Of course, the student needs to be shown how to
perform specific acts necessary in executing a laboratory
iskili, and he will have to acquire a certain degree of
expertise in that skill; but Ep an inguiry lesson the
laboratory manual should not provide the student with
‘explicit directions of which skills he is-to use nor wheh he
is to use them. These ought to be the student's
responsibility to a greater or lesser degree depending .upon
the prevailing circumstances. Otherwiég, the student is

. only practising the skills of process. He is not initiating



and developing them,

‘The student pdrtiéipating in an inguiry laboraébry is
operat{ng before, during and after the labératory period at
‘2 higher cognitive level: seeking backgrouﬁd information,
hypotheéizing, designing the collection of data, identifying =
the limitgtions.of design,'modifying.proqedurés, repeating
the exéeriment, usihg trial and error, recognizing failures
and iimitation;, describing, tébulating,'récording,
processing, judgéné, ihterpretiné, formulating, and so on.
These are processes of scientific inguiry and the essence of
learning scien;e by inquiry as defined in Biological

Sciences Curriculum Study (BSCS), Science-A Process

Aggroach,‘and other curriculum projects.

- In the light of the above discussion it must be
concluded that using only ALCHEM 30 materials and its
implied strategies, many of the objectives cited in the
curriculum guide with reference to the laboratory work are
diffié;lt to attain unless the teacher makes appropriate
modifications on the basis of an aéceptable rationale.

“The dilemma of trying to attain the educational
objectives regarding the scientific process skills and
inquiry'teaching was perhaps the main reason for this study.
Educational objectives have many functions, but_aécording to

Taba

-
a
- . €
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...perhaps the most impogzzgﬁ one is that of guiding
decisions about the selection)of content and of
learning experiences and of gproviding criteria on
what to teach and how to teach it. ...No matter what
its nature, the - statement of desired outcomes sets
the scope and the limits for what is to be taught
and learned. (Taba, 1962, p. 197)

This ends-means rationale initially prompted the undertaking

of this study.

/Implications for Science Teaching

why is!it so important to have students design their
own experimental steps, organize and tabulate their own
data, and process results in :heir own way? The teaching
strategy of this study rests on the assumption that these
activities, which are the foundation of most problem solving
s£rategies, are important ones for students t; exhibit.

To say that these activities, the scientific process
skills, are important, 1s to agree with the experts, the
curriculum theorisﬁs, who state that these activities are
the activities that scientists engage in and, therefore, are
worthwhile activities to learn. The experts also claim that
students will "learn how to learn.” These claims require
further elucidation.

The experiences of the léboratory work in the science
curriculum are probably closer to the real world of science
for the student than any other experience. However, ;he

bits and pieces of the activities must fit together in such

a way that the experiences are relevant and meaningful for



the student. To be 'told precisely how to perform and
process an experiment does not mean that students will
necessarily learn how to use the scientific process skills
or.that they will learn how knowledge is acquired. They are
- not experienciﬁg the proper activities, and to go on
repeating the exercise will probably not help, Eegardless of
the number of times it is repeated. A student completing
the present ALCHEM program (10 20, and 30 sequence) will
perform over twenty such experiments. Schwab, disclaiming
such activities in the science classroom, says

On the one hand, there is a growing tendency to

escape the diversities of enquiry by conceiving it

as primarily a matter of simple "controlled

experiment,” of precision, ani of. technical

proficiency. Under the sway of this false ’
simplicity, many science classrooms are being i
converted into research microcosms in which every

high schoel student, regardless of interest and
competence, is supposed 8o act, on a small sctale,

like a scientist. He is tequired to master

technigues and to collect data. But the

intellectual problem of interpreting these data is
avoided and the problem under enquiry is treated as
something given. Meanwhile the textbook [laboratory
manual] continues to be a rhetoric of conclusions

and the end result is little nearer the mark of the
teaching of science as enquiry than our former

habits. (Schwab, 1964, p. 102) e ' -

The situation in the Alberta classroom todé;n nearly twenty
years later, has apparéntly changed very little. .If the '
activities that scientists engage in are considered
worthwhile ‘to learn (Schwab, 1964, p'p.' 73, 96, 102), then
the important questions to consider become whethe} the

activities can indeed be experienced by high school students
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"and, if so, to what degree. Furthermore, if students
experience the activities, what is it. that they learn from

them?

.

The activites of this study are suggestéd'b; theory,
particularly by Schwab (1964, p. 55) and his-levels of
inquiry. 1In practice this theory perhaps may prove not to
be the best way to learn the scientific.proceés skills. The
higher fével inquiry laboratory exercises may reguire an
inordinate amount of classroom time and not permit other

-

objectives in the discipline to be realized. This teaching
o
strategy may be inappropriate for students at this age
level. Perhaps these activities should only be carried out
at the university level where materials, resources and .
teacher expertise are available to a greater degree. Or,
the use of these activities at the high school level may be
" "perverted.” Schwab éuggests that
" The use of scholarly material as a resource for

curriculum can be perverted, ... . Perversion

consists of warping the scholarly material out of

their character in order to force them to serve a

curricular purpose which fascinates the planners.

(Schwab, 1973, p. 377)

In the opinidn of the investigator of this study the
curriculum developers of the ALCHEM series have provided far
too few of the process skills under discussion in their
. laboratory exercises. Process skills for the original

experiments and the revised experiments are displayed by

means of a grid in Appendix A.



'For the reasons stated, this study, a teacher study,
should be undertaken; and judging from the insignificant
numbers of studies of this type of "action research"
endeavors of this kind are overdue. There have been too few
studiés stressing the practical side of educational
_research; Schubert, believing that the theoretical
orientation is the dominant one in education today rather
than fhe practical 6he, concludes by saying:

Finally, ﬁractiiioners and scholars must inquire-

together to discover research modes that must

productively serve the massive problems confronting

the daily flow of students into the schools.
(Schubert, 1980) ‘ o

Introdﬁction to the Problem

_ Thé present ‘evaluation methods used in the science
laboratory are re;?tively rudimentary and limiting, and thé
majority of tests used in science are concerned primarily "
with the knowledge and comprehension levelé of behavior

identified in Bloom‘s Taxonomy of Education Objectives,

Handbook 1I1: Cognltlve Domain (1956).

By employ1ng in the laboratory a somewhat different
strategy than the one suggested in ALCHEM 30, the author of
this study hopes to determine whethet unstructured
laboratory experiments can provide gﬁberiences for students
that have a greater opportunity to devel@p the higher level

type of cognitive skills,



Pupils' attitudes and feelings for this type of

teaching strategy are also sought: Do students welcome the

challenge of désign and processing? Are the reguirements

too difficult? Do students enjoy this'type of laboratory

experience as ‘much as the the conventional type? How will

’ ' ¢
this type of inquiry teaching affect the students' attitudes

toward science’as a discipline?. How will it affect

attitudes toward learning?.

Statement of the Problem

The purpose of this study is three-fold:

To determine the manner and extent to which students who
are presented with laboratory experiences which are
minimally structured are able to @ttain the objectives
in the conceptual (higher level), affective, and
scientific process skill domains.

To determine how students "feel" abdut leagning
chemistry by inquiry: the subjective meanings that
students attach to’ their own behavior regarding this
type of inquiry:learnipg.
To determine whether an inquiry oriented laboratory

program enhances student performance in the utilization

"of scientific process skills and in the understanding of

scientific attitudes.

Other purposes of the study are embodied in the

following questions:
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1. What, if any, 1s the conseguence on concept development \
of spending the additional time reguired on ingquiry
laborazBET\gxercises?

2. What is the reiationship between performance on. -~ = /
paper-and-pencil tests and laboratory reportiné? _ ' //J

3. How does the evaluation obtained from the ‘i#
empirical-analytiﬁ research paradigm relate to that
obtained from the interprgtative—situational one?

4, What speiific‘strategies must be employed by the . | {%?,
classroom teacher to teach the chemistry laboratbry bf
inguiry?

5. Do the strategies of this study.providé a practical way '
of teaching scientific process skills and developing
scientific attitude;?

Research Design

In order to determine the manner and extent to which
_students atfain objectives in the three domains (conﬁeptual,
affectiye and sciep%ific p}ocess skill) a di-paradigmatic
approach was used;J Quantitative data, collectéd from
several testing instruments (content exam, process skill
test, attitude test, and laboratory reports), were analyzed
by the conventional empirical-analytic paradigm.

Qualitative data frpm—such instruments as guestionnaires,

. . . . . '
written statements, taped interviews, ~and a teacher's log

were analyzed by means of the situational-interpretative
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paradié%.

The effectiveneés of the inquiry teaching strategies
used in this study was first assessed during two pilot
prbgrams which preceded the main study. The evaluaéion of
the data EOIlected from theréilots indicated that students
achieved some of the stated objectivés inlzll three domains.

The main study evolved into its present form from
refinements of testing instruments and data gathering
technigues of the pilots. The qualiEa ive data were
collecteé to determine how students felt about the
laboratory program. Most of the data collected in the study
wvere gathered to determine the meanings, the intents, and
the attitudes.that students had toward the laboratory
program. Too often students are not consulted about how

they feel about a new program.

Definition of Key Terms

1, ALCHEM 30. This sciénce subject is a high school

‘ chemistry course at the grade twelve level consisting of
three units which comprise the core: chemical
energetiqs, oxidation-reduction, and acids and bases.
Student laboratory experiments, exerc%segt
demonsgrations, and textual materials-are integrated in
the applied and descriptive chemistry conteni. The
laboratory experiments provide students with detailed

procedural steps, set-ups of apparatus, directions for

Iy
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collecting data, and methods for treating data.

Revised ALCHEM 30 Experiments. The eight experiments in

ALCHEM 30 have all been revised and thé number has been
extended to 11 experiments. 'Students are required in
the revised experiments to design_experimenéal steps,
provide set~ups of apparatus, tabulate observations and
interpret data in their own way. These skills are
initiated by the sﬁudent in the revised experiments
whereas in ALCHEM 30 directions are provided. See

Appendix B. v

Scientific Process Skills. These are the activities
that scientists engage in while attempting td understand

nature, They are many and complex. For purposes of

*

this study, the activities, analyzed into simpler

behaviors, are those identified in An Inventory of

Processes in Scientific Inguiry by Nay and Associates

{1971). The inventory is based on Science -- A Process

Approach {Gagne, 1965), Schwab's theory on the structure
of the disciplines and his meaning of inquiry (1964),
and Nay's own perception of the natﬁfe of science and
sciehce teaching. (See Appendix C). The Inveﬁtory is
used as the basis for defining objectives in the process
domain. There are two aspects to these objectives: one
which involves students knowing the processes of

scientific inquiry (cognition) and the other which
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requires students to use them while solving problems

(action).

I'd ‘. ! ‘
Inguiry Approa@h to Teaching Science. With reference to

—

this study the notion of inquiry teaching in the -
laboratory is based on Schwab's conceﬁt of teaching
science (1964}. He insists that sgudents are able to
learn ééience by inguiry which he describes as a series
of strategies and processes not divorced from content.
The inguiring laboratory serves éwo functions: (1) "to
provide ‘a tangible experience of some of the problems
dealt with and of the difficulty of acquiring data."™
(2) The laboratory manual "ceases to be a volume which
tells the student what to do and what-to éxpect."
(1964, p. 55). Inqqi&y,.particularly‘Schwab's more

recent views, are discussed further in Chapter II.

Levels of Inquiry. The level of inguiry, for purposes

of this study, increases as the amount of structuring
(direction and guidance) provided by the laboratory
manual and the teacher decreases. Schwab-(1964)
-@€scribes three levels of inquiry in the laboratory. In
his third ‘and highest levei of inquiry, for example, the
"problem, as well as answer and method, aré left open;
the student is confronted with the raw phenomenon."
(1964, p. 55). Nay A1970) describes the directions

given to the student at each level of inquiry in terms

*



of scientific process skills, and he includes the
"cook-book"" type of experiment (highly stéuctured) as
the lowest level of {inquiry while the highest.level has
the greatest amount of self-direction and creativity on
the part of the student. (See Appenaix D).

Affective Domain. The affective domain refers to the

set of objectives in An Ihventory'of Affective

Attributes of Scientists (Nay and Crocker, 1970, PP.

61-62). The objectives are classified as interests,
operational adjustments, intellectual adjustments or

attitudes, appreciations and values. See Appendix E.

Attitude Domain. 'T?is area is a subset of.the affective
domain. On the one hand it refers to the attitudes and
personal feelingsiﬁhat students have toward their
participation in the laboratory program. To determine
these feelings is a major purpose of the study. On the
other hand it refers to scientific attitudes. These

i

arf?é from the intellectual adjustments in the inventory
by ﬁgy;and Crocker (1970) and are the intellectual
behaviors which are foﬁndational to the scientist’s
contribution_td or‘éccéptance of new scientific
knowledge. Kozlow and Nay (1576) identify three
coﬁponénts for each of the behavioral objectives under

the attitudes in the inventory: cognition, intent, and

action. The cognition component deals with knowing and

«f
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understanding how attitudes manifest themselves in the
proféssional béhavior.of scientists. The intent
compoheqf deais with approval or disapproval by students
of behaviors which define an attitude. The action
component represents to what extent behaviars, which
define an attitude, are deménstrated by students (Kozlow
and Nay, 1976, pp. 149-150}.

Concept Domain. For the purposesfof this study this

refers primarily to the chemistry content in ALCHEM.
How students are able .to deal with this content will be.
measured in terms of Bloom's Taxonomy which "includes

those objectives which deal with the recall or

‘recognition of knowiedge and the development of

intellectual abilities and skills." (Bloom, 1956).

Processes of Science Test (POST), The important

scientific process skills measured by this test are
indicated in Appendix F.

Test on Scientific Attitude (TOSA). Regarding this _

study, TOSA measures (a) the student's understanding of

how scientists behave attitudinally‘while doing research

[}

and (b) the student's intended attitude behavior in such
- '3

scientific attitudes as objectivity, open-mindedness,

and critical mindedness. See Appendix 6.

Evaluation Paradigm. The term paradigm, in this study,

refers to a conceptual model, a perspective (Kuhn,
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1970). 1Two evaluation perspectives are used in this
study: empirical-analytic and
situational—interpretétive. These paradigms have their
definitions in the works of Habermas (1971) and have
been adopted by Acki (1978, 1980} and others in
curriculum development and evaluation. The
empirical-analYtic is the conventional test-based
paradigm used in educational research and often called
technical or normative. The situational-interpretative
paradigm, in.this study, is concerned with the meanings
that students in a laboratory classroom, assume and
bring to the social setting. It is a way of breaking
down the "complex nature of reality"_(PéEton, 1975).

Delimitations and Limitations

In the eméirical analytic paradigm, this study is
delimited to three guantitative ﬁeasuting instruments:
Chemistry 30 Achievement Test {(Chem 30 Tedt), Process of
Science Test (PQST), and Test on Scientific Attitudes
(TOSA). These tests have their own imposed limitations
and will be discussed in greater detail under Testing
Instruments in Chapter 3. The results from the three
quantitative instruments provide data only in’the
concept, scientific process skill and attitude domains
respectively in relation to inquiry teaching.

=
In the situational-interpretative paradigm, this study
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is delimited to four data gathering instruments:
qﬁestionnaires, written comments,.tapqd interviews and
the teacher's log. The teacher's log %s a compiled
record of- salient student 1aborétory activities made by
the teacher who is acting somewhat as a
'participant-observer.'

The study is confined to the -laboratory component of the
fevised ALCHEM 30 experiments. -

Caution should be exercised in generalizing the findings
from this study because of the non-random sample used

and the limited range of quantitative and gualitative

data-gathering instruments,
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Dewey advocated the 15335

< ;
CHAPTE_R 2 |
REVIEW OF THE LI TERATLiRE‘.
A |
The review of the literature in this chapter attempgs

to shdﬁaﬁfgko{ically how researchers have viewed the role
and the nature of the chemistry laboratory. Because the
setting of the present investigation is a high school
chemistry laboratory, vfews about the leboratory are
considered of paramount impoftance. Sections adopted for
this study and relevant to methods of evaluation by the
empirical-analyticqend the situational-interpretative
paradigms‘follow t%} nature of Fhe chemistry laboratory
review, (

™

. ' Role of the Laboratory

The traditional rolevof the laooratory in the teaching
of chemistry has been one of mainiy providiné‘the student

with illustrations, demonst;ations, and a plaoe where _
principles and concepts canﬂbe verified. Blackboard . |
chemistry and classroom work have‘alwafs been supported by
the laboratotory work; however,'the traditional l%Boratoiy
"emphasized what is known rather than how it is known,
consequently the modes of inquiry of science received f?€€32\~
attention” (Pawloff 1974, p. 11, empha51s added)

As early as 1916 thetifogress1ve movement led by John -

gat1ve approach in science.
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Later Dewey (1938) emphasized problem-solving and encouraged
courses in "practical" science. And ever since, for nearly
fifty years, the work of students in the 1aboratory has been
cr1t1c1zed by educators: some have suggested thHat the
laboratory is a waste of_time while others have insisted the
experiences are indispensable (Tamir, 1976).

In the 1960's the role of the laboratory was
re-emphasized. Science educators insisted that the
curriculum had to be "laboratory-centered rather than text
or lecture-centered"” (Romey, 1968, p. 20). Piaget (1964)
and studies in develépmehtal psychology showed that children
needed concrete exéeriencés in order to learn scientific
concepts. Ausubel (1968) contepded that older students
-éncountering unfamiliar types of study required similar
concrete experiences. Ramsey and Howe (1969) reviewing
studies on laboratory experiences of thq new. curricula of

-

the 1960's wrote:
‘-

It has been, and indeed it is the trend in many of
the course improvement projects, to make laboratory
experlences central to instructional procedures in
‘science, yet direct research on what these .
experiences should be, how they should be organized,
and where they function best, is indeed meager. : .
(1969, p. 76) RS

The authors of CHEM-Study stated that "heavy reliance is
placed upon laboratory work so that ‘shemical principles can
‘be. drawn directly from student experiences.," The laboratory

work gives "maximum opportunity for discovery, the most
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exciting part of scientific activity." (Chémiéal Educdation .
Material Study, 1963, Foreward; Bates,.1978). This f
attitude, regarding laboratory work as a learn}ng mode; has
been supported by ::i;? et al (1968) and Cooper.ahd Petrosky
(1974). These studs showed that students selected:
lgborétor& work as the preferred instructional mode.

‘By the 1970's, the role of the laboratory ﬁn sebondary 
school‘programs was considered a foregone conclusion. The
Commiséion on Professional Standards and Practices of the
National Science Teaéhers Association (NSTA, 1970) said, for
example, "the time is surely past when science teachers must
‘plead the case for schoel laboratories."™ (NSTA, 1970, p 3).
Shulman and Tamir (1973) stated "With the advance of new
curricula which streés the process of science and emphasgze
the development of higher cognitive skills, the laboratory
has aéduired a central role, not just as a plaée for
demonstration and confirmation but rather as the core of the
science learning process."”

Today in the 1980's the situation, in the‘United States
at least, appears to be changing. Because of the existing
economic conditions, new austerity programs demand
priorities, justifications, and restraints. And according
to Bates (1977, p 56) science teachers are being required to
"jhstify their requirements" for the laboratory. Recently,

Alberta Education has been pressured to reinstate provincial
o
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wide examinations. Prior to 1973, the provincial Chemistry

.30 examinations, then known as the “"departmentals", seldom

/

included questions on laboratory éétivities; and,
coincidehtally, it was rumoreé.at.the time, that some
teachers actually taught the science course without
including .the laboratory experiments. Laborafory work, for
some teachers,‘yés not considered important. Yager, Engen
and Snider (1969) found that some advanced level students
claimed that the lab work was for 'them a waste of time,
Bates (1975, p 72), on this issue, suggests that the
background of the student may not be properly matched fo
"appropriafe laboratory experiences." If the laboratory
component of the science curriculum is to survive, it is
imperative that research determine ways of evaluating.ﬁhat
is happening in the laboratory and what it is that isA
wé:thwhile. |

At present, the laboratory work still plays an integral
role in the teaching of science in Alberta.- In every
science course (ALCHEM, Keys to Chemistry, Project Physics,
BSCS, etc.) the laboratory is not oniy compulsory but in
some programs it plays the dominant role. Student
laboratories and demonstrations sometimes lead rather than
supplement the classroomLEE;dvities. For example, the firgt
two experiments in ALCHEM 30 dealing with molar heat of a

phase change and molar heat of a chemical change are

<
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sequenced early in the unit on Energy, and the classroom -

work is essentially a prelab discussion to help the student

understand the concept of molar heats.

Investigating the role of the laboratory, Bates\}1978,

p 74) suggests the following tentative conclusions from

current research:

Lecture, demonstration, and laboratory teaching methods

appear equally effective in transmitting science
content. .

Laboratory experiences are superior for providing
students skills in working with egmipment.

Although most research has failled to assess outcomes
that might be specific to the laboratory, meaningful
laboratory measures can be developed; the laboratory
appears to represent a significantly different area of
science learning than content acquisition,

Some kinds of inguiry-oriented laboratory activities
appear betterthan lecture/demonstration or verification
labs for teaching the process of inquiry. However,
teachers need to be skilled in inquiry teaching methods;
specific inquiry training should be provided over
extended periods; and students need both time and
guidance to become comfortable with the new methods

and expectations.

Laboratories appear to have potential fof nurturing
positive student attitudes and for providing a wider

variety of students with opportunities to be successful
in science.

Recent and continuing research on the role of science
teaching for nurturing cognitive development may, in
the relatively near future, provide important new
science teaching strategies in which properly designed
laboratory activities will have a central role.
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.The perspectives of this study are particularly
pertinent to points 3, 4, 5, and 6 above and are attempts to
determine, under controlled conditions, what is happening in
a high school chemistry laboratory.

The Nature of Laboratory Work: Inquiry

As mentioned previously, the traditional rolé of the
laboratorg was to.support the classroom séience teaching Py
illustration and verification. Since the 1960's the role of
the laboratory has steadily increased. This increase has
brought about different &faching strategies: inquiry,
,discovery, problem solving, inductive teaching, etc. Schwab
(1964) ideﬁtifies‘these strategies by classifying them as

levels of inquiry. At the first level (the simplest) the

teacher or the manual poses the problem and describes the
methods to be used by the student. The student, presuﬁably,
does not know the answer to the problem beforeﬁand. At the
second level, the problem is given but the methods and
answers .are not. While at the third level, the student is
"confronted with the raw phenocmenon.” At this level
problem, method, and solution are not given (Schwab, 1964, p

55).

The laboratory experiments in the Chemical Bond

‘Approach Project {1963), Investigating Chemical Systems, are
structured in a manner similar to Schwab's levels of

inguiry. (This program was. piloted in Alberta but because
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of its difficulty was never adopted.)} Students performing
Group I experiments in CBA are given considerable background
information in order to plan the laboratory work and a great
deal of help in the form of specific directions by the
laboratory manual in actually doing the experiment. Group
Il experiments are more difficult. The student is given
fewer directions to conduct the'experiment and‘procéss the
‘data. Finally, in Group III, the student is given very
little help: the problems, which are more difficul? than in
Group I-and Group II, resemble projects for independent
st;dy. Students reaching this level are encouraged to
participéte in designing experiments:

L)

At first the task of proposing a plan for conducting
an investigation will be somewhat difficult for you.
After you have participated in this type of activity
several times, you will find that this phase of the
laboratory work is challenging and rewarding. It is
hoped that you will develop some ingenuity in the
design of investigations. This will be especially
important if you wish to undertake the investigation
of any of the experiments included in Group III.
(CBA Project, 1963, p 4) -

In the present study some features ofﬁfﬁ; CBA Project.
have been incorporated. The first exper}mént'in each unit
in the Revised ALCHEM 30 resemblgs the Group 1 type
experiments in CBA while subsequen£ experiments resemble
Group.Il and III from CBA. Another sourgme which ihfluenced
‘the format of the written reports and the structure of the
laboratory'program for the'Rebised ALCHEM 30 experiments was

the The Laboratory Structure and Task Analysis (LAI): A
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Users' Handbook by Fuhrman, Lunetta, Novick, and Tamir

(1976). The notion of high and low structure, the postlab
discussion, and the categorization of levels of student

designs and observations, all found in the Task Analysis

Inventory, influenced the methodology that was finally
adopted in this study. . -

Nay (1970) describes the labo}atory exercises mentioned
in CBA in terms of Schwab's levels of inquiry and emphasizes
that the degree of structuring stated in the laboratory
manuél and the amount of guiaance provided by the teacher
influences the level of inguiry. The nature of the
structuring and guidance is in terms of the précesses of
inquigy: initiation, collectioﬁ of data, processing of data,
conceptualization of data, and open—endednesé.(Appendix c).
However, the level of inQuiry teaching attained will depend
upon the teachef, particularly his style and commitment. It
will also depend upon.pupil preparation and available-
resources {Nay, 1970, p 23). Nay's chart "Characterization
of an Inquiry Lesson‘f (Appendig D) relates the degree of
structu;e and guidanéé, level of inquiry, and teaching mode.
The . teaching strateggiin this study based on Nay's premises o
is such that the structuring of the learning {(from the lab’
manual) and guidance by the teacher are both gradually

decreased within each unit and throughout the year.

1
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Recent studies concerning laboratory ac;i&ities have
focused on such dimensions. as: ability to generalize in new
situations, ability to use the process skills specific to
science, proficiency in the necessary process and
psychomotor skills, student attitudes, and the process
dimension of knowledge (Science Educationglnformation'
Reports, 1979).

Recently Hofstein and Lunetta (1982, p 213) reviewing
the role of the laboratory in science teaching insisted thet'
"there was a'real need to pursue vigorously research on
learning through laboratory activities..." 1In their summary
of the researeh they said:

_ Approprlate laboratory activities can be effective
in promoting logical development and the development
of some inguiry and problem- solving skills. ~ For
example, they can assist in the development of
manipulative and observational skills and in
understandlng scientific concepts. They also can
promote p051t1ve attitudes, and they provide
opportunities for student success and foster the
development of skills in operation and
communication. (1982, p 212) ' -

Schwab (1964) agrees that process skills can be learmed
by the student outside of the laboratory. The study of case
histories, advocated by Schwab, is included in Project

. {
Physics (1973); but the most opportune place to develop the
process skills of scientific inquiry is in-the laboratory
(Powley, 1971, p 203). Furthermore, the development of the
skills are best done with investigative type e€xperiments

rather than the verification approach.
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Evaluating the Laboratory

The' majority of studies about the laboratory, according
to Bates (1977, p 63), have not focused on "instructional
aims from the cognitive, affective, and psychomotor
domains," Neverthéleés, in -reviewing the work of Shulman
and Tamir (1973) Bates {1978, p 63) mentions that laboratory
performance skills are now being evaluated and distinguished
from.science content acquistion. Klopfer (1871) hés a Table
of Specifics for evaluating science instruction which
includes means to measure the effectiveness of the
laboratory. Klopfer's objectives for the Process of
Scientific Inquiry are similar to the model for this study:
Nay's Inventory (Appendix C)

Laboratory objectives were fi;st proposed by Mager
(1962), Nedelsky (1965), Atkin (1968), Popham (1969), and
.others. Although not called such, these objectives were
largply based on expected student behaviors. Nedelsky
(1965) using the tagonomic approach outlined the following
.abilities: (a) dealing with knowledge, (b} understanding

theory and phencimenon, etc., and (c) learning from

experiment (laboratory skills, disciplined and imaginative -

thinking). Nedélsky's'laboratory work, based on his
objectives, produced laboratory experiments that were

adopted by Chemical Bond Approach (1963).

F)

AN



Pawloff (1974}, summarizing the effects of different
laboratory techniques, found that al;hough laboratory work
plays an important role in the science curriculum, few
studies here produced significant results. Different
instructional tephniqqe§ have had ﬂ;i£tle effect on the
outcomes that we are presently able to measure.” (Pawloif,
1974, p 72). In his reviews, Bates (19878, p 57) iooking at
outcomes ﬁhat research seeks to mea;ure and at the
evaluation instruments used, is in agreement with Pawloff.
As mentioned earlier, the outcomes in the laboratory are now
recognized as being more than mere content acquisition,

The majority of outcomes measured are largely in the
cognitive domain and the.princ%pal evaluative paradigm is
the.empirical—analytic, the conventional one. Growth in the
affective domain has been little researched -- the
attributes are difficult to measure and very time gpnsuming
(Pawloff, 1974). 'Indeed, "the affective growth Qf students.
in the science classroom is virtually ignored. If any
growth does take place, it is usu;}iy insignificaﬁt‘...‘énd
develops by chance or as a by-product” (Nay and Crocker,
1970 p 2). '

The reseach on the evaluation of achievement in the
sciences has been the main concern, un;il recently, while
the evaluation of laboratory activities, pargicularly tﬁe

process skills in the laboratory, was ignored. The
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classroom teacher,in Alberta has had few evaluative

inst uments provided for hiﬁ., Prior to 1973 the Alberta
Departhnent of Education issued compulsory ﬁinal examinatisns
for stiudents seeking senior matriculation from an Alberta
high school, but these tests contained few guestions about
the student's work in the laboratory. The questions which

did appear \dealt mainly with«scientific knowledge, and the

process skill

Tamir ;}ﬁ\Glas

students‘Qill be motivated to a much greater degree if they

and the affectiQe attributes were absent.
n {1970), on this issue, insist that
"know they will be examined on laboratory competences and
procedures...”. Kruglak (1954, 1955, 1959) showed that
laboratory skills are difficult to ppoperly‘évaluate by
means of paper—and;pencil testé and probably can only be
done in a valid manner with "performance tests"”. Jeske's
survey on methods of evaluating practical activity (1980, p
60) includes the Klopfer Model--a schemé for categorizing
the range of student behaviors. Klopfer's objectives of
develobing skills in using laboratory equipment and
performance of common laboratory Eechniques are effectively
assessed by the practical examination, but the best way to
assess the student's skills in thelProcesses of Scientific
quuiry,'is to observe the student while éngaged in ihquiry.
The action component of ‘the affective domain (atfitudes and

interests) in the Klopfer model are also assessed by
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6bserving students in action (Klopfer, 1971),

The multitude of competencies required by students

)

performing laboratory work has been analyzed by several
educ@tors: Taxonomy of objectives in the gognititivé domain
(Blo;m, 1956) ; taxonomy of objectives in the affective
domaiT}(Krathwohl et al, 1964); inventories and categories
of process skills (Nay et al,'1971 and Rlopfer, 1971).
These taxonomies and inventories determine levels of
scientific,_inqguiry described by Schwab, and they atfempt to
descEibe common rather than specific' acts and processes
needed in t;e science laboratorf.

In the present study, Nay's inventory, An Invéntory of
P y Yy Y

Processes in Scientific Inquiry (See Appendix C), was chosen

over the other schemes as a model for evaluating behavioral
objectives in the laboratory. The inventory is, of course,
more than an evaluation scheme. It is a model for )
instruction-~a model with-structure that parallels the
format (fofm and sequence) of the experiments used in ALCHEM
and yet is not too rigid. 1In.addition, %he inventory
~contains a more extensive list of processes in scientific
inquiry than the other models mentioned. The inven{gry has
been used with the gtudents of this study as a guide\to
understanding the research behavior of scientists and as an
annotated list of process skills which-&tudents are likely

to éxhibit before, during, and after a laboratory
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experiment. . ' .

Empirical-hnaiitf& Paradigm . .

The parameters of the empirioal-analyticggype of
resea:ch (also called technfcal, nofmalive_and sohetimes
scientific) are reliability and validity (Kerlinger, 1964).
The evaluation is perceived as méan;-endé. It is
achievement oriented and goal based. The notion that life .
and reality are "out there” and can be explained with
certainty and predictability is a paramount belief of
achievement o;iented evaluators. The way of knowing is
empirical and our understanding of knoﬁlgdge comes from
facts, hypotheses, theories, and laws (Acki, 1978). :
Evaluators in tﬁis paradigm set up predetermined goals then
determine the realization of these goals by stressing. |
measurements of student achievements. Critics of this

paradigm suggest that the student becomes indoctrinated

through a process of training and "inculturation” before he

is allowed to determine his own valid point of view (Rothe, ’

1979, pp. 21-27).

The Tyler rationale which has been perhaps the most
persistent model in curriculum evaluatisn has bee;, in
Kliebard's words}?“raised almost to the status of revered
doctrine.” Kliebard points'oakﬂthat if educational
objectives need only be consistent with one's educational

philosophy, then we had better take a good look at the

-

"
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educational philosophy., Although the objectives are drawn
from studies of the lea;nef,gzzudies of society, and
suggestiéns from subject matt‘r specialiéts, this still
leaves us with the problem of arxiving at a prdper
philosaphy (Kliebard, 1975, pp 70, 77, 80).

K“The Stake model consis;ing of Intents, Observations,
Standards, and Judgments hﬂgﬁ%‘difficulty. Called the
"if-then program”, the model rests 6n.the rationale

(Standards) of 'the experts, and it is the rationale of the

.experts which need to be critically examined (Taylor angd

Cowley, 1972, p 96}.

Research testing systems-such as pre and post-tests,
guestionnaires, analyses, etc., have a technical interest in
knowledge. The technical knowledge is valued for itself as

being "précisé, transmissible, and innovative, its

acquisition is inspired by desire to dominate the worlds of

nature, humanity, and society..."” (Gurvitch, 1971_ p 29).
Habermas (1971, p 309) calls this the "cognitive interest in
technical control" and names it the empirical-analytic

approach to evaluation in research. ‘The process-product

- reasoning in industry with its stress on systems management
and accouptability has permeated with force into the school;

" and this reasoning often reduces people to "manipulative

abstractions™ (Apple, 1974, p 10).

N
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Speaking on predetermiﬁed behavioral objectives, Apple

guoting Bernstein says,

One can value, say, predetermined behavioral
objectives for their supposed ability to~lead to
measurable outcomes (their efficiency as means-to
reach previously chosen ends); however, ‘the very
notion that such reductive and atomistic currlcular
formulations are worthwhile educationally in
themselves is an arguable assertion to say the
least. It can certainly be argued that they embody
an ideoclogy of control, that they place much too
high a value of certainty above all else, that they A
are inaccurate representations of and trivialize the

processes of inguiry... . (Apple, 1974, p 11) \

To conc@ude the review of the literature on the A\\\\
prevailing pé{adigm, a word from Power seems 4in order.

Power (1976, p 579) reiferates that the traditional paradigm
employs acceptable standards of procedures and demands
‘rigorous objective treatment of data collecting and
.proces;ing. Tﬂe rules are well establishediand they have
lworked for most types of research; howeverpjin science
education they impose constraints.

The results may be valuable to résearch workers in

the same field, but rarely has the experimental path

yielded anything of real significance to science

teachers or had any real 1mpact on practice.

(Power, 1976, p 592).

The réview of the'literature has uncovered some rather
harsh word;¥5hput the worth of predetermined beﬁévioral
objectives and_about Ese'empiricélhanalytic orientation
which has been responsible for much useful research. For

. the present study, the undeniable inference from these views

is that other perspectives are needed if the ideology of
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control ,is to be broken, and if the positive-rational“aCtion
that Habermas says tends to depersonalize human interaction
is to be arrested. Perhaps we in education are indeed
trained, as Apple says, "to believe in the efficacy of our
technical expgrfﬁse" (Apple, 1974, p 16).

The réview'of the literature has also revgaled that the
.predominant paradigﬁ when applied to research in science .
education, at least, has produced an inordinate ngmber of
conflicting results. It(%as also produced a large hpmber of
studies with "no significant difference" in fhe results.
Furfhermore, studies in this paradigm are too éestrictive.
Only a narrow view of reality is being iﬁvestigated largely
due to two Prerequisifes: objectivity and controls. Oldham
(1981} in an analysis of current paradiémslin science
education research cites several contemporary researchers
who found thé dominant paradigm wanting: Bowen (1975),
Driver and Easléy (1978), Jenkins (1976), Kempa (1976),
Lovell and Lawson (1970), Patton (1%}5), Roberts andl
Russell (1975), and Sanders and Schwab (1979).

. The classroom and the laboratory are seen as complex
settipgs which, if to be effectively evaluated, regquire
additional evaluation paradigms. The criticisms of the
empi;ical—analytic paradigm discussed éo-far justify to some
degree the direction of this study. Employing a dual

»



37

approach, (the empirical-analytic éhd‘the
situational-interprétative--previously defined in Chapter 1)
this study emphasizes the situational-iq;erpretative
paradigm to a greater extent, not only on the basis of the
criticisms by Rothe (1979), Kliebard (1975), Power (1976),
Apple (1974), and Oldham (1981) but also because af the size
and naihre of the population of the main study. Rigorous
and significant empirical conclusions‘can hardly be expected
from a study which employs an unrandomized populatioﬁﬁof
only twenty students. To investigatg the problem of this
study solely by means of the empirical paradigm woulé
necessitate adequate randomization} stricter controls, and a
much lérggr population--all either impossible‘or |
unmanageable. Even if some of the extraneous variables
‘(intelligence, motivation,.dedic;tion; enthusiasm of the

teacher, etc.) could be controlled, thereby increasing

precision of results, generalizability would unfortunately

k]
decrease.

Situational—fnterpretative Paradigm'

The anthropological péradigm employs the ethnographic
approach (Power, 1976) and is called the
situational-interpretative by Habermas., This approach

demands that the investigator does intensive
fieldwork in classrooms of a kind which allows him
to become a participant observer rather than a
detached scientist manipulating, controlling and
measuring people and events. (Power, 1976, p..582)



s
Aokl insists that this type of research in curriculum

evaluation is vitally complementary to the traditional type

of research. The_researcher must communicate: "clarify
"motives, authenticate experiences and common meaning."
{1980, p 12)

Using Habermas' three orientations {(empirical-analytic,
interpretative, and critical-theoretic) Aocki argues that the
three orientations can be used not only for research but as

paradigms for curriculum development and evaluation. By

interpreting people's perceptions about a program; the
. .

-

researcher.determines whether_a,program'fs relevant,
meaningful, and worthwhile (Aoki, 1978, p 14). |

Power's."philosophical“ péradigﬁ'resembles Habérmasf
critical-theoretic. To anSwer the gquestion "What is
educational about educ&éional research?”, Power argues that
the guestion may have a solution if subjecéed to a
systematic philosophical analysis (1976, p. 584). The
researcher, using the critical inquiry perspective, says
Acki, must "himself become part of the bbject_of the
inguiry."™ (1980, p. 13)

A scheme to classify évaluation models f; suggested by
House (1978, p 12) who makes use of classification models by
Stake (1972}, Popham (1969), and Worthen and Sanders (1973).

The taxonomy which House describes includes eight models in

a grid of "critical dimensions” listed vertically for
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" comparison. These include designati@ns such as-proponents,
methodology and outcomes. As one moves Wown the methodology
"column the research methods become 1eé§ academic and more
phenomeno}égical. As one moves down the outcomes the
overall-cgﬁge:n emphasizes more persconal understanding.
House, for example,. labels Tyler's model of behavioral
objectives as utjiitarian -- one which employs traditional
acadenic models; whereas, fhe proponents of Stake, Smith,
MacDonald and Parlete-Hamilﬁon have modqlg termed
transactién and are ones which use case studies, interviews
and observations as their methodology.

The Pilot Study uncovered useful technlques and general
methodologies of the sztuatlonal 1nterpret1ve paradigm; and
these research methods have been apﬁlied to the evaluation
of the laboratory teaching strategy of this studx< Several
ethnographic investigatiﬁe techniques found in the
lite;ature are gxamined in the following setction.

Participant Observer

Wilson et al (Center for New Schools, 1974) found that
goals reached from data collected from'interviews,
gquestionnaires, and 6bservations were best attained when .
participants were involved, whenever po§§ible, in the design
and activity of the data collected. The evaiuatoré found
that inforﬁative feedback helped to shape on-going programs

.and helped participants reach their goals. "Evaluators have

ra
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a responsibility to help people...be successful in their
endeavors... . The people should .feel Ilike co—evaluators.;'

{1974, p-5). The researchers discovered that pérticipant

observation, although time consuming, was a very powerful

technique for gathering reliable and valid information about

changes in student behavior (13974, p 24).
There is no one right method in ethnography suggests
‘ Wilson (1977) who advocates that researchers, during the °

review protess, concern thémselves with the following issues’

'

and questions: .
What was the researcher's role, training and
previous experience?

What were his personal feelings about the study?
Who supported the study?

To what extent did he become a participant?

Other questions which help to understand the

perspectives of the participants and pertinent to the

‘present study are:

How long was the researcher in the setting?

How regularly was he there?

Where did he spend most of his time?

With whom did he spend most of his time?

How well did he understand the language of
participants?

How was he perceived by various groups of
participants?

Was there systematic variance in his understanding
of the perspectives of various groups?

What were the levels of confidence the researcher
placed in various conclusions?

What was some of the negative evidence?

(Wilson, 1977, pp. 261-263)

Sindell (1969), reporting on various studies, found

that the teacher working alone is severely handicapped when
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doing this typé of research work -because he is emotionally
involved in that which he is trying to study. In additon,
the teacher is faced with a ftremendous amount of social
interaction he must initiate and react Eo while teaching"”
(1969, p. 665). ’Since one caﬁnot observe eberything.one
must be selective, and the activities which occur ffequently,
and with a high dégree of freguency are those to be
preferred says Spradley (1980, p. 62). He cautions,
however, that the less familiai.one is with the social
situation, the easier it is to "see tacit cultural rules at
work.” Admittedly this was a problem in the present study,-
and particularly with the Teacher's Log. Someone unfamiliar
with the students and the laboratory setting might be more
perceptive in some situatiohs; howevef, knowiilg each student
personally cfeated more advantages than disadvantéges.
Students do not always say exactly what they mean, and in
order to "read between{the lines" one must know thg student
well.: _

Séme salient techniques suggested by Bruyn (1966) are:
The éarticipant observer shares life activities on a
-face—to-facé relationship; the observer requires both
detachment and-personal relationship; and yet, his social
role.is to be a natural part of the cultural life. The

balance of objective detachment along with personal

involvement was found particularly difficult during the



pilot stage, although somé ‘data gathering techniques were
refiheé by involving étudents. Students were asked to
c:iticize the state$énts and the frequenc; of the qdestions
on the quésftghnaires, Ebr ex?m§le. They were asked
(anonymously) if the presence of the teacher a?fected their
responses to questionnaires, taped interviews, and written
comments, ‘

Technigues developed by Spradley (1980) have been used
in a recent study by Cuyler (1981).who set put to infg;bret
the philosophies of art galleries. 1In Cuyler's (1981)
,énalysis, order aﬁd category‘emerged from her data wyich
permitted her to’§i§cover meanings in the behaviors of
docents. One of ‘Spradley's three ethnograﬁhic analyses, the
taxonomic analysis, was adopted for this'study. fhezpurposé
of this taxonomy is to show how domains are organized and
related. For example, the investigator can focus on a'stage
and determine by observation or interview such guestions as:

How many .students can initiate tﬁe activity on their

own? Which students cannot? Why not?

How many initiate action by observing others? Why?
How many change their initial actions? Why?

Summary

In order to investigate a broader view of the
laboratory scene, the situational-interpretative has been
chosen as the predominant paradigm. The principle

. techniques for gathering data to assess the problem of this
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study utilize three tests iﬁ the empirical-analytic (a
chemistry achievement. test, a process skill test, and a
scgentific att}tude test); whereas, in the
situatioﬁal-interﬁretative paradigm guestionnaires, written
statements, taped interviews, and fieldaﬁotes ("participant
observer's" notes) are used. _ e
Tﬁe particular theoretical framework from which this

study has been carried out is one which includes all three
‘domains {concept, process, and affective) and employs a
di-paradigmatic appr;aqh to‘e&aluation-—empirical-analytic

and situational-interpretative.



CHAPTER 3

EXPERIMENTAL DESIGN

n
J/J\\‘J

f—

This study is a_qﬁalitative—quantitative investigation
of inguiry iegrnfhg and teaching in a high school science
laboratory: As mentioned earlier, the study is an attempf
to de;ermipe the extent to which studenﬁs can exhibit
obﬁectiveg in the concept (higher levell, attitﬁde, and
scientific process’skill domains if tﬁgilare presented with
minimaily structufed laboratory investigations. 1In
addition, the subjective meanings and feelings that students
attach to their behavior'rpgarding this type of inquiry -

’learning are investigated. A di-paradigmatic approach, a
Elend of empirical-analytic and sifuational—interpretative
paradigms, is the research mode and is depicted in Figure 1.
- Tbis chapter provides the rationale for the design of
the study, a&d centers around the teaching strategies
employed in the Revised ALCHE& 30 experiﬁents. An outline
of the testing instruments, the investigative tecﬁnihues,
the pilot studies, and the ma{n study is followed by the

manner in which the collected data were analyzed.

44
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Model Used for the Study:

This study is based essentially on the Werner and Aoki

(1979) model given in Figure 2. Its componeﬁts of intents,

displays, activities and evaluation (IDA/E) illustrate the

"why" (the intents), the "how" (the activities) and the
. .
"with-what" (the displays) of this study. The intents

encompassed the notion of teaching and learning chemistry

mainly through high level inguiry in the laboratory setting,

the outcomes of this type of pedagogy, and the student's and

teacher's {investigator's) subjective thoughts and feelings

about this approach. The activities consisted mainly of

Z

student engagement in chemistry investigations in which they
- ’ )
had to qontributé to the solution of the posed problems and

n of their reactions to these activites. These Yo

submissj
activitdes are based on scientific process skills (Appendix
C)}. The displays consisted of printed instructions for qa?
investigative activities {most of which were ALCHEM ones
revised to incorporate a higher level of inquiry), the
méfE?TQ}s requireé for the laboratory activities, and the
instruments fof collecting data for the study.

The ;ircular model in Figure 2 also serves to emphasize
the fact that this study utilizes formative and summative

evaluations, Evﬁluation, in this study, must play a major

role, and the approach is the “injbrocess“ type of

evaluation referred to by Werner and Aoki (1979, p 60).
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Figure 2

IDA/E Eyaluation Model

IN-PROCESS EVALUATION

INTENTS ACTIVITTIES

DI‘SPLAYS




This evaluation, also délled "formative evaluation”, is

essential to students since it makes them aware of their

progress on a continuous basis; it is_also essential for the _

‘ : ey,
curriculum developmént of thisnstudy since feedback provided f@;
by the ‘in-process evaluation gives direction on a continuous
basis for the program. The pilot phase, the initial
tn-process eva}uation conducted-for two semesters t1981,

1981-1982), produced several'ghanges in design and
implementation og the study.‘ These_will‘be discuéséd ater

in the, chapter, -

Evaluation is always implicit in defining intents and
selecting displays and activities, but the in-process
approach emphasizes the need to constantly "gquestion the
criteria used" in the selection of intents, activities, and
resources (Werner and Aoki, 1979 p 61). Examples of the
in-process approach used throughout the pllot phase are
explained in thé chapter. ;”_

w o~
«f'q

The Pilot Studies {?

Pilot studies were carried out in the 1980-81 semester
and '‘again in the 1981-82 semester in an Alberta rural h1gh -
~schoq;, population of approxlmately 600 students Three
clésses including a total(gf 54,students-used ALCHEM 30
materials that underwent revisions throughout the pilot

'phase. . '1_ : o
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Students at the beginning of each semester were told
about the study and that théy wouldee playing an important
role in providing data about fleld testlng new experiments

.f

and varlous measuring instruments.
Specifigally, the'pilot phase Wwas used to;
i. ‘field-test and revise ‘the modified eight ALCHEM 30
¢xperiments,and.the new laboratory,éxperimenfs L2, M2,
and N4 (Appendix B). |

4

2. develop the system of lab reporting (formats, ‘scoring -
" system, administration, ti%e, etc.).

3. determine, for each experiment, if students had
spfficient time to perform the experiment égg write up
the Observation Rebort in an 80 minute beriod. |

4. develop and refine technigues for data collection for:
this study (pre ahd post lab activity, guestionnaires,
recorded interviews, and investigator's field notes).

5. administer ‘and analyze the results for TOSA, POST and

the Chemistry.BO Achievement Test provﬁdéd bf'the

2

Student Evaluation Branch, Alberta- Education.

L . ] .
Salient mggifications resulting from both. pilots ar®e as

follows:
. A
1. The first experiment.ip. original Aﬁ%HEM 30, Molar

Heat of a Phase Chapge, required students to galculate a

hea® change which &volved a phase change and a kinetic
energy change. This experiment was sequenced later-in

1 ]
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the unit in the revised experiments because the original
experiment was found to be too difficulf for students as
the first unstructured experiment of the semester. -
Almost every laboratory experiment exercise underwent

some changes in direction {(Procedure) and processiﬁg of
data. Many proceés directions! for example, were found

to be unnecessary because they were too sStructured.

Other directions previously removed had to be reinstated

. because students simply dia not think of doing them.

Some of the Prelab Exercises and all Observétion tables
were deleted since they provided structuring which was
found to be unnecessary. |

Many of the instructions given in ALCHEM 30,
particula;ly under Calculations, were found to be
unnecessary. Students performed them because they were
essential in échieying the purpose of the experiment.
They did ‘not have to be specificallf told to perform the
interpretatipns.- | | 2
The original ALCHEM experiment Lab N1 was fodnd éo be
too short for.an 80 minute period and was lengthened by
requiring-ihe.student to-actuﬁbly pgrform the tests‘
menticned as exercises in the Prelab. 1In addition,
students vere reqﬁired to perform 24 tests with

indicators (3 indicators with 8 reagents). The original

ALCHEM experiment called for only 7 tests.

e

—
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6. The original ALCHEM experiment Lab N2 was found ES be
too long and was divided into two experiments. Part A
{original) with. its 13 procedural steps given becamé Lab
N2 (revised} and the pfocedural steps were reduced to
two. The observation-fabfe was‘removed.‘ Part B
(original) became Lab'NB and again all procedural steps
and observation tables Qere removed.

7. In the pilot studies, students found it difficult to
finish some of the experiments and structure the data
before th? end of the period. Students in the main
study were requested to have a prearranged scheme for
recording data. Further organization of data by
students (rearranging, compafihg, orderinglor
classification) was done at a later time and not
attempted during the laboratory period.

8.. interviewing more then a‘few students after each

experiment proved unmanafeable. For the main study,

only two students chosgn at random were intervieweé for
each experiment.

The pilotlstudieS‘revééled'that the revised experiﬁents
requiring determinations (e.g.l molar heats, t%trations andg‘
EMF's: Labs L1, L2, L3, M2, M3, N2, and N3) produced higher’
mean percent errors than for ciasses using the original”
ALCHEM 30 materials.E/Lndéga] as the aq}unt of structuring

was diminished the class percent error increased. Untried

’
.
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student desigﬂs undoubtedly require greater mod;fication and
refinement. Invariably, students expected better results
than the ones they obtained and many were disappointed with
the high percent errors. However, in Lab L3, a typical
example, the average error for all pilgt classes was only
15%. As a result of these findings it was. decided not to
pénalize students on -the laboratory report {(FR) for high
percent errors. Rather the 'grade on the report would
reflect how well a student performed and realized the
objective oﬁ the experiment based oh his design, Although’
"the percent errdr was not ignored it was decided that ;
reports Qith errors generaily less than 20%.(less for the
titration experiments} would not be penalized for the
deviation.
he TOSA, POST and Chemistry 30 Achievement tests were

adpifiistered to the last class in the pilot phase so\?s to‘
" gain some experience in their use ahd to obtain some
preliminary indication of:the effect of an inquiry teaching
strategy in the laboratory. TOSA was used to assess the
effect of this strategy on the scientific attitudes of Grade
12 students. Similarily, the Processés of Science Test
(POST) was administered to measure change in the process
skill domain. Regarding TOSA, a pre- to post-test’design
wﬁth no control was employed, and the éffect of the semester

treatment of laboratory inguiry teaching produced a
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significant change in pupil attitude as measured by TOSA.
See Table 1. The same comparison was not possible with
POST. The pre-test was administered at the beginning of the
year buﬁ scﬁool was closed because of inclement weather on
the day the post-test was scheduled. Since this day was the
last day of reqular classes for Semester I, the test could
not be rescheduled. -

The purpose of the Chemistry 30 Achiévement.Test,
adm}nistered as a post-test, was to see if students
subjected to the strategies of tWe pilot (which called for
mu;h.more time in the labg;agory than in_the claésroom).
would be penalized on a conventional content examination
such a& the Alberta Education Achievgmnt Test in Chemistry
30. Students from the pilpt compared favorably with the
provincial group Scoring 17% higher than the mean
established by Alberta Education, a mean based on. 136

students.

~

The Main Study

The main study was conducted in the second semester of
the 1981-82 school year. It involved an egperimenfal group
of students consisting of 12 girls and 8 boys. The design

_employed was similar to that described for the pilbt phase,
except that the revised procedures, materials and

instruments were used, 'These are now discussed below.

A



TABLE .

Pilot Study Results for Test Instruments
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POST** |- 30 28.86 5.35

Chem

30| 18 : 45.83 8.31

" Test n Pretest S.D. Post-test §.D. Difference -t
Mean Mean ' Value
TOSA 30 24.40 3.59 25.87 3.72 1.47 2.21%

* Significant beyond the p=0.05 level.

** The post-tést for POST was not administered.
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The Teaching Strateqy

A typical two week period in-Chemigtry 30 consisted of
approximately 560 minutes of regulaf classroom activities
(lectures, demonstrations, homework corrections, and
evaluation) and 240 minutes in the laboratory and Jgth
laboratory related activities such as pre- and post-lab
sessions.

The essentlal aspects of the teachlng strategy used in
the study component are as follows.

1. Introduction of Scientific Process Skills
2. Prelab Activity
3. The Laboratory Activity

4, Postlab Activity

Introduption of Scientific Process Skills

At the beginning of the term prior to the experimental
work students were introducedlto the”objectives of the
laboratory work. Specific objectives are 'listed at the
beginning of each unit in ALCHEM 30 but these objectives,
which include some behavioral objectives, are generalf&
concerned with the content of sc3ence (knowledge,.facts,
principles, theorles, etc.) The processes of scientific
inguiry--the general processes-that sc1ent1sts use in
discovering knowledge--had to be delineated and discussed,
using the "Inventory of Prbcesses in Scientific Ihquiryf by

b2

Nay et al (Appendix C). However, the most importanf avenue
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for the studehts acquiring knowledge of and skill in these
procesé skills was through performance of the experiments.

Prelab Actiwvity

Usually the day before each experiment at least part of \\
the lecture périod Qasrdevoted to class disqfssions and
demonstrations about the forthcoming experiment. The

&fhbriefing-wég/ggk\qfed to give additional inkormation or
instructions to those given in the laboratory €xercises but
' . rather to clarify instructions for pupils wﬁo were having
. "difficulties with those given in the printed materials-
-(Appendix B).
¢ “Since most students; at the beginning of a uéit, have
limited laboratory skills and lack general knowledge about
the concepts and related facts, the prelab activities tendéd
to be in more detail for the first experiwent of each unit.
For example, at the beginning of the year studenfs were méde
aware of the use and the limitations of all necessary
measuring instruments (graduate cylinder is 21 mL,
thermometer is +0.1°C, centigram balance is 10,01 g,'etc.));fh‘
In'addition to the above, the majority of the laboratory
experiments included some prelab exercises which further
developed the problem to be -investigated. With few
exceptions, the prelab exercises were identical to those of

]

the original ALCHEM experiments.
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Cooperative planning of the upcoming experiment

involved the following activities:

1. Students were helped to identify and formulate thez{/
problem. : | |

2. Salient process skills were discussed.

3. Safety precautions were discussed.

4. The use and care of special eguipment was demonstrated.

5. Students were guided to necessa:y'theory and sources of
information, |

The Laboratory ‘Activity

3

With the exception of Lab L2, students performed all
the experiments at thelwork bench individual}yt Because éf
the multitude of operations required and to some extent the
risk of injury (e.g..burns from esc;ping‘stéam), students
performed Lab L2 in paifs.' |

Students perﬁormed-the experiments during the time
scﬁeduled for Chemistry 30. However, provisions weré made
for extra laboratory ﬁim? when needed--before school,;during
noon hours, during free periods, and after school. The
extra timé was necessary for those students who required
more data or whose initial design proved unsatisfactory, N

Dﬁring the work pegﬁod of the experiment the teacher .

T
was involve@ in- the following activities: .

1. Pupils were observed to see if they were following their

own designs,



2.- Students were helbed with minor lab techniqueg and
skills bhf were not given a better way to perform the
skill. (The unwritten rule during the léb session was
"solve your own p;oblems;")

3. Equipment,_méterials, reagents, etc.; were provided for
students Qho had changes in design.

4, Hazards were minimized,. |

5. Students Qere allowed to make mistakes but, whenever
possible, an attempt was made to find out if students
realiéed their mistakes.

6. Although students were generally léft-alone during the
wo?k'to perform\{gg lab and‘solve their own'problems,
occasionally pupils were questioned to détermine if they
were making reasonable. inferences from thfi} data.

Student progress "in the laboratory activity was promoted and

monitored by means of‘threé iaboratory reports, to be

suﬁmitted by e&éh stuéent for-eéch experiment. These

reports were a Design Report (DR}, an Observation Report

(OR), and a Final Report (FR). The treatment for each e

-
1

report was as follows:

Design Report (DR). Each student, before going to the
laboratory bench, had to submit a report which included the

| design he intended to follow. This insured that students

vere adequately prepafed for the laboratory experiments,

4

gave them an opportunity to develop skill in designing
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experimehtsﬁ and provided evaluative data for this study on
student acquisition of process skills. ié#

The Design Report was submitted on a form provided. It
showed the expériﬁental steps including the expected
sequencing. Students were told to be specific and to be
particularly quantitative in their experimental steps. The
student was not -bound by the original design; indeed, the
original design may ‘have resulted in failure and would
require modificafién. The stude&t may have to resort té a
trial and error approach to design., If changes were made,
they had to be reported on the Observation Report at ;hé.end

of the laboratory perioé.

Observation Report (OR). At thre, conclusion of the

L
o

laboratory period, students were to submit an Observation

Report on a form provided containing all the data collected

‘ during the experiment. Bach student kept a carbon copy of

the report.so that tﬁe data could be processed at a later
time.

-Students vere eﬁcouraged to draw up.a scheme for
recdrdigg data before the actual performance of the
experiment. For many students ﬁata was initially recorded

in an-unstructured fashion to be processed and interpreted
[

‘later in the Final Report;
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Final Report (FR). Within two days after the
laboratory pefiod, stﬁdents were required to submit the
Final Report in a format of their choice. This réport was
to include:
1. how the data were processed
2. calculations, pércent erro;,'sources of error, etc.
3. interpretations: the extent to-which the problem was
solved, validity of assﬁmptions, explanatiqgi, etcf
The laboratory report serves a dﬁal role. On the one
hand it is a teaching strategy, the activity,in which the
student igqengaged while performing an éxperiment; on -the
other hand it-is an evaluative instrument for the process
skills involéed in inquiry. 1In the laborétpry students
-attempted to learn and utilize the scientific process skills
necessary for their inquiry (some éuggested-by the exercises
and some pr&vided by tﬁemselvés). The data of the reports P
served as the qUanf?éative'basis fpr eﬁaluating the manner
and extent to which students attaingd\she reéuisit; eyyéﬁ
objectives. The reports also revealed to what extent ' .ﬁ
studeﬁts made sense of their data and whether the

experimental steps produced legitimate data,-data which were -~

sufficiently complete to enable the problem to be solved.
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Postlab Activity

-

F 4 . ‘ h Y

After the laboratory reports were returned\to the V~Ay

student approximately 30 minutes wagtspent in the .classroom -~
AN N

discussing the experimeﬁ}, its theory and the process skdlfs

applicable to the expefiment. Improvements in design,

observations and processing data and errors in_the use of

equipment were discussed. Class averages and percent errors

were also discussed. Continuity with previous experiments

.

. : SN :
and appropriateness and relevance\to course material were

also covered T&me was spent on hlgher process skllls such

[

as conceptuallzatlon of data"™ and "open-endedness" because

they were difficult for students to exhibit. For example,

" the generalization of molar heat of a phase change from Lab .

L2 was used to formulate ways and means of measuring the

-""""\

molar heat of melting for ice in Lab L3. Studggts were - -

iunaware that thls was the. problem for the next laboratory

experiment, Lab L3. This is an 1llustrat10n of
oben-endedneSSi;seéklng further ev1dence to {(a) increase the
level of:confidence in'theagenEra}ization, and (b) test the
range of applicability of thecgeneralization (See Appenai%
C). But before the end of the activit} pericd, the teacher
guided the dischEions in an attempt to engage students_in a
“free d1scus;ton {not teacher directed) abz(y their

attitudes and feelings regardlng this particular mode of .

learning. The classroom discussions after each experiment
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had a dual purpose: one was to help the student better
understand his performanﬁes‘in.the laboratory, the other to
provide data f?r the-study. Pertinent findings from thesg
discussions are included'inAthe.Tééchér's'Log, Appendix N.

The Revised ALCHEM 30 Experiments

The revision consisted of modifying the eight
;experiments in the ALCHEM 30 program and addiﬁb three new -

ones. Each unit in ALCHEM 30 has three laboratdry

e

.%aperiments with the ekception of the Energy Unit (Qnif L)
which has two. The revised laboratory experimenfs (Appendix
B) for fhis'study include tﬁree experiments in Unit L
A{Energy)}, four experipant% in Unit M. (Electrochemistry), and
four éxperiments inyUﬁié N (Acids 'and Baseéf. Consequently,
‘this-study has fift& perceﬁt more experiments than fhe
. . . . e
original ALCHEM 30 laboratory reguirements. .
. The ALCHEM 30 exberiments were revised to incorporate a
hiéher_level of inquiry. 1In the ﬁodification, the problem,
materials and breiab fhstrqctio;s rema}ned the éa@e as in

-

" the original experiments, but the procedure,:observing,

students were egbected to desigp and éeqqence the - -<//
experimental steps,'tabulaté observations and process dats
in their own way. When a revision was complete, all the .

original experiments were removed from the students’ ALCHEM

L

package ‘'of materials and . the revisedﬂexpefiments

B .

<

. calculations and questions were more unstructured; that is, .-

——

—
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sabstitutgd.

/ o 'As can be noted in Tables 33 and 43 in Appendix ‘B, thé
ﬂﬁ;/’ . experiments in each unit are qequénced in such a waj that
the amount of guidanc%’prOV1ded by the labortory’ manual and
the teacher diminishes with- each subseguent exper1ment The
first experiment in each unit is g?e most hlghly structured
while the last is the 1eést structgred. Experiments which
have fhe least amount of guidance presumably demand from th;
student the highest level of inquiry. Since the skills and
the techniques differ from unit to unit, the gradaﬁion of.
levels of inguiry is necessary to pro#ide an early
opportunity fog the student to learn the neceséary géneral
knowledge and to become familiar with fﬁgifédﬁiéilé

laboratory skills and techniques of the unit under

<
-

investigation.-

© In Appéndix D and‘Table 2 the number of process skills
. geqﬁfred for the ALCHEM 30 experiments, are compared with therl
Reviséd_ALCHEM 30 ones. The relative emphasis of éaé
specific prpcesé'skill is.déEermined by the nature of the
expefiment1 No 51ngle experlment necessarlly contalns all
Lhe process skills 11sted in the Inventory (Appendlx c).

. However, as cag, be noted from Table 2, it was p0551b1e|to

v
-

‘increase themnumber of process skills in several of the
? A v ) ) . - - , .
. experiments (L3, M1, M4, N1, N2), T

ic‘-
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In Table 2 it can be seen that students have a
substantially greater input'into the solution of the
problems in the revised experiments than in the original

ones, hence by definition.must operate

t a much higher

level of inquiry. Indeed they are requited to initiate 231

»

out of the 355 steps, (65% of the total) as ompéred with 75
out 243 (or 31% of the.total) in the origindl ALCHEM
experimq@tg?‘ﬁiqﬂterms of Ngy's definiéion of level of - ‘!g_;
inquiry (Appendix D) the laboratory acﬁivity in this study

must be considered to have been conducted at a very high

leﬁe;; .

-

The Data-Ccllecting Instruments

The instruments used in this study are divided fbpo two
groups: formal and informal inst:umeﬁts.' The fofmél
instrumeats were used to gather primarily'quéntitative and
anaﬁytidal datq, which could be cdllected by means of'paper‘
and pencil tests, labofétory guestionnaires and reports.
Specifically the‘formél instruments iﬁcludéd:
1.“Otis—Lennod'Mental Abi}iﬁy Test
2L Chemistry 30,Achievemen£ Test (Alb;rta Education}

3. IProcesses of Science Test, POST (BSCS, 1962)

4. Revised Test on Scientific Attitude, TOSA (Andruski,

Kozlow and Nay, 1981) - e
5. Laboratory Questionnaires _
6. Laboratory Reports . / ' '

4 ' —

M
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TABLE 2‘ )
Comparison of Sqientific Process Skills in
ALCHEM and Revised ALCHEM Experiments
Total Process : Process Skills
Skills Required Initiated by Student ’
Lab No. ALCHEM Revised , ALCHEM | Revised
L1 .35 35 - 7 16
L2% - - 3¢ - 23
L3 - 33 36 6 29
Mt - 26 27 8 15
M2+ - 33 - 23
M3 32 32 -~ 8 19
J'=M4 . 29 . 33 | 10 18
T 28 32 11 19
N2 29 30 11 22
N3 30 . 30 | _ . 14 22
Nax -3 = 25
Total 249" 355 ' © 75 231"

4,

o

"¢ Experiments not part of ALCHEM.
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The informal instruments included:
1. Tape-recorded interviews
2., Written statements on the Laboratory Questionnaires
3. Investigator's field notes

The model in Figure (3 classifies the instruments as

either - formal or informal e domain in which

each insfrument;purportedly sdpplies From ﬁﬁg\
interactions in the model it can be seen that each domain is
covered by at least five instruments. The quantitative data
of this study obtained from the inforﬁhi testing instruments
are reported and discussed in Chapter 4., A brief
description of “each instrument and the reasons why it was .

chosen dre presenzéd below,

Formal Instruments

1Q Test. The IQ test administered in this study was

L ) 4 L
the Otis-Lennon Mental Ability Test. The score, called. a

Deviation 1Q (DIQ)., is a normalized standard score with a

mean of 100 and a standard deviation of 16 points. Form J .
(Advanced level for Grades 10 through 12) was administefed.
to stuéents of the pilot ang?main study}

Chemistry 30 Achievement Test. This test.is a

Chemistry 30 achievement test developed by the Student

Evaluation Branch, Alberta Education. Permission to use
this test was granted by the Director of the Student

Evaluation Branch, Permission was also granted to use
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Figure 3

Classification of Test Instruments Used in Each Domain

F-1 - , .
F-2
. CONCEPTUAL
‘F-3 R DOMAIN
F-4
F-5 .
~
PROCESS SKILL
DOMAIN
I-1 .
1-2
g — SCIENTIFIC ATTITUDE

I-3 , . .

» DOMAIN

Formal Instruments’

Fi1 Chemistry 30 Achievement Test (Alberta Education) -

F-2 Processes of Science Test, POST (BSCS, 1962). ,

F-3 - Revised Test on Scientific Attitudes,TOSA (Andruski,et al)
F-4 Laboratery Questionnaires '

F-5 Laboratory Reports (DR,OR; FR)
Informal Ins;ruments
. I-1 Tape-recorded Interviews
I-2 Written Statements by Students
1-3 Investigator's Field Notes



proviﬁcial comparative statistical data, such as
reliability,vtglidity, meéps, sténdard deviation; and item
analysis.. For reasons of security requested by the Student
Evaluation Branch, data on the achieﬁement test and the iteg
anal?ses.are-not reproduced in this study, and all cbpies-of
the test were returned to the Student Evaluation Branch.
Since the laborato&y strategy of this study emphasizes
~the development of the higher levels of cognitive
fUﬁfﬁioning in the cgncept,_attitude, énd scientific process
skill démains, if is impbfégnt to show to what-extent
students in this stuay were able to achieve in thé higher
categories of-ﬁloom's cognitive taxonomy (1956), Alghoughi‘
sﬁﬁdents in the ;tudy spent consideraBly less £ime learning
chemical ;onﬁept? in the ;onventionél manner, it was hoped
that students would not be a£ a disadvantage in content
aéhievement. 73
The categories in'Bloom's taxonomy (Bloom, 1956) in the
cqénitive-domain which are purportedly being tested by the
Chemistr& 30 Achievemént Test ate given in Table 3. These
specificétions include knowledgé, comprehgnsion,
application, analysis, and synthesis. lTﬁfrthree core unitg,
chemical-energeﬁics, acids-and bases, and

oxidation—reductién, are shown along with the number of

guestions included in each category of Bloom's taxonomy.

¢

o -
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TABLE 3

Test Item Distribution in the Chemistry 30 Achievement Test

ALCHEM Level's i1n Bloom's Cognitlve Taxonomy

Core Know- Compre-~ Appli~ Analy- Syn-' Total Percent

Con- ledge hension cation sis thesis Number = of

cepts : of Total
T ' Items

CHemical.Energeticé ~

1. EBach substance has a definite and characteristic heat
content or enthalpy. '

1 s 0 1 o . 6 - 9.2

2. Changes ‘in matter involve a cﬁange in’ energy
i 5 6 1 0 13 20.0

Acids and Bases
3. Acids and bases.can be deflned in different ways.
3 3 0 0 0 6 9.2

4. The relative acidity of a solution can be measured.
0 2 5 2 0 S 13.8

5. Acid-base reactions involve an exchange of electrons.
' 2 1 3. 0 0 6 9.2

Oxidation-Reduction :
6. Redox reactlons involve ran exchange of electrons.

1 3 0 2 0 6 9.2
7. 1In a redox reaction the electron loss and gain must
balance. » g
o 0 3 3 2 0 8 v 12.3

B. The electrical potent1a1 of a redox reaction can be
predxcted and measured,

1 0 3 1 1 6 9.2
9. Redox reactions involve electrical energy.
0 1 o1 3 0 5 7.7
Total Number of Items '
g, = 22 L2112 1 65
Percent of Total Examination _ )
" 13.8 33.8 32.3 18.5 1.5 100

.
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From Table 3 the topical distributions are seen to be

nearly egual. This distribution roughly approximates the

amount of instruction time suggested in the ALCHEM 30
materials and that which was used in the pilot and
experimental groups. ‘

From /Table 3, it can be seen that only 13.8% of the
questions are at the knowledge level (assuming accurate -
classification). This level.iﬁcludes the knowledge and.
recall of facts, :ulés‘and principles but not their
application.- In the hierarchy 6f levels, application,
analysis and synthesis are considered to be the more
difficult ones becaQse the méntal processing at this level
is more complex. There appears to be a deliberate-atteﬁpt
by the Student Evaluation Branch of Alberta Education to -
evaluate the higher levels of'the cbgnitive domain since({
over Sg%rof the questions are purported to be of the
application, analysis, and syntheéis spécifications.
Regarding the main purpose of this study, it is assumed that
students are therefore being evaluated at the higher levels

of the concept domain by the Chemistry 30 Achievement

-

. . t
Examination.

.. X . .
Processes of Science Test (POST). POST (Appendix F)

is a forty item multiple choice test. It was chosen as a

—

measuring instrument because no other standardized process

sk @K test was found 'to be as suitable for purposes of this

«



study. It was administered as a pre- and post-test to serve
-as an indicator of student érawth in the process of science.
This use is supported by the éredictive validity claimed for
the test (BSCS, 1965)}. |

POST was designed by the Biological Science Curriculum
Study (BSCS) to test a student's knowledge and understanding
of the methods of science. ‘Although it is based on biology
:afher than chemistry content, students in the study were
nof at a.diaadvantage because the biological background
reduired for  answering a question is given. The proceas
skills that POST measured are indicated in the "Key for
Procegges of Science Test" in Appendix F. It will be noted
that some of the items (20, 21, 22, 32, 34, 35, 39, 40) are
ndt on the process aspect of séientific inguiry. _ However,
they wereé not omitted when POST'Qas administered to the
students in the study. | ‘

Statistical data on student performance on POST are
based on the adm1n1strat10n of the test to about n1neteen
thousand tenth grade studentsiln the U.S.A. It was
estimated that they were slightly above average. A
split-half relzab111ty of 0.82 and a test-retest rellabllity
of 8.72 is reported (BSCS 1965} .

Revised Test on Scientific Attitude (TOSA) . Tosa was
chosen as the measuring instrument because no other =~

standardized test was found to be as suitable’ for purposes

¥
-
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of this study. It was administerd as a pre- and post-fest
to_measure change in the attitude domain. The revised TOSA
by Andruski, Kozlow and Nay (1981) was developed orﬁginally
by Kozlow and Nay (1976) and is based on the Nay and Crocker
"Inventory of the Affective Attributes of Scientisfs"_(1970)
"given in-Appendix'E. The attitudes measured. by TOSA are
objectivity, open-mindedness, honesty, suspended judgment
(restraint}, respect for evidence {(reliance on fact),
willingness to change opinions, critical,mindedness, and
questioning attitude (Kézlow, 1973, pp-38-39). TOéA is
divided into two'sub£ests: the cognition one_measured the
student's underétanding of how scientists behave
attitudinally while doing research, whereas the intent
subtest measured the iﬁtended attitudinal behavior or
fbehaﬁioral intent” relative to the defined science
situations. ‘

The Kozlow and Nay‘study {1976), indicated that the
cogn}tive and intent subtests did.not measure the same
characteristics. An undérstandiﬁg-of how scientists}behavé
wés not sufficient to "ensﬁre‘tﬁpt students wiil demonstrate
these‘characteristics in their own sciehcg work éf-in their
own eﬁery day situations. Téacher; must consider this
difference when planﬁing ciaésroom activities and’evaiuating

_student development™ (1973, pp 119-120),

»



Content validity of the substantive component is
claimed for TOSA on the basis ghat

the attitudes which the test is de51gned to measure
were selected from a list of affective attributes of
scientists; the behavioral specifications of these
attitudes were-selected on the basis of the
responses of a panel of judges; the content of the
items describe science-related situations; and the
content of the items is comparable with the ideas
expressed in a wide variety of science reading -
material. The validity of the keyed résponses has
been demonstrated by a panel of juﬂges (Kozlow and
Nay, 1976) :

Structural validity for the test was established on the

basis of factor analysis. The empirical structure

underly1ng the test item, as identified by a factor analysis

r’l

solution, correlated-highly (75%) with one predi&t@d—érom'a
behavioral definitién of the attitudes {Kozlow and Nay,
“1976). . ‘ |

The revised TOSA (Appendix G) was administered in 1980
to about 1200 students conéisting OEJ:oughiy equal numbers
of grade 10,.11 and 12 students taking_bjology, chemistry
reliability coefficient of 0.64 is repofted for the Qﬁole
test. The KR-20 correlation coefficients for the éognigion

and intent subtests are given as 0.53 and 0.43 respectively,

The correlatlon between the two subtests is O 41,

The key for TOSA is given. in Appendlx G. A panel of
seven judges provided the answers to the test items and to

the clagkification of these items intb the attitudes being

tested and into the sub-tests.

[ o



Laboratory Questionnaires. A separate guestionnaire

(Appendix M) was administered after eacﬁ laboratory
investigation iﬁcluding content, attitude Snd process skill
questions. The qqgstionnairés were designed by the
investigator and refined on the basis of:-use in tﬁe pilot
phase and reaction from 'Dr. Nay.. The quesfionnqires
proviagd descriptions of what/haﬁpens in inqu}rf—oriented
laboratory activity in terms of students' concerns,
difficulties, priorities, interactions, likes, dislikes, and
personal feelings about partidTpation in the laboratory
g . program, B . | 4 |
Since'this study is an attempt to discover the feelings
students have-forroperating at the higher levels of inquiry,
it is importaﬁt to determine attitudes and personal feelings
jpa— that spudents have for designing?and'seAUencing their own
experimental steps, tabﬁlétfng and oréeriﬁg their own
.}\Bg;ervations, and‘pfoceSsing and interpreting their owﬁ
data. Althéugh the questionnairé was used primarily to
gathe? data in the affective and process domains it was also

used in the concept domain to determine how well students

\Eggersfood-the principles exemplified in each-experiment. =«

Laboratory Reports. As was stated earlier students
-were-required to complete three reports for, each laboratory
\ exper1ment. De51gn Report (DR) Obsefvation'Report (OR), and

F;pal Report (FR) . The first two were . wrltten on forms

. - N
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provided. These reports were de51gned by the 1nvestlgator
for the-intitial pllot study in 1879-80 and refined durlng
the 1980-81 pilot phase. Tiey seemed well suited for the
purposes outlined above in’the sect}on on "The Teaching
Strategy". ' : o g fr .

The authent1c1t§/€f some of the student reports may

appear questlonable. For example, ‘there was no guarantee

that -the student‘ﬁ‘design report was indeed his own and not W
! g

-

copied‘frdh gomeone elsé.. However,-the oriéinalitf'of the

report was seen as a good indicator of authencity.

Furthermore, student cooperatlon was sought at the be%innlng

of the semester during the pllot phases and the main study ///‘\
with the result that few problems regardlng the authenticity
of-the design reports arose. ‘BeCause.of'the circumstances

under which the observation report had to /be completed the

v validity of this report was not aniissue. Although the

Eh)

student sought help from olassmates, -ALCHEM materlals and
3

library in proces®ing datd for. the F1na1 Report, he had to

».
use his own data. e \

\/Thé criterja used for evaluatlng the reports va/;fﬁf .‘;
from reportjto eport but generally one mark vas deducted
from a report for the omission of'any'of'the skills-listed
in the Criteria, for Evaluat1on of Reports (Appendlx J).
Each student received a copy of these crlterla at the

beglnnlng of the semeéter. "The .Desig J:f

St




Observation Report were marked on a scale of 0 to 5 while

‘the Finad Report was marked on a scale of 0 to 10. Usually

L3 .
the percent error or the student's deviation from\Ehe

accepted value is considered the important qriterion\for
evaluating'a'final laboratory report but in this study the

extent to which students achieved the purpOSe of the

experlment based on their design was regarded, to be of

greater importance,

The Informal Ihstruments

The informal instruments (tape recorded interviews,
written statements on the-duestionnaire and investigator's
field notes) provided data for the situational-

interpretative dimension of the analysis of inquiry _oriented

-

laboratory teathing. They were designed to uncover.personal

reactions to the program such as whether the laboratory
program was perceived by students to be worthwhile, whether

the program was appropriate to their concerns, and whether

e

they felt confident in learning chemistry by the approach

used.

P

Taped-Recorded Interviews. Only a small sample of

students.vwere interviewed because it is generally recognlzed

‘that‘}ntérv1ews in phenomenolqglcal research are tlme

consuming. After each laborAtory experiment two students,
randomly selected, were interviewed u51ng a tape recorder.

All of the students were 1nterv1ewed once but in rotation on



the basis of two students ‘per experiments. The sessions,
lasting approximately thirty'minutés, took place during the
noon hour, spare‘ﬁeriods, before and after school hours.
The first part of the interview consisted of quéstions on
how students felt about the strategy 6f the laboratory and
- what they liked and did not like about it. The second part
consisted of specific guestions related to the topic
investigated (Purpose), the pre~lab discussion, design,
observation and processing of data, laborator§ reports (DR,
OR, FR) and marking of reports.‘ The last part of the
interview.was related to how the students felt about théif
peers and the teacher. At the end of the interview'students_
were asked to eipresé their feelings on any facet of the
laboratory program. The interview gquestions along with thé
edited student responses are found in Appendix .L.

.

Written Statements. Additional qualitative data were

collected during the semester of the main study by means of
writteﬁ statements from students. The questionpaires
édminis;ered at the end of each laboratory experiment
provided space for written comments, and students were asked
to express their personal feelings and attitudes regarding
their participation in, or any facet of, the laboratory
program. Edited summaries of the'writfen comments are found

in Appendix N.



Investigator's Field Notes.‘_ During the main study

"the teacher (investigator) kept notes on student activities

and attitudes. The circumstances under which the statements

were made was also recorded. These notes, periodically
reviewed and condensed, were transferred to a Teacher's Lo

(Appendix N). After each laboratory session, not ere
made on student activities during the prelab discussibns,
the.laboratory work period and thg post-lab discussions.
The log 1s an attempt to understand the pérspectives of the
students while they are participating in the unigue

_activities of the laboratory program.

Summary of Chapter

In this chapter a theoretical framework for the design
of-tge.study was described. 1In order to investigate inquiry
learniﬁg and teaching in the chemistrf laboratory, students
and student actiéitiés were evaluated in three domains |
(concept, attitude and process skill) by several
data—gatﬁerinéginséruments. Five_formal-instfuments
(Chemistry 30 Achie?ehent Test, Processes of Science Test,
Revised Test on Scientific Attitudes; Laboratory

—~ T
Questionnaire, égd/ﬁgboratdry Reports) provided data for
both the empi /;al;analytic and situational-interpretative
dimensions., The first three instruments provided summative

evaluations while the last two provided formative

evaluations or evaluations in-progress. The. fifth
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instrument, the LébOratory Reports, in addition to providing

_data for this study provided continual feedback to the

I
’

~~

student about his progress in the use of the process skills.
The three informal instruments (Tape-recorded

Interviews, Written Statements, and Investigator's Field

3

inotes or Teacher's Log) provided data for the

!
1

situational-interpretative dimension. The first two

instruments were used by asking students specific questions

in the three domains while the Investigator's Field Notes

were periodic records‘kept on student activites and

attitude®. These three instruments provided the ned@ssary
data to determine the relevance and meaning which the

inquiry-oriented laboratory program had for the students

involved.

cx&\\
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CHAPTER 4

QUANTITATIVE RESULTS AND DISCUSSION

The guantitative data-which are part of the

% empirical-analytic paradigm of the present study are

‘presented and discussed in this chapter. 1In the concept
domain, the Chemistry 30 Achievement Test is the instrument
.used. The means from the pilot, experimental, and
‘provincial groups are compared for the reasons mentioned in
the last chapter. In the affective dbmain the Test of

Scientific Attitudes (TOSA) is the instrument used, and

~, statistical comparisons of'pretest and post-test results are

made to determine changes in the students' attitude behavior
(objectivity, openmindedness, guestioning attitude, etc.) as
a2 result of engaging in high level inquiry laboratory work. '
The Processes of Science Test (POST) and the Laboratory |
Reports are the gvaluative instruments in the process skill
domain. Pretest}and post-test results of POST are conipared
in order to measure changes in student behaviof regarding-
the processes of science (ability to evaluate structure of
experimental design, appraise data, recognize need for
controls, etc.). The ghantitative results including tﬁose
for the laboratory reports.afe compared by measuring the
degree of correlation between éairs of variables. The
correlations are measured to determine the strength and

80 '
v



direction of association between different pairs of
variables. -

Table 4 shows the médns and standard deviations for‘the
data from.all instruments. .These values are required for
the construction of most gf the tables in this chagger., In
this chapter the resultg from the guantitative data
instruments are discussed under each domain followed by a

discussion of ceorrelations between instrument results. Raw

data from the quantitative instruments are found in Appendix

0. -

Concept Domain

The concept domain was evaluated primarily by means of °
the Chemistry 30 Achievement Examination ,obtained from
Alberta Education. The performance of students from the
pilot study, main study and prqvincial group is indicated in
Table 5. The population of the provincial group, consisting
of 136 studentsf is made up of students who wrote the
provincial- Appeal E;aminatipns. The Student Evaluation
Branch claims that students who write the appeals form a
fepresentative sample of the entire province{‘ However,fdue
to the availability of scholarships and grants for honor

students, many students write appeal examinations because

they are trying to raise their marks into the honor category

(over 80%).



TABLE 4
Means, Ranges and Standard Deviations of the

L]
Quantitative Results

82

n = 20
.
‘Maximum
Instruments _ Possible Mean Range - S.D.
Score
10 - - 115.20 101-130. 8.4
.Chem 30 Test 65 43.60 33-55 6.1
Pre TOSA 40 24.05 19-33 3.4
. Post TOSA 40 25.10 " 20-38 2.9
Pre Process (POST) 40 31.40 20-38 4.4
Post Process (POST) 40 32.85 . 26-39 3.2
Laboratory Reports 100 76.45 52-93 10.23
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TABLE 5
Mean Scores on the Chemistry 30 Examination

for Pilot, Experimental and Provincial Groups

g

Pilot Study Experimental Provincial

Group Group - Group
Number of Students 18 ' 20 ' 136
10 . 116 . 115 *
Chemistry 30 | 45.8 43.6 - % 39,1

Examination

* Not available
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Because all three groups are non-random and small,and /'
because IQ scores were unavailable fosébhe provinciéi group,
‘a rigorous statistica; analysis of scores cannot be made.
However, students from the pilot and main studies did score
considerably higher than did students in the provincial ’
group. This was done in spite of having the pilot and
experimental groups.engage.in a teaching/learning strategy
which reguired spending considerably more time in the
labortory and other non-examination activities.

Table 6’shows the proportion of class time spent on
laboratory work by students in the experimental and in a _
conventional ALCHEM 30 classroom. This was estimated by the
investigator who taught ALCHEM 30 using both approaches.
Table 6 indicates- that students in the experiméntal study

. . {
spent over eight hours more time.in the classroom and over

fourteen hours more homework time on laboratory related

o~

activities. These students also spent over five more hours

in the laboratory performing four additional experiments.

e | Attitude Domain
-/ The Test of Scientific Attitude was used to measure
| student growth in the intent aﬁd_cognition aspects of
scientific, attitudes és defined by Nay and Crocker (1970)
and Kozlow (1973). Table 7 presents the results ef analysis
of variance with repeated measures for tﬁe pre-and post-test

data for the experimental group. This analysis shows that

&
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. | . 'TABLE 6

Estimated Time Spent by Students in Léboratory Related Work

~
-

Activities *Time *Time
Units by Units by
ALCHEM Experiment-

Group al Group

Outline for year's lab work. (class time) 1 2
Inventory of Process Skills (class time) 0 2
Safety and Efficiency in lab.(plass time) 1 1

Lab L1: a. Prelab discussion (class time) 1 ‘2 |
b. Writing DR and OR (homework) 0 3
c. Writing FR . (homework) 3 3
d. Post ‘lab discussion (class time) 1 2
Lab L2 , | _ 5 10
Leb L3 . o~ - | 0 .' 10

Lab M1 5 9 :
Lab M2 | | 5 10

Lab M3 ; i} 6 e
Lab M4 . o 10
Lab N1 ' ‘ 5 9
Lab N2 6 ~6
Lab N3 | o - 6
‘Lab N4 : 0 8
Total classroom time in units 18 .43
Total homework time in units 21 64

Total time in hours 13 35.7

* Each time unit represents a 20 minute pericd



>
TABLE 7

Analysis of Variance Summary for Pre-test and Post-test

Results for the Test of Scientific Attitudes, TOSA#*

5.S. D.F. M.S. F-RATIO PROBABILITY
TOSA |
Effects 11.02 1. 11.025 2.510 0.130
Errors 83.473 19.  4.393
;q_

* Results were cémputed_using 5PSS Batch System,
University of Alberta Computing Services.
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although the post-test meéns for'ﬁpe attitude test is higher

than the pretest, the difference i@ the means is not

sighificant. Hence, it can ‘be -irfferred that involvement in

¥

inguiry-oriénted laboratory work has no significant effect

-

on sFﬁdent performance on the cognition and intent aspects
s . '
of scientific attitude. It should be noted that the TOSA

results obtained in the main study are at variance with

1

those obtained in the pilot sutdy where a significant gain
was reported {see Table 1).
The TdSA results are perhaps not surprising. The

inguiry-oriented laboratory program was not directed

primarily toward improving student performance in either the

[

cognition or intent components of scientific attitudes.

When a decision was made to use TOSA it was assumed that an
) -

__ o/ indirect influence would be present. This assumptibn was
E _ :

not supported by the résults. ‘The students performed well
on.thg tést relative fo other reference gfoups, Lut did not
do well 4in absdlufe terms (see'Tab}e 4). ' Students used
their.knowledge of the cognition component of how attitudes
‘operate in séientific work which they accumulated from
various seurces during their yeérs of schooling. ALCHEM 30
includes very little that would enhance this knowledge. The
intent cémpohent 6f TOSA gets at a more subtle dimension of

scientific attitude. The results suggest that before

reaching Grade 12 students already are aware of the kind. of
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responses expected in situations‘in§olving-éxpressions of
sciehtific‘attitudes.- Apparently neither the ALCHEM 30 'B
course nor the revised laboratory compdnent_inélpded
sufficient, number of situations.of the type that mi@ht have
the impact required by fhe items in the-intent subtest. The
inquiry—oriented laboratory'prqq}am miéht have an effect on
the action component of scientific attitudes, but TOSA was
..not designed to ‘measure this. Some evidence for the
operation (action) of scientific attitudes may be found in
tﬁe-qualitative data to be discussed in the next chapter.

The Process Domain

Student competence in the processes of scientific
inqugry as defined by Nay et al (Appendix C) waé measured by
means of the Processes of Science Test (POST) and the
Laboratory Reports,

The Processes of Science Test Results

POST was designed to meaéufe student competgnce in a
variety of process skills as indicated in the "Key for
Processes of Science Test" in Apendix F. Table 8 presents
the results of analysis éf variance with repeated measures
for the pretest and post-test data for the experimental
group. The results of the analysis show that the difference
in the means for POST is significant at the 0.05 ievel. /The
probability that the difference in the means could hav%f

occurred by chance is less than 0.05. Hence it can bej
C , : o
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TABLE 8
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“Analysis of Variance Summary for Pre-test and Post-test

Results for Processes of Science.Test, POSTx*
. ' . ’
S.S. D.F. M.S. F-RATIO PROBABILITY
POST .
Effects 21.025 1. 21.025 4,729 0.042
Errors

84.477 19. 4,446

* Results were computed using SPSS Batch System,
University of Alberta Computing Services.

O .
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inferred that inguiry-oriented laboratory work based on
utilization of scientific process skills does ‘have a
significant effect in improving student competence in the
précéss domain.

Laboratory Report Results

As was explained earlier, three repor%& were reqguried
for a laboratory experiment. The means for each student's
Design Report, Obse§§§tion Report and Final Report are given

in Appendix 0. Table 9 shows the class megns for every

experiment for each of the three reports. The mean level of

perforﬂance 1s approximately 80% on.each report, which
indicates Ehét stiidents met the inguiry objectives (based on
procegs skill acquistion and utilization) of thé laboratory
program to a high degree. The non-quantitative aspects of

laboratory reporting will be discussed in the next chapter.

Correlation of Results from Quantitative Instruments

The éata in Table 10 show the fesults of calculatio;s s
of Pearson Product Moment Correlations and the,probabilities'
that they are zero between pairs of quantitativé
instruments., One interpretation for aihigh correlation
among -selected instruments is that they are probably
measuring student development in the same domain. The POST
instruﬁent is indicated as "processﬂ instrument so as to

avoid the use of the label "post-POST."



- | TABLE 9 o \
Class Means for Design, Observation, and Final Reports

for Each Laboratory Experiment '

LAB DR OR  FR
(5 points) (5 points) (10 points)

L1 2.9 ‘ 3.7 7.1
L2 © 3.5 4.2 7.0
L3 3.2 ‘ 4,0 7.3
M1 4.4 -4§Q§ 7.4
M2 4.8 4.3 . 7.2
M3 3.8 3.6 7.6
M4 4.0 3.9 7.7
N1 3.3 3.7 7.3
N2 3.8 3.9 8.0
N3 . 4.4 4.3 7.5

_N& - ‘ 4.4 4.6 7.7
X 3.9 4.0 7.4
X,percent’ 78 80 74

<
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TABLE 10

Correlations Between Quantitative Instrument Measures
a ' .

and Associated Probabilities that r=o

I1IQ CHEM 30 Pre Post Pre ~ Post Lab
- TOSA TOSA Process Process Reports

1.00 0.44 - 0.519 0.69 0.791 0.76 0.46

IQ
(0.026)(0.010) (0.000)(0.000) (0.000) (0.024)
CHEM 30 . . 1.00 0.15  0.47 0.37  0.41 0.36
- (0.527) (0.035)(0.109) (0.072) (0.121%1)
Pre TOSA ' 1,00 0.60 0.46 0.30 0.17
o - (0.006)(0.040) (0.206) (0.474)
B N
Post TOSA . 1.00 0.65 . 0.50 0.33
( . (0.,002) (0.026) (0.155)
. ' ‘ — N ~
Pre Process / | : 1.00 0.76 0.69 -
L ' (0.000) (0.001)
A . , .
Post Process ' 1.00 0.66
: ‘ (0.002)
Lab Reports ' . 1.00
a. qubdbilities that correlations are zero are given
in parentheses below each correlation. (The number
of degrees of freedom associated with each correlation
equals 18) - :
b. Processes of Science Test
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The 1.Q. results correlate rather highly with those

o

from all of the other medsures‘(eicluding the Lab Reports),
and all of the brobabilities are beiow 0.05. This result is
to be e;pected. The Chémistry 30 results do not correlate
too well gith the TOSA, POST or Lab Report results. Four of
the five probabilities involved are greater than 0.05. This
low correlat&on is also to be expected'sincé the focus in
the Chemigtry 30 is totally in thé conéeptual domain of
chemistry learning. A |

.The TOSA results do.not correlate highly with any of
the measuressexcept I1.Q. and the post-process with th;
post-TOSA resultg. The associated probabilities in these
instances are below the 0.05 level of confidence.
Generally, these results are to be expected since TOSA
measures student performaﬁce in a dbmain different from that
measured by other ingtruments. The rather highacorrelatiqn
between the post-TOSA and post-pfocess measures is rather
surprising; although, this may be an indirect conseguence of
the significantly improQéd performance in process skill
resulting from the inquiry-oriented laboratory program.
Many of the TOSA items also involve proééés skills.

As was expected, the laboratory report results
correlate relatively strongly at a‘high 1e6€i of confidence

with the process (POST) test results, indicatihg perhaps

that both of these instruments give a valid measure of the
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scientific process skills that students were engaged with in
the laboratory. The coefficient of correlations obtained
for the relation between these two.instruments'(r = 0.7) may
possibly be even higher for two reasons: (1) aAccording to
statistical theory (ﬁopkins aﬁd Glass, 1978, p. 139) the
greater the variability among observatfons{ the greater the
coefficient of correlation. From Table 4 variances_of_both
tests are relatively low, indicating a restricted
correlation. (2) Another factor which can reduce the value
of the'coefficient is the measuremént error. Measurement
error on either test "can greatly reduce the value of the
observed r" (Hopkins and Glass; 1978, p. 138). Although‘the'
measurement error for POST is perhaps as small as for most
instruments in the behavioral sciences, measurements made iq
the Laboratory Reports are largely subjective and are,
therefore, suspect. Both arguments above tend to make the

r, already relatively high, even higher.
. +

Summary of Quantitative Results
Students in this study, in spite of sﬁending
cbnsiderably;more time in the laboratory and in laboratory
relateé ae;ivities than students do in a regular ALCHEM 30
curriculum, Qere able to sucﬁessfully cdmpete in the
Chemistry 30 Aghievement Test, .an examinétion which purporfs

to, test objectives at a higher level of cognitive

functioning. Although the provincial mean(39.1) is



considerably lower than both the pilot’'(45.5) and the
experimental group meéns (43.6), no claim can be made for
statistical significance since the groups could’ﬁs?\ﬁe
equated for intelligence. \>
In the affective domain pupils did no£ show any
significant increase in performance on the Test of
'g " Scientific Attitudes {(TOSA)}, although the post-test means

were higher than the pretest. .

In the process skill domain the stuéents showed
sighificant gaiﬁs as a result of the experimentai'program.
The results of the analysis of variance showed that pupilé

cof this study were able to score significantly higher at the
end of the school yeér than at the beginning of the‘year.onq 2
the Processes of Science Test (POST). High correlations
between the POST results and the marks for the laborafory
reporta.are also supportive of the claim for student gains
in the proéess domain.

Assessing the three domains in the empirical-analytic
paradigm with regards to the purpose of this study (Chapter
1), the evidence shows that students were able to attain the
majority of objectives in the concépt (higher level) and
écientific process s$111 domains but not in the attitude

domain. The overall evidence 'is significant but not

overwhelming.

P



. ' QHAPTER 5

| QUALITATIVE RESULTS AND DISCUSSION

‘ | | .

In this chapter the qualitative data of this sfudy are
reported. These data were collected by means of iaboratory-
questionnairés, written statements, taped interviews,
laboragﬁry reports, and teacher's log. All data from.thESe
instruments are found in theoappendices, but in this chapter
only selected data are repofted. The data are presented in
anaintegrated mannerl and key issues relevant to the
laboratory and the i}quiry mode of learning are identified.
These issues are reported under the concept, process, and
attitude domains and foliow the discussion on the

instruments that were used to collect the data.

Summary of Qualitative Results

Laborator& Questionnaires

In the Laboratory Questionnaires, which were
administered within two to three‘days after every
experiment, students were asked pertinent questions about
concepts and principles, the process skills, and abbpt their
feglings on the laboratory program. The stateménts on the
questionnairés (not the responses) are found iﬁ Appendix H.
The questionnaires, made up of Likert type statements,

required students to respond by indicting whether they (a)

strongly agree, (B) agree, (C)lare] neutral, (D) disagree,
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or (E) strongly disagree with the statements.: With 20
students responaing to 10 questions on 11 experiments, over
2000 responses'were recorded. These rééponses are reported
as-percenté and are found. in Appendix 1 and summarized in
Table 11.“

As previousl&ﬁmentioned, there -are questions in each
domain. Approximately 13% are concept domain guestions, 54%
are process-apd 33% arg_attitude. Slightly more than half
of the quesﬁ;ons;are in the process domain Becquse the study
is about inquiry teach;ng in the lahoratory based on @rocess
skills. Several guestions, however, have been classified in
more than one doﬁain, and these domains‘are idéntified in
Appendi% I by the abbreviations Ct, Pr, and At for cqncebt,
process and attitude domains respectively. For the sake of
managéability all questions were not asked on every
guestionnaire. Concept, process skill and attitude -
questions were randomly selected and assigned to a random
sample of laboratory questionnaires,

In Tablé 11, saiécted statements from all the
questionnaires have been grouped under the three domains.

In the qonceptldomain students were asked to comment on two
specific statementé concerning understanding the main
background concept of the experiment andg whéther

difficulties were encountered gﬁth calculations. These

guestions were asked for two reasons: (a) to find out how
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TABLE 11

Grouping of Laboratory Questionnaire Statements

“in Each Domain

o

DOMAIN

QUESTIONNAIRE STATEMENTS (LABS)

Concept

Process

Attitude

1 did not understand the main: background concept
(L1-3, M1-3,M&;N1~ 2)

I had dlfflCUltles with calculations or with

questions in the interpretationé (L1,M1,N3)

1.

2.

1 had difficulty with the Design Report.({(L1-3,
Mi-2,M4,N1~-4)

I had difficult} with the Observation Report,;
(L1-3,M1-4,N1,N3)

1 had difficulty with the Final Report.(L2,M3-4,
N1-3)

More guidance should have been provided.(L1-3,
M1-4,N1-4)

I had trouble performing [parts of] the
experiment. (L2 ,M2-4,N1-2) . «

Instructions in laboratory manual were clear.
(L1-2,N1)

I believe I can improve my design and technlque
(L2) - .

I felt confident about my determination.(L3,N3,
N4)-

I believe my process skills have‘improved.(Nz,
N3,N4}

I found the experiment challenging(L3,M1-4,N2-4).
I found this experiment interesting.(M1—4)

I would like more experiments in this unit.(L3,
M2,N1)

(.
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TABLE 11 (Cont'd)

DOMAIN

QUESTIONNAIRE STATEMENTS ' (LABS)

T
"~

.1 would like to do this experiment again.(L?,NZj

This experiment was not very exciting at the
grade twelve level.(L3)

1 prefef ‘doing laboratory experiments of this

‘type rather than designing my own experlmental
.steps. (M3)

1 would prefer an experiment which has a
determination or the answer given,(M4)

I was generally disappointed in my data.(M4)

1 was genérally pleased with my work in the lab
this year.(N4) ‘
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weil students pnderstéod the concepts inyolﬁed in the
experimentﬁ (b) to;determine 1f there were any changes
(trendé, patterns or growth) in content achieveme;t during
the semester. Statements from the process and attitude

domains have been similarily grouped.

Written Statements

At the end of each laboratory questionnaire space was
provided for students to make written comments. The
x

directive appearing at the end of every questionnaire is

repeated here.
Please comment about any part of the questionnaire
or any phase of the experiment., Your attitude and
personal feelings regarding your participation in
the laboratory program are of particular interest.
Please use the back of this page if more space is
needed, . : .
In addition to the above, students were reminded, with_each
guestionnaire, to please include written comments. Students
. “
were also reminded that they were part of this study and
that their contributions were necessary. During the pilot
study students responded well only to the first few
laboratory questionnaires, so, in the main study it was
decided to encourage students to make -written statements by
asking them "to explain further“;on some guestions. These
comments are referred to as solicited written comments.
Over two hundred written statements on all phaSes of the

experimental prograﬁ including attitudes and persocnal

feelihgs are recorded. The majority of the written comments
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areicertainly Bpna fide; but, ﬁo doubt} some studentg had
ljttie-to comment about of may .not have felt very stfongly
about parts of the laboratory program and made thereby only
token_cohtribdtions. One can ?nly try to find a generai
pattern of behavior. A summarized edited list of all
written cbmments_are found in Appendix M. Selected grdups
" of written comments are found in Tables 13, i4, 25, 31 and
are discussed. later in the chapter.

Taped Interviews

Two students, randomly selected, were interviewed'aftef
each laboratory investigation. These interview- sessions
were tépe-recorded and each interview lasted approximately
thirty minutes. The guestions below are those which formed
the structured section of the interview. Depending on how
students answered the guestions, other more in-depth

guestions were asked.

1. How do you feel about this laboratory investigation?
What did you like about it? What features? Why?
., What did you not care about this investigation?'

2. Tell me about your thoughts- and feellngs on the
following:

(a) the topic 1nve5t1gated. Did you understand the
purpose?

(b) prelab discussions? Were they adequate?
Why? (if not)

(c) design and observation; processing and
interpreting data.

(d) laboratory reports (DR, OR, FR). How do you feel
about writing three reports rather than only one?

(e} marking reports.

(£) your peers? The teacher? What effect did your .

classmates and the teacher have on the classroom

e
£
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setting?

3. How can the laboratory program be improved?

Student responses to the questions on the Taped Interview
for each laboratory experiment are found in Appendix ﬁ.
Compiled.results to all responses are included and analyzed
later in the chapter.

Laboratory Reports

o

Although the final marks-of the Laboratory Reports were

compared with thé other quantitative'instruments in Chapter
4, the reports have components which need to be investigatéd
in the situational-interpretative paradigm. The reports
contain evidence that sfudepts exhibited scientifc attitudes

which were previously identified in An Inventory of the

Affective Attributes of Scientists (Nay and Crocker, 1970}.

These findings are discussed along with results from the
other qualitative instruments.

Teacher's Log

During the Pilot and Main_studies records were -kept nﬁt
onlf o{\trials, innovations and changes but also of the
teacher's feelings, attitudes and interpretations regarding
stuaent acfivites in the chehistry laboratory. As mentioned
earlier in Chapter 3 (Experimental Design), field notes of
relevanthctivities, expressions and behaviors were

; )

periodically reviewed, condensed and transferred to the

Teacher's (Investigator’'s) Log. In the assessment of the



-7
Jd ‘

laboratory program the Teacher's Log supplements the other
qualitative instruments. Appendix N contains excerpts of
some” of the more salient notes which were.included in the

Log. T

Analysis of Quaiitative Data

The discussions which follow show to what degree

.students, subjected.to the unstructured laboratory

/ﬂ’
_ 4
experiences of this study, attain objectives in the iLJ

conceptual, process skill and attitude domains.

Concept Domain . ;

’

Results of Laboratory Questionnaires. Although the

concept domain is treated principally by the

empirical-analytic paradigm, there are two questions dealing

‘with this domain in the Laboratory Questionnaires., .0On the

first, students Qere asked if they understood the main

background concept on every laboratory questionnaire except

those for Labs M2, N3 and N&. Student responses, found in
Appendix I, aré summarized in Table 12. The percentages in
the table indicate that students believed they understood
the main background concekpt in the majority of experiments,
Approximately 76% stated they understoocd all concepts, while
13% said»thgy‘did not and 11% were neutral. Oﬁ the second

question dealing with having difficulties with the

calculations students were queried about their difficulties

on Lab L1, M1 and N3. Using data from Appendix I, student
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e

Summary of Questionnaire Results

Dealing With Understanding Main Background Concepts

Lab Question Percent Who Percent Who Did Percent Who
No. No. Understood Not Understand Were Neutral
L1 1 65 25 10
L2 2 65 20 15
L3 1 85 0 15
.
M1 1 95 5 0
M3 7 60 30 10
M4 2 95 0 5
N1 4 65 " 20 15
3
N2 1 75 5 20
X 76 13 11
S 13.3 11.7 4.3
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views are summarized in Table 13. The summary shows that
students were nearly splip'on the issue: 38% had difficulty
with the calculations, 42% did not, and 20% were pgutral.

In order to fihd explanations fJr the difficulties
encountered by students in Labs L1, M1 and N3 thé'Teacher‘s
Log, theAWritten Commehts, ;he Interviews, and the |
Laboratory Reports were searched. Lab L1 was the first lab
.0f the year and the calculations were a bit overwhelming for
most students to perform largely.on-their own for the first
time. Regarding Lab M1, a possible clue is found in the
Teacher's Log (See Appendix N, Lab M1). The interpretation
section of Lab M1 required students to arrange the oxidi;ing
agents (0.A.) and reduciﬁg agents (R.A.) in a table of their
own design so that their table could be used to "predict"”
sé:}taneous react;ons. - This task was not perceived by the
majority of students and only a few were able to suggest a
table dr a workable scheme. When it was pointed out during
the post-lab discﬁssions that the O0.A. in a spontaneous
reaction is always higher in the table than thé R.A. many
students said they did not be}ieve they could have |
discovered that "rule". Thisfﬁmportant process skill
(Conceptualization of Data)(dgs nevertheless discovered by a
few students, although their schemes were somewhat

-ébmplicated.

'\EP‘



Summary of Questionnaire Results

TABLE

13

2 .
Dealing With Having Difficulties With Calculations

or With Interpretation Questions

Lab Question Percent Percent Who Percent Who
No. No, Who Had Did Not Have  Were Neutral
Difficulties Difficulties - '
L1 10 40 45 15
M1 7 10 65 © 25
N3 8 €65 15 20
X 38 42 20.
S 23 21 4
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The_difficqlties encountered in' Lab Nﬁ were mentioned
by several students in the Written Comment section., 1In
order to calculate the copcentrat&on of the ammonia in Lab
N3 sfudents had to use results from the previous lab (Lab
N2). This fact appears to be the main reason why students
felt fheir calculations were guestionable. As one student
wrot;e '

This lab was not very difficult...reéults however
depended on Lab N2...not very confident about

the results
This comment was also expressed by 40% of the.class. (See
Writtén Coﬁments, Lab N3 in Appehdix M.) |

In the student laboratory manual under the
intefpretatiop section of Lab N3, students were asked to

determine the concentration of ammonia; and they had to

answer all the guestions on page N52 of the manual. (See

~

Appendix B, Lab N3). On Lab N3 Questionnaire, Number 8,
students were required to comment on the following: "I found
many of the guestions on page N52 difficult." Table 13

shows that 65% of students said they had difficulties.

Unlike Lab L1 and Lab M1, in which some guidance had been

£

pravided since these were the first experiments in each

il

unit, Lab N3 provided no directions for processing data.
 Furthermore, thegALCHEM 30 guestions on page N52 are
difficult. 1In one of the qdestions'students were asked to?

determine "the [OH"] and the pH for the household ammonia



used to prepare the ammonia solution for this lab". This _
involves not only calculating the hydrolysis of a weak base
but‘calcuiating the concentration of the original solution
used to produce this result. Another of the ALCHEM 30
guestions asked students to use collision theory to ékplain
a polyproti% reaction. Although this -question is related to

titrations it has little to do with the purpose of Lab N3,

{

Resulﬁs of *Written SOmments. The concept domain
guestions deal with (i) undgrstanding the méin background
concept and (ii) having difficuities'with the calculations
inlthé labora%orx experiments. - Tﬁe :esults for both of
these questio%s-ate found in Tables 14 and 15. At total of
approximately 70 written comments ;ere made by students on
the issue of understanding the main background concept {(See
Appendix M). This number of written comments is surprising
because sfudeﬁis are.generally reluctant to make written
statements. Furthermore, the issue was mentioned by
studeﬁts on eight of the eleven guestionnaires {See Table
14)., The issue was no doubt an important one for students,
and they felt they should comment upon it.

The results depictéd in Table 14 indicafe that more

students understood the main backgrou o

fbt than the
number who stated they were confused about the main concept.
Since actual written affirmations are perhaps more

significant than merely stating percents, a few
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TABLE 14

Results of Student Written Comments Dealing

With Understanding The Main Backgrbund Concept

of the Laboratory Experiments

L

Lab No.|Percent of Class Percent of Class Percent of Class
Who Responded (Responses) Who ., Who Did Not
Understood Main Understand
Concept
Unit L e
L1 50 1@@ 40
L2 20" 15 ' . 5
L3 70 65 5
Unit M
M1 35 20 15
M2 35 15 20
M3 5 5 0
M4 - 25 20 5
Unit N :
= » A
N1 60 30 . 30
N2 25 10 ' 15
N3 10 10 0
e
N4 0 0 0
_ &
X 30 18 ' 12 '
21 17 . - 13
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Analysis of Written Comments Dealing With

Having Difficulties With the Calculations

in the Laboratory Experiments

Lab No. Percent of Class Who " Percent of Class Who
Did Not Have Difficulties Did Have Difficulties
Unit L
LT - _ 10 35
L2 10 15
L3 ' 5 5
Unit M
M1
M2 .
M3 10 ©:30
M4 :
Unit N
N1 o
N2 ‘ ' 15 10
N3 * *
N4
Possible Responses 100 - 100
Mean Percent of ’
Possible Responses 10 19

* Although Lab N3 required calculations to arrive at
the ammonia concentration, no one admitted in the
_ Written Comments ‘to encountering difficulties with

calculations.
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representative quotes are listed below. All written

comments are in Appendlx M.

This experlment was not too dlfflcult but it
expressed much of the principle behind molar heat
and was easy to understand. The experiment helped
[me] understand molal heat. '

.I would like to re-do the experiment on...[Lab

L2] not because I don't understand the principle but
because I'd like to better my results.’

I felt more confident in doing this experiment
because I knew what I was doing and why I was doing

it. I learned this from the other labs.

Comparing the overall results of the Questionnaire and
the Written comments, on botﬁ issqgg it appears that
students genérally understood theAﬁain background‘concepts;
but on a sample of nearly half the experiments about 20% of
the total possible responses in the Written Comments showed
that students had difficulties with the calculations (Table
15}). ©On the Questionnaires, the results of the second
question, as previously reported on T;ble 13, showed that,

38% had difficulties with the calculations.

Results of Taped Interviews. Table 16 is a summary of

student responses of taped interviews taken from Appendix L
on Question 2a: \ .

"Did you understand‘th; purpose of the experiment?”
In Table 15 each student response is separated by a double
solidus.

Very few students gave negative opinions to Question

2(a). 1Indeed, of all students who answered the question



-

112

-~ . TABLE 16

Edited Responses

4

To Taped Interview Question in the Concept Domain

Questions

L
a
b

.Edited Responses

Did you understang
the purpose of

this experiment?

L1

L2

L3

M1

M2

M3

M4

N1

N2

A# first I didn't know.....Yes, I know
now//Purpose was clear. Interesting.

Kind of interesting...//I didn't see
anything practical. Purpose was
understood.

I guess it is interesting to...//It
didn't seem too interesting at
first--4fust ice. .

1 had trouble understanding what table
we were to dlscover//l understood the
purpose.

I understood the purpose., It was
interesting not knowing the species//
Purpose.-was: good and I can see the
purpose for the table too.

Yes//Yes, you had to be correct with
the primary. ‘

Yes,...the emf's could be verlfled
experimentally.

Yes, the purpose was to illustrate
everything we studied about redox
reactions actually happens; and
within certain limitation it did//
Yes. Interesting because my
predictions and observations were not
always the same.

The purpose was straight forward but
difficult...interesting//A good
experiment...it took a lot of skills.
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, TABLE 16- (Cont'd)

([

Questions Edited Responses

oo

N31Good, except I was worried about s)
applying my results...//Yes, but thi
lab more complex [than N2].-

more interesting and challenging.

N4 |Somewhat vague but the prediction was

1

* Of the 20 responses,_14 understood the purpose, .2 did
not, and 4 were not applicable to the guestion.

The double solidus separates each student's comments.

[
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only 13% said they did not understand the purpose of the
experiments. Regarding the issue of "having trouble with
calculations," this guestion was not asked directly in the
interviews; however,.Questidn 2 (c), processing and
interpre;ing data, produced three comments about having
difficﬁlties with calculations:

"...had correct calculations after all." (Lab i2)
I think we all find calculations difficult.” (Lab
L3} ‘

"The calculations were difficult until 1 caught on.™
(Lab M3) .
Since these comments were not solicited during the

interviews, they must be considered as significant.

‘ﬁesults of Laboratery Reports. Laboratory repo}ts
also measure the student's ability to understand the
backgrouﬁd concept‘of the experiment; otherwise, how can the '
student know what design to create or what data to collect
and‘prpcess? “From Table 9 the overall class means for the
DR's show a grade of 78%. In addition, the table shows that
the class means for the DR, with few exceptions, are
increasing within_each-of the three units (Units L, M, and
N}. This increase toock place'in spite of less guidance by
the teacher and the lapboratory manual. Furthermore, with
the exception of Lab M2, the laboratory invesFigations were
increasing in‘difficulty & the year progressed. ~Lab M2 had
a more diffiﬁult interpretation but the design was very -

similar to the one in the Lab M1. This issue is discussed



further under the ﬁrocess-domain.
Wi;g\regards t@ "having trouble with calculations," the
final reports (ER)‘show which studéﬁts processed their data
correctly, but tﬁere is, of course, né guarantée that
students who processed their data correctly had indeed done
so without outside help. Table 17 shows the percent of
students who made calculation errors in concept for'each
’Qiperiﬁent_which reguired calculatiéhs;. Regarding the six
_experiménts which required calculafions,;the table shows
tﬂat 26% of the class made an error in concept in the
calculaﬁions. The high percent error made in Lab L2 was a
result of students failing to take into consideration that
the energy changes involved not only a phase change but also
“

a kinetic change.
4

Results.of Teacher's Lob. " The Teacher's Log in

Appendix.N haé little to contribute rega}ding'the two issues
ip the concept domain. As reported earlier, the Teacﬁef's
Log shows that for‘the first few labs at the beginning of
the semester students were seeﬁ&ng help with calculations
and with the interpretation section of the Final Report.’

Realizing that help was not forthcoming from the teacher,
students fell to their own resources for the re&aining

experiments. Before students were-permitted to go to the
work bench the DR 'had to be completed and handed into .the

teacher, With the &xception of Lab L1, the first experiment
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Results of Léboratory Report Calculation Errors in Concept

L

Experiments Which’
Required Calculations

Percent of Class Who Class

Made Concept Error Means

in Calculations on FR
Lab L1: Molar Heat-of a Chemical Change 20 7.1
Lab LZ2: Molar Heat pf Vaporization 60 7.0
Lab L3: Molar Heat of aibhase Change 25 7.3
Lab M3: Redox Titration 20 7.6
Lab N2: StandardizationwTitration 15 8.0
Lab N3: Titration-- NH, 15 7.5
X 26 7.4
S 16 0.3
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of 'the year, students were more apprehensive of what the

format of the design should be rather than with the design

*
itself or with problems in the background concept. 1In Lab

~ L2 (Heag of Vaporization) desigqf were changed by many
[ !
) . :

j students but these ‘changes were trial and error attempts to

~

improve results and not about understanding the main ° ;///

\\\ concept. £S Lab N4 (Common Ion Effect) the main backround

" concept was the problem to be discovered.

" Summary of‘Concept-Domain Results. The results from
the LaboratorylQuestionnaires, the Written Comments, the
Taped Ihterviews,‘the Laboratory Reports, and the Teacher's
! Log suggest that students had few problems understanding the
/ main background concept or-the purpose of the experiments,
; but a significant number of students stated that they found
difficulties with calculations.. In the next section data in
‘the Process Skill Domain are summarized and:d}scussed and
the issue of difficulty.with calcuiations is discussed

. Ga;
. . TN

further. I

-

Process Skill Domain ‘ Co

e

Tﬁe design of this stﬁdy reguired that the student
‘engage+in many more process skills in the laboratory than

the number required by student?’f;ITOWing a regular ALCHEM

A
30 program., Table 2, shows a comparison. bf the number of

= process skills required and the number initiated by students
. . \ .
~Jfor’ each experiment. The students in th}s study purportedly
- . A
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I

engaged in a high level of’inquiFy learning, but the'key
issues.in this.chapter will be (a) whether students are
performing the process skills succéssfﬁlly'at a higher
level, and (b) whethﬁ; students perceive their process
skills as improving.‘ All the instruments in.khe
situational—inférpretative paradigm are used to determine
the manner and extent to which students attain the

objectives in the scientific process skill domain.

Results From Laboratory Questionnaires. In this’

section the following questionnaire statements are

" considered:

1. I had difficulty with the Design Report (DR)

2. 1 had difficulty with the Observation Report (OR)

3. I had difficulty with the Final Report (FR)

f. More quidance should have been provided by the
teacher during the experiment

5. I had trouble performing this experiment

6 The instructions in the laboratory manual were
clear ‘ ‘ .

7. I believe I can improve my design and technique
in. order to minimize the percent error

B. I felt confident about my determination

8. I believe my process skills have improved

\ ' .
,Since more data have been collected from the Laboratory

Questonnaires than any other instrument, these will be’
reponggﬁ in greater detail. Tables 18, 19; and 20, dealing
with the first threé Questionnaire Statements above, show
clearly that students.did not perceive the tasks of
completing the threelreports to be beyond them, 'The over

all weighted means of the responses for the three reports
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* . TABLE 18
" Summary of Questionnaire ResUlts‘
Dealing with Statement No., 1

"I had difficulty with design report”

-

Lab Question Percent Who . Percent Who Percent Who
No. No. Had Difficulty Did Not Were Neutral
- Have Difficulty '
L1 6 ‘ 25 55 20
L2 B 20 , 75 5
L3 4 ot 95. ; 0
M1 2" 15 B0 - 5
M2 3 5 80 - 15-
M3 3 15 ° 80 .5
M4 5 5 | 65 > 30
N1 2 15 75 : 10
N2x* - - ' - -
N3 2 25 65 10
N4 3 5 ' 90 ~ 5
X 13.5 76 | 10.5
S 8 11 9

.

* The procedural steps {design) were given in the
laboratory manual for Lab N2,

~
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TABLE 19
Summary of Questionnaire Results ,
Dealing With Statement No. 2
“I.had difficulty with observation report”
Lab Question Percent Who Percent Who Percent Who
No. No. Had Difficulty Did Not " Were Neutral
Have Difficulty
L1 8 60 25
L2 L6 60 20.
L3 5 90 19
~t
6 95 wé0
M1 4 85 : 10
5 15 .. 70 15
M2 ' 15 | 70 15
5 25 65 10
M3 4 ' 20 60 20
M4 6 0 ' 80 20
N1 6 5 75 20
N3 3 10 85 | 5
X 11 75 , 14
'S : B 12 7
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TABLE 20
ISummary of Questionnaire Results
Dealing With Statement No. 3

"1 had diffidult; with final report"”

Lab Question Percent Who Percent Who Percent Who
No. No. Had Difficulty Did Not Were Neutral
~ ‘ . Have Difficulty’
L2 7 35 35 .30
M3 5 45 . 20 35
M4 7 10 . 60 30
N1 5 0 85 15
7 50 45 5
N2 9 T30 60 ) .10
N3 6 25 - 35 40
X @ 28 . 49 23
S . C 17 - 20 ' o112
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TABLE 21

Summary of Results of

]

Laboratory Questionnaires Regarding the Laboratory Reports

Reports Number Percent Percent Who Percent-Who
of who Had Did Not Were Neutral
Responses Difficulty Have Difficulty
DR 200 ©1g ‘ 76 10
OR 240 1 - 75 | 14
FR i40 : 28 , 49 23
X(weighted) 16 69 15
3
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are given in Table 21. The weighted means are baéed,op.the@
total number of fesponses for each report. From Table 21
the Final Report is seen as one which posed greateé
difficulty for students ‘than the Design or the Obse:vakion
Reports. This fact is unéérstandéble;gsince the Final.
Report required more work by the student than the other
'reports,'it was g{ven greater weight in the evaluation.
However, the task of intefpreting data in the Final Report-
should be somewhat the the same regardless of how data are
obtained--by following the iab manual or by éoilowing'one's
* own désign. No special significance, therefore, is attached
to the fact that the Final Report was found to be more
difficult than the other reporté.

Lab Questionnaire Statement No. 4 states: "More
guidance should have been provided." The issue of whether
students require more or less guidance during an experiment
is proportional to the amount of "structuring” provided by
the laboratory manual and to the degree of difficﬁlty of the
experiment. The question of degree of difficulty, not easy
to ascertain, was not asked in the questionnaire. Instead
students were asked after each experiment if "mege-guidance
should have been provided.” The assumption is ﬁade that
although the experiments variéd in difficulty they all had
less structuring than the conventional type and therefore

should have been more difficult andurequired mofe guidance.,
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However, students found out after the first laboratory

experiment (Lab L1) that they would receive virtually no

guidance during the performance of an experiment. The
statement on the questionnaire, therefore, is an attempt to
determine if students perceived that they could perform

1N

tﬁese unstructured laboratory exercises without reguiring
more guidance. The means in Table 22 show that 7% thought
ﬁore'guidance should have been provided, 75% thought not,
and 19% were neutral or could not decide. These fesults are
based”on 210 responses.

" Table é3'is a summary of student responées to Statement
No.5: "I had trouble performing (specified section of) this

experiment.” The results show that on the six experiments

55% of the students did not have trouble performing the task

designated, 23% did and 22% were neutral on the issues,

Student responses for .the remaining process'skill
statements (Numbers 6-9) are compiled in Table 24. These
questions were grouped together becauée they deal Qith the
principal proceés skills necessary in pgrférminé an
experiment, and.they deal with the issﬁe of improviﬁg_the
skills. From the table it can be-seen that a large ‘
percentage of students felt they were able to improve upon
their techniques and designs and felt confidgnt ébout their
determinations. Most students thought the lab mahual was

clear encugh; although, in Lab L1 (See Lab L1, Question 5,
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TABLE 22 J
Summary of Questionnaire Results Dealing With
Statement No. 4 "I believe more guidance should

h%ve been provided during the experiment."

>l

Lab Question Percent Who Percent Who Did Percent Who
No. No. Agreed Not Agree Were Neutral
L1 9. 10 40 50
%2 8 5 60 35
L3, B 0 B85 15
M1 8 15 80 5
M2 7 0 85 15
M3 6 15 65 20
M4 8 5 .80 15
N1 9 5 80 15
N2 8 5 85 10
N3 9 10 75 15
N4 8 10 80 10

- 7 74 19
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TABLE 23
Summary of Questionnaire Results Dealing With
Statement No. 5 "I had trouble performing

(parts of) the experiment.”

Lab Question Percent Who Percent Who Did Percent Who

No. No. ~ Agreed Not Agree Were Neutral
L2 g 20 50, 30
M2 8 40 35 | 25
M3 2 15 55 30
B . 50 35 - o 15
M4 1 15 1) 30
N1 8 20 65 15
N2 4 0 90 10
X 23 55 - 22
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TABRE 24 -.
Summary of Qhestionnaire Results
Dealing‘witﬁ Statements No. 6 to 10
"Lab Question Pércent T Percent Percent Number
No. No. who . Who Did Who Were “Tof
: Agreed Not Agree Neutral Responses
| -
6. {Instructions in Manual Were Clear)
L1 5 | 50 '; is 35 20
L2 3 80 0 20 20
N i 1 85 10 5 20
X 72 8 20

7. {I believe I can improve my design and technique....)

L2 100 75

8. (I felt confident

5

20

"about my determination)

L3 2 85
N3 7 30
N4 - 2 45

X 53

9. (I belleve my process skills have improved)

10
35
25
23

5
35
30

24

‘N2 2 80
N3 4 90
N4 7 95
X 88

15
10 |
0
8

5
0
5

20

-~ 20

20
20

"20 .
20
20

4
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Table 24} only 50% of the students agreed. 1In the first
experiment of .the year students perhaps felt insecure about
X il
attempting e§periments'théy had Eo design. . In Lab L2,
Question 3, BO0% said the instructions were adeqQuate. For
most students Lab L2 (Molar Heat of Vaporization) was a
difficult experiment to obtain a determinatioA'with a low
peféent error, but few students had difficulty designing
procedural steps or carrying them out. The difficulties in-
Lab L2 are'discussed later iﬁ the Process and Attitude

Domains,

The results in_Table 24, Statement No. 9, indicate a
large proportion of students (88%) .agreed with the statement
that their procesé skills had improved. LaB N3 deals with
the process skill of reproducibility, and Lab N4 deals with
the major process skills of this. study: identifying a
problem, predicting, designing, hypothesizing, and
interpreting.- data. Lab N4, the last experiment of the

school year, required students to exhibit most of the

process skills in An Inventory of Processes in Scientific

Inguiry. See Lab N4 in Appendix C.

£

Results from Other Instruments. Data from the

remaining instruments in the Process Domain are discussed
jointly and are meant to focus on the two key issues: (a)
Are students performing higher level process skills, and how

well are they doing so? (b) Do students perceive their
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process skills as improving and what is the evidence?

The Written Coinments in the Process Domain are divided

-
into two grouﬁs called solicited and unsolicited commments.
To some of the questions in the Laboratory Quést}onnai:e
students were asked to comment furthgr in the Written
Compent section. These cemments are referred to as
solicited cbmménts ahd_are found in Table 25. The table
indicates the proportion of studéntg who responded and the
majority opinion of those-responses. The unsolicited
written comments are primarily in the attftude domain and
are discussed‘later.

The majority opinions of the written comments in Table

25 indicate that students were performing particular process

skills at a higher level of inguiry. Lab L2, for example,

is considered (by the author) to be one of the more

difficult experiments that students had to perform. Several

"key process skills were reguired such as: identifying

limitation of design as a result of failures, modifying the

procedure, repeating the experiment for reproducibility to

overcome limjtations of intitial design. Table 25 shows

that 64% of those who resbpnded in the Written Comments to
b Y

Question 9, Lab L2 did not believe the._experiment was too

‘difficult to obtain a reasonable heat of Qaporization. The

results of the Laborétofy‘Questionnaire for this question ' .

showed that only 20% of the class thought the experiment too
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Summary of Solicited Comments to Questions’

‘Lab Question Solicited Percent of Majority Opinion
No. ‘No, Questions Class Who. sof Written
: } Responded Responses

L2 - I believe this 70 é?\ghose who .
experiment ,is too - responded 64%.
difficult for me to thought not and
obtain a reasonable saidthey could
heat of vaporization. improve results

with a different
- design.

M1 I had difficulty in 65 0f those who
ordering my data so responded 20%
as to identify agreed.
regularities.

M3 I had difficulty 40 About 60% of
with the FR. those who

- responded
agreed.

M4 I had difficulty 25 0f those who
with the DR. responded 20%

] _ agreed.

M4 I had difficulty 25 Of those who
with the FR. responded 20% -

agreed.



131

diﬁficﬁlt. Lab M3 was another difficult experiment chosen
‘to see if students couid‘prqcess their data on. Lab.MB
reguires a muiti~operation En‘calculations.. In Part A
students were reguired to calculate the éoncentration of the
pérﬁanganate ipn from the primary standard ammonium sulfate
‘hexahydrate. In Part B the students the- ad to use the
'.{fﬁ@ults of Part A to determine the molar?z:ncentration of ‘a
hydrogen peroxide solution., On the Lab M3 Laboratory
Questionnaire, reported earlier in Table 20, 45% of the
class claimed that the FR had been difficult. In the
written Comhen;s (Table 25) 60% of those who responded to
tﬁe sclicited guestion agreed that the FR was difficult.
Nevertheless, in the Laboratoré-Reports the FR results for
Lab M3 show that students obtained an average.grade of 76%
wbich edualled the mean for the year (Table 9). Therefore,

to state on a questionnaire that "I had difficulty with

‘calculations...” is not necessarily an admission by the

"student that he did not eventual}y‘get the correct answerjx'
‘ i ; : .

Table:17, reportéd'earlier under the Concept Domain,shows
that 20% of thé class made errors in calculations in Lab M3,
Althodgh these were reported as conceﬁt_érrors the percent
is considerablj lower than the error obtained in thé three

.prior'invgstigations in ﬁnit L,{in which on the aver#ge 35%

" of the students made concept errors). Undoubtedly, the data

suggest that students pefceived'their process skills as

'\
N

.
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improving. 1In addition to the above evidence fo¥ this claim '

provided in relation to Experiment M3, the following

statements were made in the taped interviews:

The calculations were difficult until I caught on.
Once the molar concentration in Part A was worked
out it was okay.// The interpretations were not
difficult once you had the design and observations,
Not that hard. I found the desiyrf the most
challenging in this lab. (See Table 26.)°

Furthermore, the evidence in Table 26 shows that students
thought the first half of the semester's experiments were
more difficult to process and interpret. With the exception
of Unit L and Lab N3, students said processing and

interpreting data was not difficult to do. .

Data from two more questions under the Written Comments

in Table 25 remain:

"1 had difficuity with the DR" (Question 5, Lab M4)
"I had difficulty with OR" (Question 6, Lab M%)

The results in Table “25 show that only 20% of those students
who made solicited comments to these.statéments_agreed that
they had had difficulties with the reports. These resﬁ;ts
agree with the Laboratory QuesFionnaire results previously:
reported in Table 17.

Interesting results.afe‘found in Table 25 with ?egards
to the key . issue of performiné higher level process skillg.'
Students on the Lab M1 questionnaire were asked to comment

further to the statement "I had difficulty in ordering my

o
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Taped Interview Comments in the Process Domain”’
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TABLE 26

A
3
QUE?}ION LAB EDITED RESPONSES
i ¥ . . - dnal.
/ .
Tell me about - L1|Processing data was more difficult.

your thoughts and
feelings about
processing and
interpreting data

L2

L3

"M2

M3

M4

N1

M1

1 didn't know what format to use//

.1t was the most difficult part.

Our percent error was high op first
calculatiom...but we had the' right
calculations after all//No problem.

I had trouble with FR//I find trouble
with calculations. I think we all do.

Interpreting is harder [than design or
observation}//This lab was easier.

Interpreting is more difficult//
Sometimes processing data can be
difficult...in this lab it wasn't too
bad.

The calculations were difficult until
I caught on. Once the molar
concentration in Part A was -worked out
it was okay//The interpretations were
not difficult once you had the design
and observations, Not that hard to
do. I found the design the most
challenglng in this lab.

Once the design and observations have
been done it's easy to do the
processing and the interpreting.

<
I had no problem and found processing
easy//1 understood those reactions
that agreed with my predictions but I
didn't understand why some [reactions]
didn't.



TABLE 26 (Cont'd)

QUESTION LAB

EDITED RESPONSES

N3

N4

Because we made the designs we knew
exactly what to do. I found process-
ing 'guite easy//1 got a very small
percent error so I must have been
doing somé things right. - I had few
problems with interpretation.

I had trouble with processing...//I.
usually have trouble with the inter-
pretations. I don't always know what
you want. I don't usually have
trouble with the math. '

Processing data was not too difficult
for me because the data fitted my
hypothesis just the way I predicted.

T

The double solidus separatéé'each-studgnt's-comments.

t
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data so as to identify regularities." This imporéant high
level process skill is one which ALCHEM and most structured
laboratory manuals do not require studen;; to perform since
a table or a matrix for recording daﬁa is generally
provided. On.the guestionnaire, only 15% agreed that they
had dlfflCUlty with thlS 5k111 (Appendix I, Lab M1), and on
the 5011c1ted written statements 65% of the class responded
to the quest;on but only 20% of those agreed. Lab M1 was
chosen because it was perhaps more challenging than the’
other experiqents with regard to the process  skill in
" guestion. ' The proéess-skillfof ordering data in Lab Mt
required the student to first distinguish each agent as an
oiidizing'agent or as a reducing agent then to list the
agents in a table or a matrix in order of strength, in such
8 way so that the table could be used to determine, at a
glance, which substances would react spontaneously. The
‘'same process skill of “ordering" was queried in .the Lab M2
questionnaire (Appendix I, Lab M2, Question 5). Lab M2 is a
similar type of e#periment.fo Lab M1 but is more difficult
because the reagenfs were not knoLn to the students
(solutions were labelled A, B, C, etc.). On the Laboratory
Questionnaire, 25% of the students said they had diffidulty
ordering data. In the Laboratory Reports the results of the

‘Observation Report (OR) for both experiments showed that

students were able to score higher than the year's average
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“\\{I?ble 9).

The TeACheﬁ’s Log contains reports that students had
difficulties‘w}th design, ordering and procegsing data in
Lab L1 (Table“79)f Difficulties with performing the
experiment were reported in Lab L3 (Table 61), and problems

. in tabulating and organizing data were reported in.Lab M1

(Table 82).

Summary of Process Skill Domain Results. The intent
of the discusstsﬁs in this section has been to show that |
students are successfully engaged in scientific process
skills at a high level of inguiry and to show that the
students ﬁer:eiwed imprévements in thei; process skills.
Ffom the Laboratory Qﬁestionnaires, data sﬁow“that B8% of
the students in the class believed that their process skills'
ﬁad improved. This évidehce was obtained from the last -

-‘three'Léborato;y Questionnaires (N2, §3, and N4) (See Table
24). -Tables 18, 12 and 20 were used to calculate thé-
percent of the class who had difficulties with the DR, OR,
and FR for each unit L, M and N. The results show that
there is a gradual decrease in the pumber of students who
had difficulties. These calculations are based on 500
responses from Tables 18, 19, and 20. Although students
were perfgrming labs at a higher level of inquiry they were

encountering fewer difficulties as the year progressed.

From the Laborétory Reports, data show a gradual improvement
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in achievement for alllthree reports (DR, OR, and FR) (See
Table 10}. Ffom the Taped Interviews, data 1in Table 26 show
tgét aé the year progressed students found processing and
interpreting easier. From the Written Comments, data in
Table 3% (to be depicted later) show that students mentioned
they had had difficulties only with the process skills in
Lab L1 and L2, the first two of the year. From the
Teacher's Log (Appendix N), the data show #hat only in Labs
L1, L3 and M1 did students have difficulties pérforming the
lab and processing dataf Further, they reguested extra help
and guiéance only in the first few labs. Evidence recorded
in Labs M4, N1, N3 and N4 Shows that students experienced a
greatér number of process skills and became more proficient
in carrying them out (See Appendix N: Tables 85, B6, 88, and
89).
- The above results from the study coupled with the
student gains on POST discussed in Chapter 4 show quite
unequivocally that inquiry-oriented léarning and teaching=isnh
a realistic and attainable objective for chemistry,
especially if an inguiry laboratory component based oﬁ
scientific process skills is included. Students can learn
to perform-inquiry activities Qith decreasiné difficulty and
increasing efficiency, even though the guidance by the
teacher and instructional materiéls is decreased,. -It is

true that the amount of time required to cover a program in
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an inquiry approach 1is greatef than bf conventional meané,
but thé data on the Chemistry 30 Examination discussed in
the previous chapter suggest that this does not nebeésarily
result in a penalty oﬁ students writing éxternglly prepared
content (concepyual) exams,

Attitude Domain

Introduction. As defined earlier in Chapter..1, for

pufposes éf this study, the Attitude Domain includes
scientific attitudes as well as feelings that students
exhibit, or perceive to have, regarding their participation
in the inguiry-oriented laboratory program. The scientific
attitudes were evaluated by *TOSA and have been discusseé in
the empirical-aﬁalytic paradigm section. In this
situational-interpretative section only the attitudes and
feelings relative to inguiry-oriented learning are
discussed. ”

Data collected by.means of five instrumeﬁts in *this
paradigm are recorded.and«discussed sepafately. These
discussions. are then followed by an attempt to focus on key
issues which are related to the problem of the-stuay: (a) By
what manner and té what extent do stﬁdents of this study .
exhibit desirable objectives in the affective domain? (b)
How do‘Students perceive the iaborét?ry program? (c) Are

the students satisfied with their laboratory work?
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Results from Laboratory Questionnaires. The

following statements from the Laboratory Questionnaires in

the Attitude Domain are discussed in this section:

Db WK —
A
o

XI1 level.

found this experlment challenglng

found thi§ experiment 1nterest1ng

would like more experiments in this unit

I would like to do this experiment again

This experiment was not very excltlng at the grade

6. In Part A (Lab M3}, fourteen steps were given under
‘ ~.Procedure. I prefer doing laboratroy experiments of
this type rather than designing my own experimental

steps.

7. 1 would prefer an experiment which has a
determination or the answer given.

0 o

laboratory this year

f"

1 was generally disappointed -in my data.
. -1 was generally pleased with my work in the .

The first statemen%{“l found this experiment

s

-

challenging" was placed eh every laboratory questionnaire

for students to evaluate exqept the Laboratory

Questionnaires L1, L2, and N1. - Table 27 shows that

approximately two-thirds of the 160 responses indicate that

students found the experiments challenging. Only Lab L3 was

found to be "not challenging™ by more than 35% of the

students. For all‘other experiments only 5% of the students

found them not challenging.

Ny

Unit M (Electrochemlstry) was randomly chosen for the

- survey of the question "I found this experiment

interesting." The results in Table 28 indicate a high

percentage of students (85%) found the experiments in

electrochemistry to be interesting.

Less than 2% did not

i
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TABLE 27
Summary of Questionnaire Results

Dealing With Statement No. 1°

-

"I found this experiment challenging.”

Y

Lab Question Percent Who ;Percen€ Whoe Did Percent Who
No. ‘No. Agreed ~—"Not Agree Were Neutral
L3 7 - 35 " 35 .30
M1 0 | 25 15 60
M2 10 65 - 5 20
M3 10 90 0 10
M4 10 70 0 30
N2 10 85 5 _ 10
N3. . 10 60 I | 40
N4 9 —95 . 0 5
X 65.6 8.8 # 25.6
-

The total number of responses for the survey is 160.
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TABLE 28
Summary of Questionnaire Results
Dealing With Statement No. 2

4 : .
"1 @Bgﬁd this experiment interesting."”

[

Lab Question Percent Who Percent Who Did Percent Who
No. No. ) Agreed Not Agree Were Neutral
M1 9 85 0 i s

M2 g 75 5 — 20

M3 9 85 . .0 - 15

M4 g 95 T 5

X 85.0 . 1.2 13.8

\

The total.number of responses for the survey is 80,
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agree with the statement.

The quégkiohnairé resuits?on.Statéments (3) "I méuld
like more experiments in this unit" and Statement (4) "I
would like to do this experiment again" are found in Table
29. The purpose in asking students whether they would like
more experiments in the unit is to fina out not only whether
students enjoy doing the unstructured experiments but
whether they eﬁjoy them well enough to want to do more of
them:‘ Similarly, asking students whether they would like to
do the experiment again’is an attempt at finding out whether
students care enough'a their wo;k to want to do it over
in é}der to get a better redult or perhaps to confirm what
they got initially. The results for the three labs chosen
for the statement "I would like more experiments in this
unit” (Table 29) indicate that approximately éwo—thirds of
the 60 responses were in agreement with the statement. Most
of the remaining students were neutral on this statemeﬁt.
One is tempted to surmise that té be neutral about high
level‘inquiry laboratory work is fQ give it tacit
endorsation. To Statement (4}, ™I would 1;ké to do this
experiment again,"” Table 29 shows, one more, that
apﬁroximately four-fifths of all responses-were'in agreement
with the statement. This shows that moét‘students are
challenged and mﬁtivated to get respectable results in the

experiments.
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Summary of Questlonnalre Results Dealing With Statements

{3)"1 would llke more experiments in this unit".

{4)"1 would like to do th;s exper1ment.aga1n.

[ ]
Lab Question

Percent Who

Percent Who Did Percent Who

N1

No. No. Agreed Not Agree Were Neutral’
(3) "1 would like more experiments in ‘this unit.”
L3 10 50 5 45
M2 1 90 0 10
10 55 6 45
X 65 2 33

(4) "I would like to do this experiment again.”

85
70
78

10

7

25

15

The total number of responses for the survey are 60

and 40 and respectively,

™

.;’

=t
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The results for the remaining statements in the
Laboratory Questionnaires are grouped ané found in Table 30.
Since. each one.was asked Qﬁly in regard to one experiment,
no definitive-conqlusions can be drawn. The results for
Statement (5) indicate that 50% of the students did nat °~
agree with the statement and the remainder were neutrai.
Regarding Statement (6}, only 20% of the students preferred’
to do experiments which had the design steps provided; and
the results fgr Statement (7) are probably not significant
éinqe appgoximately half of the students were divided while

the rest were undecided. 1In fact, students could be

reflecting some of the sentiment expressed in Statement B8

which was also based on Léb M4, Ekperiment M4 was a
disappointing one for most students because of the type of
voltmeter used to m%ésuré fhe'electromotive force of the
cells beinglconsﬁfucted during the‘exﬁeriment. 1f a vacuum
tube Qoltmeter (VTVM) is used, acceptable readings are -
obtained, that is, less than a 10% error is obtained in most
cases. However, the student meter with'its relatively low"
internal resistance produces a considerably higher error.i
Corroded clips,‘poor connections, contaminated Qérous

partitioﬁs {not changing the cottdn»battingl and other

problems are the usual sources of error; howeveri;these

errors aiong'with the error ingyrfed by the use of the

student meter prbduced a high percent error for some

k-4
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TABLE 30
Summary of Questionnaire Results Dealiﬁg with the
_ e ;
Remaining Statements in the Attitude Domain (5,6,7,8,9)

Tt f‘-‘*

\‘:v

Lab Question Percent Who Percent Who Did Percent Who T
No. No., Agreed Not Agree Were Neutral

(5} This experiment wascmot very exciting at the
grade XII level.

L3 . 3 ‘ 0 50 50

(6) I prefer doing laboratory'experiments of this
type rather than designing my. own experiemental

steps. _
M3 _ 20 55 ) 25
(7} 1 prefer an experlment whlch has a determlnatlon
of the answer given. ¢
M4 4 25 . | 30 45

(8) .1 was generally disappointed in my data.

M4 37 - 85 _ 25 20
(9), I: waé'geherally pleased with my work in the’ (f]
. laboratory this year. ‘ _
N4 1&\ 7 80 0 20
Ll - ‘ ’

-~
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4 !

students. The original intent for this expériment was to

»

hgye studefits initially use the student voltmeter. only

‘suspect cells would then be checked with the VTVM. There

were enough student voltmeters avallable but, unfortunately,

not enough VIVM's, and most students did not find the time

_to check all the cells with the VIVM. Furthermore, during

the Pilot Study students had prepared only four cells aqd‘
were not rushed while in the Main Study six éells were
prep;Eeﬁ. As a result, studenﬁs'were unhappy about the data
colleéted. It seems the decision to increase the n&ﬁber of
cells for the main study was unwise,oespegially'wiFhout
providing an adequate ‘number of vacuum tube Qoltmetérs.

-Fof Statemeﬁt‘9, 80% of,thé students indicated they’
were pleased with their 1aborator& work this year, while the

remaining 20% were neutral. Whereas the class was generally

~split in response to questions 5 to B8, the strong positive .

response to the last questlon seems to be an unequ1vocal

endorsatlon of the 1nqu1ry orlented laboratory approach used

™

in the study.. , v ’

Results of Writfen.gomments. - Two questions sélicited
yritten comments inxihe,Atﬁitude Domain. 1In Lab L3‘studenté
,&ere-asﬁﬁé tb comment upon Stafement 7: "This experiment was.
not Qery challenging."” Appendix M, Lab L3, shows that 60%
of the cléss responded with one or more written comments on

this issue and of those who responded 30% agreed that the
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experiment was not very challenging. On the Lab L3
Questionnaire 35% disagreed with the statement aﬁd 35%
agfeed tﬁat the ;xperiment Qas not challenging; but in the
written comments these same studentgyﬁho agreed gualified -
their answers by stating that the experiment helped them
“understand principles,” "bqila confidence," and enabled
themr"to become more efficient,"”™ They also thought thef
should Fave been given the oppértunity.to do more
experimenﬁs in the unit on energy (Appendix M, Lab L3). All
gtudents who indicated they were neutral on the
guestionnaire appeared‘reluctaﬁt to admit that the
experiment was challenging al%hough many students said
something positive about the experiment.

The last solicited written comment was i; response to
the Laboratory Questionnaire Lab N4 statement: “How ao ySuﬁ
like this type of laboratory expe;iﬁéht as a. learning’ -
experience?” . A compilation of all the comments is found in
Appendix Mfé Ninety percent of the‘class,wrote comments, ang
with verxffew exceﬁt%ons.the comments were positive. :Some
were flé£tering, others we;é perceptive, and a few were
constréctive.'h'few e#cerpts:follow:

Y

knew what I was doing before I went inte the
lab.---" )

"I liked the freedom in (desién);;..“
"You learn more...more challenging,..."

A few perceptive ones:
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"I became more aware of what I was doing....maybe
actually thinking like a scientist."

"I felt part of the class.™
o wmMIt forces é person to think." b
And some constructive ones:
"fhis system should have been started in

grade X...."

"I like to modify my design but...(did' not always
have time)" .

"We 'had to learn from our mistakes."
y "I found the labs enjoyable and challenging, .

especially the titrations."
] .-

Table 31 contains an edited list of unsolicited

-

comments mentiched by two or more students. Appendix M,
from which Table 31 is taken, conpafns a summary of written
comments for all laboratory experimenté. The most often

made comments on all questionnaires emphasized that the

experjments were enjoyable, interesting, and challenging.

Comments were- made régarding thke usefulness of the Design #
Report and appear in Labs L1, M3, and N4. These comments
,;gnged f;om "good idea,“*fabie to chanée [design]," "gives a
better understanding,” to "more confident with my own
design.'.1 V(See Table 31). In addition, some revealing
comments were made about Lab M3 (Aﬁpendix M). Part A of Lab"
4 M3 (Redok Titration) provided stﬁdents with a comprehensive

list of procedural steps which enabled students 'to develop
&
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TABLE 31
- Summary of Unsolgcited Written Comments
Lab " Edited Comments Mentioned By Two or More Students
L1 "I liked the  idea of a design_report.”

L2

L3

M1

M2

M3

M4

N1

"...enjoyable this way."

.more demanding than (ALCHEM 10/20)"

.more guidance needed." , \
.had difficulty with the calculations.” ‘

"1 would like to try again and get better results.”
...having trouble with calculations.™

"1 would liKe to do this lab again.”
..interesting lab."
.challenging.”

..challenging.
..easy to do."

2 3

..more challenging than M1.,"
"color tests were confusing."
"...interesting."

.difficult to classify the oxidizing and reducingx
agents.” : o \_,///

...I like to be able to make changes when necessary.”
..challenging.”
“I understand lab better if I have to de51gn it.

...given procedures make you rely too much on the lab
manual.

K
"] was not as confident with Part A as I would have
been if I had drawn up my own procedures,”

"...interesting lab."
"...challenging.”
"The student voltmeter was not very accurate.,”

"1 enjoyed this lab."

n

"...interesting lab, because of unexpected results.”

"I found it difficult to explain the (anomalies).

™~
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" TABLE 31 (Cont'd}

Lab

Edited Comments Mentioned By Two or More Students

N2

N3

N4

"I liked this experiment.”
.challenging."”

..an interesting lab."”

"The end-point is not easy to arrive at.

"

"I am not sure of [NH3] because the [HCT] from Lab N2
is suspect.

",..a difficult lab to perform "

"I enjoyed this lab."

"I had trouble drawing titration curve."

..interesting labs this year.”
.enjoyable."
..challenging.’'
.more challenglng than (ALCHEM 10/20
"ThlS system {of labs) is better although more work."
"DR is important...gives a better understanding."”

-~
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proper titration techniques. Part B, on the other hand, had
: i i .
WRjye required to .

ot

Qirtuall& no steps provided and studént“r
, COARE
design their own. Several students (indeed, 35% of the
" class) wrote that they preferréd to write their own design
rather than be given the procedural steps. These written,
comments were unsolicited comments--students were not asked
. A -
to specifically comment on the issue. This issue is of such
importance that a few original quotations are given here,
not the edited versions that appear in Appendix M; Lab M3.
. . " M. hd » +

I would rather invent my own steps because it is

easier to remember what to do next. THis way I have

to keep rereading in my lab. ° ’

I prefer to follow Steps,that may be given to you.

for the first lab in a new area (unit) where you are -

doing something totally different. The following

labs in that area do not need the written steps but

some guidance before the lab is necessary.

It was easier to follow and carry out the ALCHEM

procedure (Part A); however, I was not as confident -

going into the lab as I would have been if I had

drawn up my own procedure. 1 put more thought into
the lab if I have to design it.
Y :

These results agree with the Laboratory Questionnaire M3,
Question I, results (Appendix 1), which were reported
earlier in Table 30. This table shows that only 20% of the,

class preferred doing experiments with the design steps

given.

——

Results of Taped Interviews. A summary of student
responses to all guestions on the Taﬁed Interviews for each

laboratory experiment is found in Appendix L. Thé comments
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to interview Question 1: "How do you feel about tﬁis
laboratory investigation?™ are v;ried and add little‘that is
new relative to the Attitude Domain. - The most prevalent
comment found in the .appendix has to do with writing the o
Design Report. Students thought writing their own design
was a "good system”. .The reasons for doing so varied: "I
.like being trusted,” %more of a.challenge," "You have to
understand the lab [in order to write your own design]," -
"Intergsting".' A few found faults with some’of the
experiments; Lab N2 was thought to give inaccurate results,
In Lab M1,.one student thought'£ﬁat the section on
électrochemistry had not been proﬁerly covered;Before the
lab was attempted. Another, would have preferred more
freedom be giyeﬁ him in Lab M2, A few found the -
calculations diffiéult in Labs M3 and N3. The above
comments with the exception to the one preferring more
freedom in Lab M2 were also noted in the Questionnaires and
particularly in the special qguestion of Lab N4 in which this
same guestion was asked abgut ali the laboratory
experiments, - The results of these solicited written
comments were'v?ry;poSitive (Appendix M,'Lab N4, Sbecial
Solicited Question). -

The results for the remaining questions asked in the

Taped Interviews, Questions 2 {(a), (b), (¢), (d), {(e), and

(f), are found in Appendix L but summarized in Table 32.



153

TABLE 32

Results to Taped Interview Question No. 2

"Tell me your thought and feelings on the following.“

Question Percent Who Major Opinion
Descriptor Responded {Percent of Those

Who Responded)
LY

¢ Understood Did Not
- Purpose- Understand
2(a) (Topic and . 95 87 .13
Purpose) ' :
, ‘ .. . Adeguate - Not' Adequate
2{b) (Prelab) 95 _ B4 16
b Not Difficult Difficult
. 2(c) (Design) B0 88 12
(Observation) 80 94 6
{Processing and. 90 i 56 44
Interpreting) ’
. ) Prefer Three Prefer One
2(d) (Lab Reports 30 ' 94 3
one or three)
h Fair ~  Not Fair
2(e) {Marking . 85 ' 70 ) 30
Reports) » : : —
°F ‘ A
A ' Complimentary - Not
‘ Complimentary
2(f) (Peers) ' 80 : 81 iE)

(Teacher) | 80 83 S 17
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Stuaents were asked to'give their thodghés and feelings
about specific features of the laboratory program and the
role students played in this progrgm.A The résults to the
guestions are tabulated so that the majority opinion }or all
labs is depicted. Questio;\Q {a), (b) agd (c) wvere - -
discussed earlier under the concept domain. Regarding
Question 2 (d), the majbrity.opinion of students who
responded (94%) said they preferred writing three reports
(DR, OR, and FR) rathef than a single.repért as they had
.been required to do in ALCHEM 10 and 20. Several students
mentioﬁéd that although writing three reports involved more
work it was probably more beneficial to them.. There were

' very few negative comfments made on the issue (Appendix L).
Responses to Quegtion 2 {e) indicated that the marking was
fair élthough several students thought the teacher hag_been
a étiqkler for details in some instances.

Responses to Question 2 _(f) "What effect did'your
classmates and the teacher have on the classroom setting?”
were tape—recordéd by most students without the teacher
being présent. The majority of comments (over -80%) éboué
peers and the. teacher appear as euiogies, particularly those
About ﬁherteacher. Regarding the esnlogies, it is important
for the reéder to distinguish between the person and the
teacher. Considerable evidencé'in Appendix i#’and to some

degree in the Teacher's Log, exists to show that the praises
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lévished upon the‘teacﬁer~wére made because of what he did
as a teacher--not as a pérsén devoid of teaching. The

kﬁ//teacher had pchéd studenté in a particular laboratory

1 setting which demanded certain expectations énd the students

seemingly approved. Praises stated in the Taped Interviews
point to‘specific situations that were created by the |
teacher. From these situations leérning outcomes were
produced. and have been identified as high level inquiry.

Results of Laboratory Reports. 'Because of the amount

of data involved, the student reports (DR, QR aﬁd‘FR) havé
not been included in the appendices; however, the reports
include evidence for the use of desired scientific attitudes
- or intellectual adjustments noted in Appendix E.I Laboratory
réports for the last éew‘experimentg showed that students
exhibited the action {(rather than the cognition or intent)
tomponent of such behaviors as objectivity, guestionniné
attitudes, honesty, respect‘for evidence, and willingnéss to
change opinions. . These attitudes were particulary evident
in Lab N4, the last experimenﬁ of We semester. The
experiment wa; éééigned to have stﬁdents identify and
exhibit a number of procegs skills, a large pfoportion of
which were at a high level inquiry ((Appenéix B, Lab N4).
With little or no assistance from the teacher or the.
laboratory manhal,.stﬁdents were required in the FR to:

interpret data by assessing the validity of initial
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assumptions, predictions and hypotheslis; to express the
interpretation of data verbally or mathematically; and to

state what further evidence was needed to substantiate

findings. The examples cited below illustrate the level of

achievement in the processes of science but more importantly

show that students w;re also exhibiting desirable attitudes:

1. Predictions were verified buf sgudents admitted other
'obseryaﬁions could not be explained (honesty; respect
for evidence). ) |

would hapben', yet

2. The prediction made said 'nothin
students-reported conflicting eyidence--'a precipitate

formed'. <(honesty; respect f§ evidence).

3. PredictipﬁB stated that a ecipitate of NaCl would form
yet no pfecithHtE"fS?ﬁggfprUpon furtﬁer re-testing a
precipitate formed. (perseverance)}.

4, Tbe expressed theory fitted the opgerved faéts but~
students admitted.that other tests would be reguired to

- verify the hypothesis. 'This experiment will have to bBw
repeated with other [similaf] solutioés...to see if the
same results are obtained.’ (éuspénded judgement;
further evidence needed). | |

Results of Teacher's Log. Most of comments made in

‘the Teacher's Log are observations which belong in the
_process and concept domains; but several impressions

-regarding student attitudes are found in Appendix N. At the
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beginning of the year stidents expressed preference to
working in.pairs, but by the fourth experiment the habit of
working alone was no longer an issue. Indeed,_by the end of
the year students seemea to enjoy not only Qorking by

. themselves but enjoyed being on their own, £hat is, without
reguiring guidaqce from the teacher or the laboratory o
manual.

Preference for designing‘their own experiments was?h
“exhibited early in the year (Lab N3, Appendix N) but few ’
scientific atti%udgs,Were-exhibited. These attitudes were
not observed until later in the year énd eépecially in Léb

'N4. Lab M4 in Appendix N showed the need for experiments.
which yield 'good data.’ The respect for evidence and
related attitudes Qere not promoted by this experiment but,
as mentioned in the.appendix? these attitudes could have

" been fostered to a much greater degree. ‘ T ~

In the titration expe;iments_Labs M3, N2 and N3

students dﬁsblayed affective behaviors1iE§Eh are thdsg
necessary for competehce and success in science. Studénts\;
persevered in attempting to obtain reproducible data. This

a

was especially true in Part B of Lab M3, Lab N2 énd Lab N3.

waever,.students‘were_not neceésarilfpmotivated

intrinsically by these experiments, for they had been
yuchallenged by the feacher. This was also trUe-%n'Lab M4

which was repetitious.
_ W
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Summary of Attitude Domain Resuylts. Data from a

’
‘number of 1nstruments was used to determlnq\thg‘manner and

extent to whlch ob]eCtlves in the Attltude Bpmaln were

‘acpieved. As prev1ously stated 1n Chapter 4 the results

L

from TOSA have not been helpful. However, the qualitative'

s 1nstruments prov1ded a great deal of information on how

-,

students felt about the inquiry- orlented laboratory program.

The Laboratory. Qhestionq&ires, by means of nine statements,

4

covered a variety of topics in the attitude domain. The .

oWritten Comments, Including six solicited comments, were

found on all gquestionnaire forms. The Taped Interviews,

given after each experlment« surveyed every facet of the

- =N
}

laboratory_program. + The Laboratory Reports, required for

every experiment, contained selected excerpts on pupils’-
—_ ' . ’ .
attitudes. And the~Ieacher's Log, compiled from field
kit NE A
.. N .
‘notes, contained records and general impressions about

studefit attitudes on every experiment. The digestion of a

multitude of data is guite unmanageable unless a procegs of

: selectlon is used. i | f e
- One of the issues was to determlne how students —
perceived the laboratory program, ‘In order to give oplnlons
about the presént program, students in many cases, made
cqﬁparisons with laboratory procedures used in preQious
. years, namely_thoée Lsedf{; ALCHEM 10 and 20. Although

students_ of this study had followed the ALCHEM curriculum
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(not the alternate program Keys to Chemistry), a direct’

comparison was never asked of the stﬁdents.

To the issue of how students pé}ceiyed the | /
inqdiryrorieqted‘laboratory program;, a_sizahlé majérity‘of
stﬁdents reﬁeatedly expreséed that they fouﬁd the ‘
experiments challehging; interesting gnd ehjoyable. These
commen}s are documented in,Appeﬁdices I, M, and L.and to a
lesser extent in Appen?ix N (Teabﬁef's-Log); Students
enjoyed the freedom given them-iﬁ design, and they preferred
to design procedural steps'?qther than be told by the
1abo£atory manual or the teacher. They indicated they -
?referred to write three laboratory reports (DR, OR; FR) - \

-

rather than only one; although, they admitted that three
involved more work. o . | . | =
The evidence gathered in this- chapter gugéests that the
experiments ;ere enjoyable and interesting'because-théy were
challenging. In the original ALCHEM ekperiﬁents,‘the
challenges are more inftinsic——tﬁatais, the authors of
ALCHEM haa‘pfoduced_a challénging set df“éfggriments. ‘The
revised egperiments_bf‘this study, however, have been made
even mbfe cha1lenging'5ecagse they ‘required studeﬁ#s to.ao
their .own designing, recording'and processing. The membefs
of the class perceiéed ahe independent exef;isé.of-these .
procqés skil} requ{rements as "dbiﬁg their‘own thing." As

recorded in the Laboratory Reports and the Teacher's Log

. T : L o~
- _ ' . - . . .
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these reguirements produced improvements in pupils'

@

attitudes. This was observed as a gradual process

"throughout thé year.

Perhaps the strongest evidence which supports the claim

-

. . L
made about how students perceive their laboratory work is

found in the special question in the Written Comments: "How

‘do you like this type of laboratory experiment as a learning

experience?” This gquestion, found iniTable 77, Appendix M,
is not just about_Lab N4 but aboﬁt the tyge of'experiménts
the students had been performing all year. Almost every
student answered this quesgion-by-coﬁparing the unstructured
labs of the Revised ALCHEM with.experiments performed in
preﬁious years.“A'Hawthorne effect may'haQe.ppen oper@t%ve,
partly because students were awaEe that they were“invdivq@
in a study, but the studénts preferred the experiments uSéd
in this étpdy. |
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CHAPTER 6 . .
, SUMMARY, IMPLICATION, AND FURTHER RESEARCH

’ Q : : - “3“

1

éummary of the Stuéy : d 2

_I_A This study attempted to assess the impaét of o (

iéqﬂiry-oriéﬁted'labofatory work- on students in Grade 12 \\K/ﬁéﬁ

chemistry in Alberta. It addressed several questions, most .

noéably the folldaing: B

. - .

1. To determéne the manner and_ex&gnt to which students who
are breseﬁted wﬁth minimally structured (directed)
labqratorj experiences are able to attain objectives in
‘the domains of concept learning (higher level),
scieﬁtific attitude and. scientific progess skills.

2. To determine how studengs'“feel"_abopq-learhing
chémistry_in which inqﬁiry-oriented iébér%tory.work-is
emﬁhasized.- - . - o S

3. To delineate_teaching strategies to be'employed by the
classrooem teachér for the effective use ?E,fn
unstructured laboratory component in a chemi%iry course.

; To answer the above questions it was deemed necessary

to collect beth quantitative and qualjtative data, the first

by means of an empirical-analystic paradigm and the® second

4

by means of a situational-interpretative one. The research

methodology, instructional materials and data collecting

methods were developed, tested and refined during a pilot ,
- 161 , 3
2 S . »

g
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phase involving three ‘Chemistry 30.§lasses (54 students) in
two sépa;ate school semestérs., The sample, for the main
‘study consisted of one claés of Chemistry 30 (20 students))
which was engaged in the inquirf-oriented laboratory for a
fUli school semester,

The displays or instructional materials used in gﬁe
study coﬁsistedgbf‘eleved experiments, eight of which were
from the prescribed ALCHEM ‘30 proéram but revised to a
higher level of inguiry, while three were added-by the

investigator, These experiments were based on an inventory

of-scientific process skills (Nay et al, 1Q}¥),,and the

level of inquiry was defined.by‘the number of process steps
which had to be initiated by the student rather than by the
teacher or the manual. S{xty-fivé per cént of all the steps
in the eleven experiments (more than dogbleqthe number in {

the original ALCHEM 30 experiments) had to be initiated by

_ the student, attesting to a high level of inquiry.

The laboratory work was performed-by'studehts as part

of the regular Chemistry 30 program, but required about
three times the amount of time (in class, during breaks and

homework) that would have been spent on the original ALCHEM
30 expefiments. However this time was obtained mainly at:

the expense of activitiesrfouqd in a traditionally-taught
- ﬂ ) . .. A -

course.

AT ™~

-

=

y
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The guantitative instruments. used iq'the study were as
follows: Chemistry 30 Achievement Examination (Alberta
Education,. 1979);: Processes of Science Test, PO§T (BSCSV
1962); Test on Scientific Attitudes,,K TOSA (Andruski, Kozlow
and Nay, 1981); Laberatery Questionnaires, and re
Laboratory Reports, namely the Design Report (DR}, /the
Observation Report (Oﬁ) and the Final Report (FR). The
quélitative data came -from the Laboratory Questionnaires,
written comments in- the LabofatofyAQuestiontairesi.the thrgé
Laboratory Reports, Taped Interviews,'end Teacher(s
(Investigator‘s) Log. ' ' ‘

Summary of Quantltatlve Results

.

The. Chemlstry 30 Achlevement Test the main instrument
in the concept domain, was used to anSwet two guestions: (1)
Do students subjected to the laboratory experlences of this
study attaln objectives at the higher level in cognltlve
domain? (2) What effect does the’additional time required
on inquiry objectives have . on the studeﬁt's concept
achievement? 1In Chapter 4 it eas‘established that the
Chemistry 30 Test was testing students at the hlgher 1evels
Bloom 5 taxonomy of educatlonal objectlves in the cogn1t1ve
domain {1956).- Ovet 50% of thelquest1ons in the ;nstrument
are purported to be of the application, analysis, and
synthesis type. The remainder consisted of Questions in the

S N _ | .
knowledge and comprehension categories_(Table 3)}. The
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achievgme&ﬁ.teét results showed that students of{thié study
were ab,‘ to successfully compete with students from the
1provinc§§g group. However, no»rigorous'statistiéél'claims
’are made to show that students of E?is study did
significantly better Fhén the provjncial group. - - t
The Test on Scientific Attitugp (TOSAa_yas used to
méasure scientific attitudes such as objectiGity,
open-mindedness and qpestionihg attitudeé*(Appendix G).
TOSA consists of two sub-tests: the coghition one measuring
stpdept's knoﬁledge of how scientist§ behavetattitudinally
while performing research, while the‘intedt.suﬁ-test
measures students' attitudinal intent when presented witﬁ
various attitudinally-loaded situations. This instfuhent 2
failed_to show any significant change when adqiniétered as a
pretest and pbst—test; this result 1is incdnsistenf with the
results from all of-the other ihstruments. The cognition -
sub-test of TOSA is probably not a Qalid‘instrﬁment for this
study. No where in the core, elective, or laborator§ .
ﬁatenials of the ALCHEM 30 curriculum are studentsigiven
materials or topics related to the sciént{ffc attitudeé that
scientists should havé, nor were attitudes emphasized in’the
classroom or in the lébaratory during the year. on 'the
other hand, there was some scopé for the intent component to

develop . in the inquiry-oriented laboratory work. However,

no attempt was made to isclate and analyze the intent

/"\

h



o : : 165

sub-test results.
’ :
The analysis of variance with re@eéted measures for the
pretest and posﬁ-test for the Processes of,gcienceaTest'

& ~ .
(POST) waj significamt at 'the 0.0% level. Students were

able to attain the' process skill objectives tésted in POST

during the main study; These objectives are as follows:-

1. Recogniie adequate triterig'for accepting or reéecting
hypotheses. | |

2. Prepare experiﬁental designs for solving a problem.

; —h

3. Attend to controls, adequate sampling and careful
observation. N -
\ P

4. Appraise and interPret data. :

The overall results obpainéd on,  the basis of the
empirical-analytic paradigm suggest modest claims in
cognitive development and process skill acquisition as a
result of'students'ﬁsngagemeﬁt in inquiry-oriented

laboratory work.

Summary of Qualitative Results

‘fﬁ:chépter 5 under the concept domain, the results from
S all Qualitative instruments showed that st'udents had few'
problems understanding the main background‘concepﬁs or the
purpose of the experiments (Tasles 10, 11, i3, 155, but
-results showed that students had‘diffgculties‘with

y ~
calculations (Tables 12, 14 and 16).

1
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In the process. skill ‘domain, Tables-17 to 26 show {(a)
.thét students were performing satisfactoril} a'greategv
number of skills and at a higher level of inquiry than those
.inﬁolv;d in 'the original ALCHEM experiments, and (b), that’
students' scientific process. skills had improved £hroughout
the yéar.
L . :
Results %n the attitude domain strongly support the
followinggconclusioqs:_
i. Students eﬁhibited important positive attitudes towards
-rinquiry—oriénted laboratory work'{Tafles 29-32 aAd
_Appendices E,L,M, and ﬁ). |
2. Students perceived-their work to be well done and were
"satisfied with their laboratory performance (Tables 29,
30, 32 and Appendices M and N).
3. Students found the experiments challenging and
"interesting (Tables 27, 28, 31Jand Appendix M).
4. Students enjoyed their laborag?ry work (Tables 31, 56,
58, 64-67, 72, 74-78, and Appendix N).’
1. Students preferred designing their own experiméntal _
procedures rather than being toid what.to“do (Tablé 30).
2. Students would have liked to do more expefiments in each
of the units of the é;udy (Table 29). -

3. Students preferred writing the three reports rather than

only one because they perceived important pedagogical .

Far

b3

“
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benefits and believed the reports were marked fairly
{(Table 32).
4. Students thought the teacher was contributing q{jongly

to the success of the laboratory program (Tables 32, 56

to 66). ' *

- !
—~

5. Students by-tﬁe end of the semester enjoyed being on
their oﬁn while performing e;periments.kho longer
wighing to work in pairs) and required little,guidance

. from the ;eéther or t%@ laboratory manual.

6. Students did exhibit in their laboratory work scientific
attitudes such as "honesty" and "respect for evidence."

The ‘degree of "certainty" regarding'the above inferences and

conclusions is.ﬁériable, depending ﬁpon the number of

expe;iments<and,instruments that were used to collect fhe

W

data underpinning them.

Summary of Discussion of Results

The main purpose of the study is about inquiry teaching
in the laboratory and its effect ﬁpon student performance in
terms of (a) concept acqguisition and application, (b)
scientific process skill competence, and (c)'display SE
séientific»attitudes in experimenﬁal work and pasitive

attitudes toewards inguiry learning in the Iaboratory._

Findings in each domain are summarized separately below,

r
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indication thaf the Achievenment Test is not measiring areas °
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Concept Development. The Chemistry 30 Achievement

Tesf purportedly tested the higher level cognifive skills,
Althouéh it was not possible to show that'pupils had
improved in concept acquisitiqn and ability to deal with
course content at higher cognitive levels, it was poSsible
‘to show fhét student performance in this domain did not’
Ysuffer in spite of the extra time spent on inguiry. This
finding contradicts the criticism that inéuiry teaching is
inefficient for learning because too much time is spent on
introducing, developing, and pfacticing the processes of
scientific inguiry, causing concept development and subject

matter asquisition to suffer (Ausubel, 1968).

The final marks in the three laboratory feports,

‘especiaily in the DR and Fr, indicate students understood

the concepts involved. However, the correlation between Lab ~
Reports and the Chemistry Achievement Test was found to be

0.36 (Table 8). This low correlation is probably an

-t
1

P

directly related to the laboratory work, since no questions
on experiments,wére included in this{test.

The data indiﬁate that students encountered problems in
the concept domain, not all of them being totally resolved.
In pérticular, students had difficulty with experiments
requiring mathematical célculations. An‘éverage of 20% of

the students professed this difficulty in the Labératory

-

S
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Qeustionnaires., However, the Laboratory Reports showed that
an average of 26% of the class made calculation erroré.

This indicates that this aspect of the experimental work
needs‘to be more guided especialiy in the initial stages of
the laboratory program and in regard to experiments
involving a difficult concept (e.g., Lab L2).

Process Skill Utilization. 1In earlier chapters it was

argued that the teéching'str;tégiéé’employeé‘in»this study
were considered to be at a high level of ipquiry. Inquiry
was defined in terms of scientific process skills with the
lével being dependent'on the relative.number of skills that
had to be initiatedfby the student (Appendix A). The
utilization of process skills was controlled in the main by
the.Revised ALCHEM 30 Experiments and the requirements of
three laboratory :epoqts. By listing the procedural-steps
in the Design report (DR) before going to the work bench on
lab day, students had to demonstrate that they understood
not only the purpose of the exﬁeriﬁent but the manner in
whichj@he-problem'was to be solved. The Observation Report,
to be completed before the end of the period, indicated to
‘the teacher not only if-data were cor@ectly_feéorded'but if
students undérstﬁodhwhaf data were neededs"™ Most -
importantly, the data had to be consistent with the DR. The
Final Report, the most difficult report for students, Had to

shovw +how data were processed and_hoﬁ_well the purpose of the
_ : kY )

<
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experiment had been achieved.

W.All of the instruments except the .Chémistry 30

‘Achievement Test and TOSA contributed data which showed that
. students were able to perform the necessary scientific skill

-at a high level of-induiry; Data from both research

paradigms in this domdin have produced results which are
complimentayy. Not only Qere students able to peffofm the
necessary process skills but as tﬁe year progressed these
skills were observed by Fhé teacher and perceived by the
students as improving.

Display of Positive Attitudes. The five gualitative

instruments produced/géta which indicate the display of
positive attitudes by students towards the inguiry-oriented

laboragpry program. The majority of students found the

experiments challenging, interesting and enjoyable.< The

majdrif& éf students expressed approval with almost‘every
facet of the }aborétpry program: prelab sessions, designing,
ordering, processing, writing reports (DR, OR, and_ER), and
marking reports. Upon‘comparing thEaLxge of laboratory
experiment with experiments from previous years, students of
this study were uﬁanimqus‘in stating théir'preferénce for
the. lesser Quiéance-provided in the experiments used in- this

i : ‘
Pretest and post-test results of.TOSA failed to measure

-

: % ‘ L i .
significant improvement in the acquisition of scientific -

.-

3 ——



-attitudes;‘ This may be priﬁarily attribut;ble.to the lack
of concentra£ion on elements in the jnquiry-orienféd
laboratory work which could improve student'performanfe on
the test.A In the Kozlow and Nay model (1976), three
components of*scientiféc attitude are gefined: cognitioh,
'iﬁtent, and action, TOSA purports to measyre only the first
two cémponents. Koilow and Nay claim that the action
component must be assessed in the classroom or laboratory.
Because of inherent difficulties, no attempt was made  in
this study to evaluate the action component rigorously.
Hoﬁever, it is‘the’belief of the investidhfdr fhat the
inquiry nature of the experiments and the teaching strategy
employed in the laboratory program oflthis study have helped

students to develop the followiﬁg attitudes:

1. Appreciation for research methods:

(a) Students experience the difficulty of desién,
collection of data and interpretation of .
results. . ' oo

(b) Students know that data collected with good -,
precision are easier to process and lead to /O
more meaningful results. @ -
(c) Students begin to prefer guantitative to

gualitative resultsa

2. Independence: . ‘ o0
(a) Students learn to act on their own when asked

to design e%periments and glassify, order and c
. data. | ' ¢ T

+ (b} By not being able to seek aid from the teabher//
.students learn to solve problems on their own.

-



(b) In the post labdiscussion periods students
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Courage:

(a) Students develop the attitude of not being’

afraid to make decisions which may lead to
mistakes;

(b) Maklﬁg errors is accepted as a part of
- investigative activity and a valuable way
of learning.

Confidence: ' . .‘ 4

(a) Students develop confidencegin their own
problem solving abilities ?? by being
required to hypothesize, make predictions
and design experiments).

-

become increasihgly more willing and competent
to aggue and defend thef/hb051tlons on the
- laboratory reports.

Respect for evidence:

(a) Students gain.the realization that in the

1nterpretat10n section of the lab repors,
the explanations must agree with design
and observatlons _ . L e

(b) Statements had to be supported w1th facts.

-

T
- . . t;‘
Interest in sc1ence: .
G

(a) Because of the: greater freedom provided,
students become more involved.

(b) By ﬁlndlng ex erlments challenglng, enjoyable

and 1nterest1ng, 1ntefest in science is

enhanced o

\
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Conclusion

This study has shown that students who'participated in
high ievel inquiry while in .the laboratory were able to
satisfactorily exhibit specific content and concept
development, a variety of ﬁFientific process skills and some
"desirable attitudes. These findings reflect a reality which
 Ssanders and Schwab (1979) describe as compiex and subtle,
and which ;equirés a combination of complementary research
paradigms.to uﬁderstand it adeguately. Consequently, two
research paradigms were chosen for this study. The
empirical-analytic paradigm provided valuable information:
but was not designed to allow-the subtle and complex natire
6f humqﬁ‘behavior to be recordéd and evaluated. It was thé
situational-interpretative research.mode that provided
information on the varied meanings, intents and attitudes
that students.experiencé ih the educational process.
Behaviour patterns were sought to undefstand the reali;y
experienced by students in learning situations involving the
laboratory. Some of these patterns resulted from the
purpose of the chemistry program as modified for the étudy;
while others wére not s¢o "preordained.” A
situational-interpretative research paradigm must be
sensitive torpick up'boih an!icipated and unpredictable

student responses. Evidence preséntéd in Chapter 5

indicates that both types of student behavior were amply
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monitoged.

Within a given paradigm there is a need to give
attention to the ;élidity and reliability of findings.
Perhaps the easiest way to aétend to this matter is to use
more than one source of eviéence for a given parameter. For
this reason it was decided to use several distinct
data-collecting modes for each domain of concern in the
study. The one exception, the use of a single instrument
(TQSA) to meagﬁre scientific attitudes, demonstrates the
wisdom of using mﬁ;tiple data~collecting channels. The pre
and post-test results on TOSA showed significant student
growth in the pilot study but nﬁt in the main one. As a

L

result the actual impact of inquiry-oriented laboratory

teaching on scientific attitude oi/gzﬁéqgts remains to be
. " \\
determined. . |

4 /
-

The study provides considerable evidence for studépt
growth in use of scientific process skills, ﬁncluding
manipulation of laboratﬁry equipment. ‘However, evidence of
student growth in functigning at an increasing level of
inquiry is not as clear cut., Data has been provided by
means of the qualitative instruments which lead one to infer
that indeed éhs/;tudents functioned with increasing ease at
higher levels of inquiry as they progressed through the

eleven experiments. Despite the evidence cited, there is a

need for more definitive studies to settle this issue.
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However, because of the complexity of the learning process,
research may .never be able to show convinecingly that

laboratory experiences of the type used in this study are

responsible for achieving significant learning outcomes.

But until the learning process is better understood, the.
gciehce téacher can only continue to believe that the unique
experiences of the inquiry-o;iénted laboratory are - -
worthwhile. Studies such as the one described above gi?e
credible support to such a belief.

This study also prbvides some practical directions forl
inquiry-oriented teaching based on laboratory activity. The
téaching/learning strategies used are not the only ones
possible, but if results similar to those obtained by'thé
students of this study are desired, thén the fbllowing
suggestions.must‘be considered:

1. Early iﬁ the year students should be introduced to
scientific process skills by means of a model such as

the Inventory of Processes in Scientific Inquiry (Nay et

al, Appendi;%c)._ Students need to be familiar with the
major tenets of such an inventory and the relationship
the processes will have with the experiments to be
preformed.

2. If the experiments in the original laboratory manual are
highly structured, then some of the procedural-steﬁs in

the manual must be removed and not be made available to
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étuden;éf'“Depending én t;:lghilosophy of the.teacher,
new éiberiments may be necessary. The folloying
guidelines are usefu]l in determining what procedurai
steps (process skills) should be left to the student to
initiate: (a) For the first experiments of the year,
more éuidance and structure are necessary; but as
students become familiar with technigues and gain.
confidence guidance and structure are reduced. (b)
Students should be encouraged to attempt unorthodox
designs, even designs which the teacher. suspects will
fail. Let students learn from their mistakes. & ‘
Providing a helpful hand or a hint in_order to save. time

L-
or avoid trouble later does not permit students to.learn

. from their mistakes. (c) Ready-ﬁade tables should never

be made available and students should be encourag;d to
collect, order, classify, and'tabulate daté even early
in the year: With experiénce students do not find these
tasks difficult. .
Evaluation of the laboratory work should focus on how
students attempt to answer the problem based on their
stated designs and not on the percent error, obtained.
Although accuracy is always an'important consideration,
it should not be the main one in this type of inquiry.
Every experiment has open-ended possibilities and

students should attempt the open-ended exercise after
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gainipg the reguisite conceptual and experimental
background in such process skills as designing, ordering
and tabulating.

The p;escribedllaborafory manual should never bécome
the “texf" which must be diligenEly followed. The
innovative teacher has few gqualms about modifying,
supplementing or eliminating existing procédures. To have
students follow the highly structured laboratory manual to
the letter is perhaps easier for both students and teacher
but oﬁly the "appearance, but not the reality, of enguiry is

p

provided” (Schwab, 1964).

.Implications for the Science Teacher

1. The study shows that students can become independent
inguirer in a laboratéry program, They will need
suitable instructional materials, a coherent
problem-solving model such as the Inventory of Processes
in §Egéfﬁ}iéc Inquiry (Nay et al, Appendix C), and.a
teacher who is knowledgeable about inqufry teaching and
learning and committed to this approach. Also adequate‘
operational conditions must be provided (e.qg., k

manageable class size, scheduled time for labora;ory

work, adequafe laboratory facilities, and time for the
teacher for setting up the lab and marking).

2. Emphasis on inquiry-oriented laboratory work need not

penalize student achievement on external exams in which
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only the conceptual domaiﬁ is evaluated.

3. Students,are more motivated to work in an inguiry ‘
program because they find it more interesting and
challenging. |

4. Students engaged in a-chémistry course with emphasis on
inquiry-oriented laboratory activity gain a better
understandiné of and‘feeling for the nature of chemistry

than is provided by a didactit teaching approach.

Recommendations .for Further Research
‘A number of significant guestions are stated below
which need to be researched, and very likely each guestion

will fquire a multi-paradigmatic approach.

1. Can the approach used 4n this study be used equally

effectively in other grades and scientific disciplines?

2. How does the ability level of the students in the class
relate to the specific strategies used in inguiry-
oriented laboratory work and to the effectiveness of

this apprqgéh?

Some writers have suggested that only gifted students
benefit from an approach such as was used in this study.
Other researchers claim that laboratory work is often a

waste of time,
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3. How should the science program be modified so that the
action component of scientific attitude receive

more directed emphasis?
Clearly the'actioh’cdmponent of scientific attitudés
_ pe

is the most important of the three identified by Koziow and
Nay 11976). It'is;necessary'Qg_determine ways of
consciously_incoagératiﬁg.ways of enhanciﬁé‘this

- component and assessing it comprehensively. Rigorous
evaluative instruments must be developed for the valid

assessment of scientific attitudes in action,

4., What is the effect on pupil attitudes, process- skill
utilization and concept ‘development if students in an
inquiry laboratory program are permitted to work at
their own pace?

5. What are the significant pupil-teacher and pupil-pupil

interactions in inguiry-oriented teaching activity?

°

w

More research is needed to determine what happens
dufing the three phases of laboratory work. This
would cover such dimensions as the nature of teacher

guidance, the difficulties encountered by students, how the
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nature of the difficulties and guidance affect student

attitudes towards inquiry-oriented laboratory work, and the

role of competition and cooperation.

6. What are the outcomes in the domains of pupil attitudes,
scientific process skill utilization and concept
development 1f all aspects (not only‘thg'laboratory

phase) of a science course are ingquiry-oriented?

Research on this queétipn could alsc address such
aspects as_the effectiveness of each_mode of teaching for
developmenf ofjcompétence;in using scientific process
skills, the optimum amount of time to be spent on laboranry

activity, and student preferences for approaches in learning

science,

-
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TABLE 33
Lab, L1l MOLAR HEAT OF A CHEMICAL CHANGE
Key: S= initiated by student, T= guidance provided by teacher and
M= guidance provided by laboratory manual
PROCESSES ALCHEM] REVISED COMMENTS
1. iDENTIFYING AND FORMULATING
A. PROBLEM
“ (a) speculﬁting M M
(b) identifying variables M M Mass, vol., temperature
(c) making assumptions M M All solutions=1.0 g/mL
(d) delimiting problem T T Calorimeter losses are
‘ ignored
2. SEEKING BACKGROUND INFORMATION
(a) recalling experiences M M ALCHEM 10 and 20
(b) dolng literature research [M M Class notes, library
(¢) consulting people T T
3. PREDICTING M M
4. HYPOTHESIZING M M
{ Must complete DR before
S. DESIGNING COLLECTION OF DATA going to the lab bench)
(a) defining variables ~ |M S Jchoose acid, initia]l temp.
(b) defining experImental stepg-M S “Istudents do all
(c) equipment and techniques |M, T [uM prelab
{d) satety T T
.(e) method for recording-data jM S Desiprns) table
- — .
6. COLLECTION OF DATA
(a) setting up apparatus s S )
{b) performing experiment S S
(c) modifying procedures T T
{d) repeating experiment T T Told to do 50
(e) ‘recording data M g Table not provided
OR must be completed
7. OBSERVING AND OBSERVATIONS before end of lab period)
. {(a) gualitative data S s :
(b) guantitative data S 5
{c) gatherIng specimens 3 s
(d) graphical data ot necessary
(e) serendipity S S I]gnportunitx provided
(f) accuracy of data ™ S _
(g) reliabllity and validity |[v S
8. ORGANIZING THE DATA
(a) oxdering M S
(b) classifying M S
(c) compaf}ng S S . I5tudents compare each

cthers'

v
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TABLE 133

{Cont'd}
“ Lab L1

190

PROCESSES

ALCHEM

REVISED

COMMENTS

10.

1.

12,

13.

14.

15,

16,

" 7.

REPRESENTING THE DATA
GRAPHICALLY
(a) graphs, diagrams, ...

#a

(b) 1nterpolating,
extrapolating

TRFEATING THE DATA
MATHEMATICALLY .
(a) caleculating

Students decide which
results to use

{b) using statistics

(test of significance

{c) uncertainty of results

==

provided)

INTERPRETING THE DATA
(a) explanation of data

M.

(b) generalization or
inferences

(¢) assessing validity of
predictions

FORMULATING OPERATIONAL
DEFINITIONS
(a) verbal

(b) mathematical

M

EXPRESSING DATA IN THE FORM
OF A MATHEMATICAL RELATIONSHIP

INCORPORATING THE NEW
DISCOVERY INTO THE EXISTING
THEORY

SEEKING FURTHER -EVIDENCE TO:
{2) increase confidence

(b) test generalizability

IDENTIFYING NEW PROBLEMS FOR
INVESTIGATIONS BECAUSE OF:
{(a) effect of new variables

' - 7
Different acid, base, and

(b) unexpected observations.

{c) inconsistencies in theory

concentration supggested

APPLYING THE DISCOVERED
KNOWLEDGE

V‘ e e

TOTAL NUMBER OF SUBSKILLS

39

39

INITIATED BY STUDENT

16




TABLE 34

MOLAR HEAT OF VAPORIZATION
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ench)

-results

Lab L2
Key: S= initiated by student, T= guldance provided by teacher and
M= guidance provided by laboratory manual ¢
PROCESSES ALCHEM| REVISED COMMENTS
1. iDLN§ég§igﬁ AND FORMULATING w* *This lab is not included
* ' in ALCHEM 30
(a) speculating M
(b) identifying wvariables M Initial volume of water .
{c) making assumptions M, T ‘
(d) delimlting problem T Phase and K.E. changes
2. SEEKING BACKGROUND INFORMATION
(a) Tecalling experiences T Meaning of phase change
{b) doing literature research M
(c) consulting people T
3. PREDICTING
HYPOTHESIZING T ‘
: (DR must be complete
5, DESIGNING COLLECTION OF DATA~ before going to work
(a) defining variables initial temp, mass of H,0.
(b) defining experimental step$ 5 Students design all steps
(c¢) equipment and technIques T . o
(d) safety T Steam burns discussed
(e} method for recording data S Desipgns table
6. COLLECTION OF DATA
(a) setting up apparatus [
(b) performing experiment S Work in pairs
(c) modifying procedures S Trial and errors to. improve-
(d) repeatlng experiment S Several Tepeats
{e) recording data g Pesigns table
7. OBSERVING AND OBSERVATIONS (OR must be completed before
(a) qualitative data 5 end of lab period)
(b) quantitative data S (Students experience
(c) gathering specimens S many failures)
(d) graphical data
{e) serendiplity S ] .
(f) accuracy of data S {High percent error due ‘to
(g) Tellablility and validity S transfer of condensed steam
: - instead of steam)
B, ORGANIZING THE DATA
(a) ordering S
(b) classifying S
(¢) comparing M
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TABLE 34 (Cont'd)

Lab L2
PROCESSES ALCHEM {REVISED COMMERNTS
9. REPRESENTING THE DATA
GRAPHICALLY .
(a) graphs, diagramg, .3 ~
(b) interpolating, \ . » -
extrapolating '
10. TRFATING THE DATA \‘,,;).
MATHEMATICALLY ' .
(a) caleculating . S (Many students fail to
(b) using statistics - consider the K.E. change
(¢) uncertainty of results S along with the phase
change)
11. INTERPRETING THE DATA : .
(a) explanation of data S (High percent error obtained
(b) generalization or ' for those who made error in
inferences . ’ S concept)
(c) assesgsing validity of (
predictions S

\

12, FORMULATING OPERATIONAL
DEFINITIONS
(a) verbal
(b) mathematical

Wi

13. EXPRESSING DATA IN THE FORM
OF A MATHEMATICAL RELATIONSHIP

14, INCORPORATING THE NEW
DISCOVERY INTO THE EXISTING
THEORY '

15, SEEKING FURTHER EVIDENCE TO:
{a) increase confidence
{b) test generalizability

16, IDENTIFYING NEW PROBLEMS FOR
INVESTIGATIONS BECAUSE OF:
(a) effect of new variables
(b} unexpected observations
(¢) inconsistencies in theory

17. APPLYING THE DISCOVERED
KNOWLEDGE

e - = e ——— - = —

TOTAL NUMBER OF SUBSKILLS 34

INITIATED BY STUDENT 23

8
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* - TABLE" 35 93

Lab L3 MOLAR HEAT OF PHASE CHANGE

Key: S=

M= guidance provided by laboratory manual

initiated by student, T= guidance provided by teacher and

) PROCESSES | ALCHEM| REVISED COMMENTS
1. IDERTIFYING AND FORMULATING -
. PROBLEM -
(a) speculating M M
{b) identifying variables M S Mass of ice
(c) making assumptions M, T| M, T |Phase and K.E. change
(d) delImliting problem considered '
2, SEEKING BACKGROUND INFORMATION
{a) recalling experiences M M
‘(b) dolng Ilterature research | M M
{c) consulting people T T
3. PREDICTING M S
4- HYPOTHESIZING‘ M S (DR had to be completed
5. DESIGNING COLLECTION OF DATA | before going to the work
(a) defining variables M 5 bench)
(b) defining experimental step$ M S Designs all steps
(c¢) equipment and techniques M S (Many brought or constructed
(d) safety their own calorimeters)
(e) method for recoralng data | M S Designs table
6. COLLECTICN OF DATA
(a) setting up apparatus 5 I
(b) performing experiment S S Works individually
(¢) modifylng procedures S Few changes
(d) repeating experiment S Several times for-
(e) recording data M S -reproducibility
7. OBSERVING AND OBSERVATIONS (OR had to be completed
(a) qualitative data S S before end of period)
{(b) gquantitative data N S S Few difflculties encountered
(c) gatheTriIng specimens S S :
(d) graphlcal data
(e) serendiplity S
(f) accuracy ot data M ] Good accuracy obtained
(g) Tellabllity and validity M 3 =
8. ORGANIZING THE DATA ) )
(a) ordering ‘M S Similar to Lab L2
{(b) classiiying: ‘ '
(c) “comparing
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‘Lab L3

L
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FROCESSES

LCHE

3t

i

REVISED

[

COMMENTS

10.

11.

12,

1304,
" 14,

15.

16.

17,

N ———————— e
TOTAL NUMBER OF SUBSKILLS

REPRESENTIN. THL DATA
GRAPHIC....Y -
(a) graphs, diagrams, ...

(b) interpolacing,
extrapolating

TRFATING THE DATA
MATHEMATICALLY
(a) calculating

(Most students do not
repeat the same concept
error as in Lab L2)

(b) using statistics

(c) uncertainty of results

==

INTERPRETING THE DATA
(a) explanation of data

(The class percent error

(b) generalization or
inferences

is about 8.5%)

(¢) assessing validity of
predictions

R}

FORMULATING OPERATIONAL
DEFINITIONS
{a) verbal

M

Students distinquish
between heat of reaction
and molar heat

{b) mathematical

M

EXPRESSING DATA IN THE FORM -
OF A MATHEMATICAL RELATIONSHIP

INCORPORATING THE NEW
DISCOVERY INTO THE EXISTING
THEORY '

SEEKING FURTHER EVIDENCE TO:
(a) increase confidence

(b) test generalizability

IDENTIFYING NEW PROBLEMS FOR
INVESTIGATIONS BECAUSE QOF:
(a) effect of new variables

(b) unexpected observations

(¢) inconsistencies in theory

APPLYING THE DISCOVERED
KNOWLEDGE

33

36

INITIATED BY STUDENT

29
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Lab Ml_

Key

TABLE

36
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ELECTROCHEMISTRY .~ AN INTRODUCTION TO REDOX

= initiated by student, T= guidance provided by teacher and
M= guidance provided by laboratory manual

PROCESSES ALCHEM| REVISED COMMENTS
1, IDENTIFYING AND FORMULATING
A. DPROBLEM
(a) speculating M M. .
(b) identifying variables M M Metals, meltallic 1lons
(¢) making assumptions M M
(d) delimicing problem M M
2. SEEKING.BACKGROUND INFORMATION
- {a) recalling experiences M M
~ (b) dolng literature research | M B
(c) consulting people T T
: {Many students predict a -
3. PREDICTING L M S metal would not react with
4. HYPOTHESIZING M M its own aqueous ion)
‘ ‘ (DR had to be completed
S. DESIGNING COLLECTION OF DATA before going to the lab bench)
(a) defining variables M S Metals and ions
(b) defining experimental step§ M S Defines all steps
(c¢) equipment and techniques M M, S .
(d) satety T T
(e) method for recording data | p S Designs table
6. COLLECTITON OF DATA
{a) setting up apparatus s S
(b) performing experiment S S Works individually
(c) modifying procedures S Few problems
{d) repeating/ experiment -
{e) recording dat& ables not provided,
7. OBSERVING AND OBSERVATIONS (OR had to be completed
(a) qualitative data S s before end of tab period)
{b) gquantitative data S « 5 ,
(c) gatherIng specimens S S (Few difficulties
(d) graphical data encountered)
(e) serendiplity
{f) accuracy of data -
(g) reliabllity and validity
8. ORGANIZING THE DATA
(a) ordering M M
(b) cTassliying M M
{c) comparing M M




TABLE 36

{Cont'd)

Lab M1

196"

PROLSSES

ALCHEM

COMMENTS

10,

11.-

12,

13.

14,

v

AN

N 15,
/ﬂ

16.

17.

——

REPRESENTING THE DATAA
GRAPHICALLY
(a) graphs, diagrams, ...

REVISED,

{b) interpolating,
extrapolating

TRFATING THE DATA
MATHEMATIGALLY
{a) calculating

{b) using statistics

{c) uncertainty of Tesults

INTERPRETING THE DATA
(a) explanation of data

[ 4

(Few students can order

(b) generalization or
inferences

their data so as to be able
to predict a spontaneous

(c) assessing validity of
predictions

Teaction)

FORMULATING OPERATIONAL
DEFINITIONS
(a) verbal

(b} mathematical

EXPRESSING DATA IN THE FORM
OF A MATHEMATICAL RELATLONSHIP

INCORPORATING THE NEW

DISCOVERY INTG THE EXISTING
THEOQRY

SEEKING FURTHER EVIDENCE TO:
{a) increase confidence

(b) test generalizability

IDENTIFYING NEW PROBLEMS FOR
INVESTIGATIONS BECAUSE OF:
{a) effect of new variables

(b) unexpected observations

(e) inconsistencies in theory

APPLYING THE DISCOVERED
KNOWLEDGE

— — —————

TOTAL NUMBER OF SUBSKILLS

26

27

INITIATED BY STUDENT

i5

r



Lab

TABL

M2

37

£,

197

ELECTROCHEMISTRY ~ SPONTANEOUS REACTIONS
Key: S= initiated by student, T= guidance provided by teacher and
M= guidance provided by laboratory manual
PROCESSES ALCHEM| REVISED COMMENTS
1. IDENTIFYING AND FORMULATING ' . _
A. PROBLEM TThls exBerlment is not
(a) speculating M included’ in ALCHEM 30
(b) identifying variables M (Reagents were labelled
(c) making assumptions M algebraically A, B, C, and
(d) delimIting problem - T X, Y, 2)
2. SEEKING BACKGROUND INFORMATION
{a) recalling experiences 5 Experiences from Lab Ml
{b) doing iiterature research 3 ALCHEM notes
(c) consuiting people S, T [Color tests were provided
3. PREDICTING S
4, HYPOTHESIZING S
(DR had to be completed
Se DESIGNING COLLECTION OF DATA before going to work bench)
(a) defining variables S Reagents were unknown
(b) defining experimental step S Defines all steps
(c¢) equipment and technlques S
(d) safety T
(e) method for recording data S Desipns table
6. COLLECTION OF DATA
"(a) setting up apparatus S ,
(b) performing experiment S Works individually
(¢) modIfyIng procedures 3 Few_chances
4 (d) repeating experiment S Only when anomalies arose
(e) recording data S
: (OR had to be completed
7. OBSERVING AND OBSERVATIONS before end of lab peried)
(a) qualitative data S Students found the color
(b) guantitative data S tests confusing
(c) gathering speclmens 3
(d) graphical data
(e) serendiplity
(f£) accuracy of data =
(g) TelTlabllity and validity
8. ORGANIZING THE DATA . .
(a) ordering S KOnce the reagents were
(b) classifying - klassified_as OA apd RA
(¢) comparing rlassifying was_similar to
Lab M1)




TABLE 37

ad

»

(Cont'd) -

Lab M2

198

PROCESSES

ALCHEM

REVISED

COMMENTS

9.

10.

11.

12,

13.

14,

15.

16.

17.

e =

REPRESENRING THE DATA
GRAPHICAILY
(a) grapks, diagrams, ...

(b) interholating,
ext lating

TREATING THE DATA
MATHEMATICALLY
(a) calculating

(b) using statistics

(c) uncertainty of results

INTERPRETING THE DATA
(a) explanation of data

The relative strengths of
OA and RA were obtained
S from ordered data

(b). generalization or
inferences

(c) assessing validity of
predictions

FORMULATING COPERATIONAL
DEFINITIONS
{a) verbal

(b) mathematical

EXPRESSING DATA IN THE FORM
OF A MATHEMATICAL RELATIONSHIP

INCORPORATING THE NEW
DISCOVERY INTO THE EXISTING
THEORY

SEEKING FURTHER EVIDENCE TO:
(a) increase confidence .

(The relationships found
S in Lab M2 were applied to
this experiment)

(b) test generalizability

IDENTIFYING NEW PROBLEMS FOR
INVESTIGATIONS BECAUSE OF:
(a) effect of new variables

(b) unexpected observatlons

(c) inconsistencies in theory

T: Other species tested (Mg

APPLYING THE DISCOVERED
KNOWLEDGE

TOTAL NUMBER OF SUBSKILLS

& Brp) appeared to be
inconsistent

= -

33

INITIATED BY STUDENT

23

=
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TABLE 138
Lab M3 REDOX TITRATION
Key S= initiated by student, T= guidance provided by teacher and
M= guidance provided by laboratory manual
PROCESSES ALCHEM| REVISED COMMENTS
1. IDENTIFYING AND FORMULATING
Al FROBLEH
(a) speculating M M
(b) identifying variables M M, S | (Concentration of. Mn0O7
{c) maklng. assumptions M M from Part A)
(d) dellmiting probliem
2. SEEKING BACKGROUND INFORMATION :
{a) recalling experiences M S
(b) dolng literature research | M M
(c) consulting people T T
3. PREDICTING "M M, S
4. HYPOTHESIZING M M, S (DR--Part B only=--had to
be completed before going
5. DESIGNING COLLECTION OF DATA to work bench. Part A
(a) defining variables M S design was given)
(b) defining experimental step§ M S Defines all steps in Part B
(c) equipment and techniques M M, S |Similar to Part A
(d) safety M, T | M, T
(e) method for recording data | M 3 Designs table
6., COLLECTION OF DATA
(a) setting up apparatus 5 5
(b) performing experiment S S Works individually
(c) modifylng procedures S
(d) Tepeating experiment M S Repeated at least 3 times
(e) recording data’ S S fables not provided -
7. OBSERVING AND OBSERVATIONS (OR had to be completed
(a) qualitative data S s before end of lab period)
(b) quantitative data S S (Buret teadings, not
(c) gathering specimens S S - lvolumes, had to be
(d) graphical data = “Irecorded)
(e) serendiplity
(f) accuracy of data
(g) Tellability and validity S S
ORGANIZING THE DATA
(a) ordering M S
(b) classifying M. M
(¢) comparing




" (a) increase confidence

200
TABLE 38 {Tont'd)

Lab M3

PIrOCESSES ALCHEM [REVISED ) COMMENTS

9. TREPRESENTINSG THE DATA
GRAPHICALLY
(a) graphs, diagrams, ...
(b) interpolating,
extrapolating

10, TRFATING THE DATA Stolchiometry was
MATHEMATICALLY difficult for some
(a)y calculating M M students
{b) using statistics M M
{c) uncertainty of results :

_ . (Lab manual stated what
11, INTERPRETING THE DATA data had to be processed)

{a) explanation of data M M

(b) generalization or
inferences . M M

(c) assessing validity of
predictions

12, TFORMULATING OPERATIONAL

DEFINITIONS
(a) verbal M M
(b) mathematical M M
13. EXPRESSING DATA IN THE FORM 7 .
OF A MATHEMATICAL RELATIONSHIP

14. INCORPORATING THE NEW
DISCOVERY INTO THE EXISTING
'THEORY

15. SEEKING FURTHER EVIDENCE TO: ;

(b) test generalizability

16. IDENTIFYING NEW PROBLEMS FOR
INVESTIGATIONS BECAUSE OF:
(a) effect of new varlables
(b) unexpected observatlons
(¢) inconsistencies in theory

17. APPLYING THE DISCOVERED
KNOWLEDGE

D ————————— e ——

TOTAL NUMBER OF SUBSKILLS 32 32

INITIATED BY STUDENT 8 19
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TABLE 39

Lab M4

201

LECTROCHEMICAL CELLS
Key: 5= initiated by £:;dent, T= guldance provided by teacher and
M= guidance provided by laboratory manual
PROCESSES ALCHEM| REVISED COMMENTS
1. IDENTIFYING AND FORMULATING
A, PROBLEM
(a) speculating M M
(b) identifying variables M M
(c) making assumptions M M
(d) delimiting problem M M
2, SLEEKING BACKGROUND INFORMATION
(a) recalling experiences M M
(b) dolng Iliterature research | M M
(¢) consulting people T T
3. ‘PREDICTING S S
. (DR had to be completed
In)
af HYPOTHESIZING 5 S before going to work bench)
5. DESIGNING COLLECTION OF DATA . '
(a) defining variables M M
(b) definling, experimental stepf N M, S
(c) equipmeht and techniques M M
(d) safety T T
{e) method for recording data | M S Designs table
6./ COLLECTION OF DATA
(a) setting up apparatus g 5
(b) performing experiment S 3
(c) modifylng procedures S Pb, Ag cells also tested
(d) repeating experiment S S (VIVM used Instead of
(e) recording data S 5 student meters on repeats)
7. OBSERVING AND OBSERVATIONS (OR had to be completed
(a) qualitative data 5 g before end of the period)
{b) quantitative data g S
(c) gathering specimens S S
(d) graphical data
(e) serendipity
(f) accuracy of data . Y v
(g) Trellablility and valldity S S
8. ORGANIZING THE DATA
(a) ordering M S
(b) classifyling, M 3
{c) compatring M M

]



TABLE 39

(Cont'd)

Lab M4

*

v

202

PROCESSES

IALCHEM

REVISED]

COMMENTS

10.

12,

13.

14,

16.

17,

L —— e

TOTAL NUMBER OF SUBSKILLS

-(a) explanation of data

REPRESENTING THE DATA
GRAPHICALLY
(a) graphs, diagrams, ...

{b) interpolating, --
extrapolating

TREATING THE DATA
MATHEMATICALLY
(a) calculating

(b) using statistics

(c) uncertainty of results

INTERPRETING THE DATA

{(Student# have to account
for the differences in

(b) generalization or,
inferences

EMF's predicted and
observed)

(c) assessing validity of
predictions

FORMULATING OPERATIONAL
DEFINITIONS
(a) wverbal . &

(b) mathematical

EXPRESSING DATA IN THE FORM
OF A MATHEMATICAL RELATIONSHIP

INCORPORATING THE NEW:.
DISCOVERY INTO THE ERISTING
THEORY

SEEKING FURTHER EVIDENCE TO: -,
(a) increase confidence ~{

(b) test generalizability

IDENTIFYING NEW PROBLEMS FOR
INVE?TIGATIONS BECAUSE OF:
(a) effect of new variables

(ayfunexpected observations
(t) inconsistencies in theory

APPLYING THE DISCOVERED
KNOWLEDGE

7]

2

33

INITIATED BY STUDENT

10

18

LY



TABLFE

40

203

Lab N1 BRONSTED-LOWRY REACTIONS
Key: 5= initiated by student, T= guidance provided by teacher and
"M= guidance provided by laboratory manual
PROCESSES ALCHEM{ REVISED COMMENTS
1. IDENTIFYING AND FORMULATING
A. TPROBLEM
(a) speculating M M
(b) identifying variables M M
(¢) making assumptlons M M
(d) delimiting problem M M
2. SEEKING BACKGROUND INFORMATION
(a) recalling experiences M M.
(b) doing llterature research | M M
{c)} consulting people T T ’
3. PREDICTING S s
4, HYPOTHESIZING M M
5. DESIGNING COLLECTION OF DATA (”:2t Egmzigtiégszsfﬁge
(a) defining varliables M M going ¢
(b) defining experimental stepf M 13
(c) equipment and tEChniques M M, S
(d) safety T T
{e) method for recording data M S Designs table
6. COLLECTION OF DATA
(a) setting up apparatus S S
(b) performing experiment S S
(e) modifying procedutes S (Additional species
(d) repeating experiment S tested)
(e) recording data S S Tables not provided
7. OBSERVING AND OBSERVATIONS (OR must be completed
(a) qualitative data S s before end of lab-.period)
(b) guantitative data S S
(¢) gathering specimens S S
(d) graphical data
(e) serendipity S Unexpected results lead
(£) accuracy of data M M to further discussion
(g) Tellability and validity S S ;
8. ORGANIZING THE DATA -Predictions and observa-
(a) ordering 5 .5 tions have to be ordered,
(b) classifying S S and classiried
(c) comparing S S




TABLE 40 (Cont'd)
Lab N1

204

PROCESSES

IALCHEM

REVISED

COMMENTS

10,

11.

12.

13.

1&.

15,

16.

17.

B e ——

REPRESENTIWG THE DATA
GRAPHICALLY
(a) graphs, diaprams, ...

(b) interpolating,
extrapolating

TRF&;ING THE DATA
MATHEMATICALLY
{a) calculating

(b) using statistics

(¢) uncertainty of results

INTERPRETING THE DATA
(a) explanation of data

M, S

Students have to disting-
uish between obsevations

{b) generalization or
inferences

and interpretatiohs

(c¢) assessing validity of
predictions

M

. FORMULATING OPERATIONAL

DEFINITIONS =
(a) verbal

M

{b) mathematical

EXPRESSING DATA IN THE TORM
OF A MATHEMATICAL RELATIONSHIP

INCORPORATING THE NEW
DISCOVERY INTO THE EXISTING
THEORY

SEEKING FURTHER EVIDENCE TO:
(a) increase confidence

(b) test generalizability

IDENTIFYING NEW PROBLEMS FOR
INVESTIGATIONS BECAUSE OF:
(a) effect of new variables

(b) unexpected observatlons

HCO. and B30, with Ph.

(¢) inconsistencies in theory

and”Bb respectively

APPLYING THE DISCOVERED
KNOWLEDGE

TOTAL .NUMBER OF SUBSKILLS

28

34

INITIATED BY STUDENT

11

19
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TARLE 41
-
lab K2 STANDARDIZATION TITRATION
Key: 5= initiated by student, T= guldance provided by teacher and
M= guidanc: provided by laboratory manual
PROCESSES ALCHEM{ REVISED COMMENTS
1, IDLNTIFYING AND FORMULATING
A. TROBLEM
(a) speculating M M
(b) identifying variables M M
(c) making assumptions M M
(d) delimIting problem M M
2. SEEKING BACKGROUND INFORMATION
* (a) recalling experiences M S Lab M3
(b) dolng literature research | y 3 KXLTHEM and Iibrary
(c) consulting people T T
3. PREDICTING
4, HYPOTHESIZING
(DR had to be completed
5. DESIGNING COLLECTION OF DATA before going to work bench)
"(a) defining variables M s
(b) defining experimental step$ y g Designs all steps
(c) equipment and techniques M 3
(d) safety ‘ T T '
(e) method for .recording data | M S Deslgns format
6.  COLLECTION OF DATA
. (a) setting up apparatus S s
(b) performing experiment S S
. (¢) modIfyIng procedures S
(d) repeating experliment M S
(e) recording data Y S
7. OBSERVING AND OBSERVATIONS (OR had to be comleted
(a) qualitative data 3 S before end of lab period)
(b) quantitative data 5 S '
(¢) gathering specimens S S
(d) graphlcal data
(e) serendipity
(£) accuracy of data S S Students have to obtain
(8) reliabi.l_it'.y and Valldity s S less than 10% error
B. ORGANIZING THE DATA
(a) ordering ™ s v
(b) elassifying M 3
(¢) comparing S 3




TASLE

41

(Cont'd)

Lab N2

206

PROCESSES

IALCHEM

REV1ISED

COMMENTS

9.

10.

11.

12,

- 13.

14.

15.

16,

17.

(T

<

v 0C) assessing validitf of

REPRESENTING THE DATA
GRAPHICALLY
(a) graphs,.diagrams, ...

Y

(b) interpolating,
- extrapolating

AN

TRFEATING THE DATA
MATHEMATICALLY
{a) calculating

From balanced, net equation

students have %9 find

[HC1] = 2«n(C0.%Y)/Vol(HC1)
P

{(b) using statistics

4

(c) unch;ainty of results

INTERPRETING THE DATA
(a) explanation of data

M

(b) generalization or
inferences

predictions

FORMULATING OPERATIONAL
DEFINITIONS
{a) verbal

{b) mathematical

EXPRESSING DATA IN- THE FORM

OF & MATHEMATICAL RELATIONSHIP

INCORPORATING THE NEW

 DISCOVERY INTO THE EXISTING

THEORY

- SEEKING FURTHER EVIDENCE TO:

(a) increase confidence

(b) test generalizability

IDENTIFYING NEW PROBLEMS FOR
INVESTIGATIONS BECAUSE OF:
{a) effect of new variables

(b) unexpected observations

(c) inconsistencies in theory

APPLYING THE DISCOVERED
KNOWLEDGE @

TOTAL NUMBER OF SUBSKILLS

30

INITIATED BY STUDENT

22

.
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Lab

Key

TABLE 42

N3 ‘ " TITRATION - NHj

=X
1

207

= initiated by student, T= guidance provided by teacher and
guidance provided by laboratory manual

PROCESSES

ALCHEH

REVISED

COMMENTS

8.

IDENTIFYING AND FORMULATING
A. PROBLEM
(a) speculating

(b) identifying variables

(¢) making assumptions

(d) delimitIng problem

ZR=E =

XXX |= .

SEEKING BACKGROUND INFORMATION
(a) recalling experiences -

w

Lab M3 ahd Lab N2

{(b) doing literature research

w

(c) consulting people

PREDICTING g
HYPOTHESIZING

DESIGNING COLLECTION OF DATA
(a) defining variables

(Must complete the DR -
before going to the lab
bench)

(b) definlng experimental step}

{¢) equipment and technlques

(d) safety

(e) method for recording data

jcq o] gl fcg fod

P |[»nin

Deslgns tormat

COLLECTION OF DATA
(a) setting up apparatus

(b) performing experiment

(¢} modIfying procedures

(d) Tepeating experiment

(e) Tecording data

|=|n|nin

OBSERVING AND OBSERVATIONS
(a) qualitative data

wn|wnjunngn

{OR must be completed
before end of lab-
period)

(b) quantitative data

{c) gathering specimens

Wnjnin

v

(d) graphical data

(e) serendipity

(f) accuracy of data

Percent error had to be

(g) Tellabllity and validity

W

less than 87

ORGANIZING THE DATA
(a) oxdering

(t) claselfying

(c) comparing

wnin|n




TARLT 42

‘Cont'd)

Lab N3

208

PROCESSES

ALCHEM

REVISED,

COMMENTS

9. REPRESENTINZ THE DATA
GRAPHICALLY
(a) graphs, diagrams, ...

(b) interpolating,
extrapolating

10, TREATING THE DATA
MATHEMATICALLY
(a} ealculating

M, S

From balanced net equation
students have to determine

{b) using statistics

[NHG] = [HC11(Vol-HC1)/10

(e¢) uncertainty of results

11. INTERPRETING THE DATA
{(a) explanation of data

Students have to show that
pH at the end point is

.(b) generalization or
inferences

within the pH range of the
indicator used

(c) assessing validity of
predictions :

12.° FORMULATING OPERATIONAL
DEFINITIONS
{(a) verbal

{b) mathematical

13, EXPRESSING DATA IN THE FORM
OF A MATHEMATICAL RELATIONSHIP

14, INCORPORATING THE NEW
DISCOVERY INTO THE EXISTING
THEORY - ,

15. SEEKING FURTHER EVIDENCE TO:
(a) increase confidence

{b) test generalizability

16, IDENTIFYING NEW PROBLEMS FOR
INVESTIGATIONS BECAUSE OF:
(a) effect of new variables

(b) unekpected observations

(c) inconsistencies in theory

17.. APPLYING THE DISCOVERED
KNOWLEDGE

TOTAL NUMBER OF SUBSKILLS

30

30

INITIATED BY STUDENT

14

22




TARL

T 43

COMMON ION EFFECT

209

Lab N4
Key: S= initiated by student, T= guidance provided by teacher and
M= guidance provided by laboratory manual v
4 '
) PROCESSES ALCHE{| REVISED COMMENTS
1. i?hNg;g{igg AND FORMULATING 53 *This experiment is not
included in ALCHEM 30
(a) speculating S
(b) identifying variables S The problem had to be
(c) making assumptions S Tdentified
(d) delimiting problem
2. SEEKING BACKGROUND INFORMATION An Inventory of Processes
(a) recalling experiences s in Scientific Inquiry
(b) doing literature research 3 KLCHEM and Iibrary
(c) consulting people S ;
3. PREDICTING S
4, HYPOTHESIZING S
- {DR had to be completed
DESIGNING COLLECTION OF DATA before poing to work
(a) defining variables ) bench)
(b) definlng experimental step$ S g
(c) equipment and techniques S
{d) satety
(e) method for recording data S Designs format
A Y
6. COLLECTICN OF DATA
(a) setting up apparatus s
(b) performing experiment S
(e) modIfyiIng procedures S
{¢) repeating experlment
(e) recording data 1 s
7. OBSERVING AND OBSERVATIONS (OR had toibe completed
(a) qualitative data 5 before end of the period)
(b) quantitative data S
(c) ‘gathering specimens 3
(d) graphical data
(e) serendipity
(£) accuracy.of data
() ;

reliablility and wvaiidity

ORGANIZING THE DATA
(a) ordering

(b) classifying \

(c) comparing




TABLL 43

(Con

Lab N4

t'l

210

PROCESSES

ALCHEM

REVISED

COMMENTS

9.

10.

11.

12,

13.

la,

15,

16,

17.

REPRESENTING THE DATA
GRAPHICALLY
(a) graphs, diagrams, ...

() interpolating,

extrapolating

TREATING THE DATA
MATHEMATICALLY

(a) calculating ]

(b) using statistics

(¢) uncertainty of results

INTERPRETING THE DATA .
(a) explanation of data

Le Chatelier's Principle
or equilibrium constant

(b) generalization or
inferences

method had to be used

(c) assessing validity of
predictions

FORMULATING OPERATIONAL
DEFINITIONS
{a) verbal

(b) mathematical

EXPRESSING DATA IN THE FORM

OF A MATHEMATICAL RELATIONSHIP l

INCORPORATING THE NEW
DISCOVERY INTO THE EXISTING
THEQRY

S?EKING FURTHER EVIDENCE TO:
{a) increase confidence

(b) test generalizability

IDENTIFYING NEW PROBLEMS FOR
INVESTIGATIONS BECAUSE OF:
(a) effect of new variables

(b) unexpected observations

{(c) inconsistencies in theory

APPLYING THE DISCOVERED
KNOWLEDGE

T

TOTAL NUMBER OF SUBSKILLS

31

INITIATED BY STUDENT

25

- xt
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CHEMISTRY 30 - LABORATORY INVESTIGATIONS

PREFACE

.‘a_;!,, .

In laboratory work‘the student may be given varying amounts of
instruction or guidance by the laboratory manual and by the teacher.
In Chemistry 30 you will be doing experiments in which you will have
to do more of the planning such as designing experimental steps,
‘tabulating observations, and interpreting data. The first labor-
atory experiment in each unit will contain considerable direction,
but in subsequent experipents. you will be given less guidance.
Indeed, this year, one of the major objectives of the laboratory work
is to learn how to use such scientific process skills as designing
experimental steps, tabulating observations and interpreting data.
This is not necessarily easy to do, but you will probablnggver learn '
these important skills if you are not given the opportunity.

In each experiment you will be given a problem (PURPOSE), and
in order to solve the problem you will require background infor-
mation, some of which will be provided in ALCHEM, some in the classroom,
and some in the PRELAB INFORMATION.

The laboratory report, explained in greater detail on the next
page, consists of three parts: Design, Observation and Final Reports.
The Design Report is due at the beginning of the laboratory period,
the Observation Report is due at the end of the period, and the Final
Report within two days.



1

3.
(4.
5.

LABORATORY REPORTS T 214
DESIGN REPORTS (DR) ( 5 marks )

The DR should be original and within the 1limitations given.
Experimental steps are to be expressed both quantitatively and
qualitatively. o

Quantitative statements are to be expressed to the correct number
of significant figures. These are dictated by the limitations of
the equipment. ’

OBSERVATION REPORT (OR) . 5 marks .} .
s
The OR must show evigence of organization and structure.
Data are to be tabulated (matrix, heading, subheadings, etc.)
Each trial or experiment is to labelled.
Recorded data are to be consistent with the DR,
Data are to be expressed to the correct number of significant
digits.
Changes in experimental procedure different from the design should
be included at the end or on the back of the OR.

FINAL REPORT (FR) ( 10 marks )

This report is an interpretation of your data and an assess-
ment of the extent to which the purpose of the experiment was .
achieved. Specifically, the report -should include the following:

l. Equations for all reactions

2., Answers to all questions in the exercises of the. experiment

3. Calculations for each trial including sources and amount of
error

4, Only a single determination whlch should be an average value
for all trials

5. Only a single per cent error baeed on the average determlnation
and the accepted value, whenever possible

6. A brief outline of all formulas (includirng units for each
symbol) and principles underlying the{experiment (Theory) -
The interpretation ;hould include a discussion of findings:

explanation, generalization, validity of assumptions, delimita-

tion, omissions, and general comments about the quality of your "
work.

. Design steps and recorded data need not be included in this
report since these are in the DR and OR. ~ ) -

1 R -~
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SAFETY AND EFFICIENCY IN THE CHEMISTRY LABORATORY

Every student should know where the following are located:
(When to use and how to use will be explained in class).

a) Fire extinquisher (next to main blackboard)

b) First-aid Kit (above paper towel dispenser)

¢) Safety goggles (last drawer next to NW door)

d) Eye wash bottle (inside of Chemical Storage Room door)

e) Rubber bands for long hair (inside of C.S.R. door)

f) Sodium bicarbonate NaHCO3 for acid burns and spills (outside
of C,5.,R. door)

g) Boric acid solution for base burns and spills (outside of
€.S.R. door) '

Check wall charts for the use of bunsen burner, balance,
pipet, and correct boiling techniques. )

Broken pglass is to be placed in the metal garbage cans. The
plastic containers are to be used for all other insoluble wastes.

All students are to wear safety goggles if there is a danger to,
the eyes. '

All students will wear protective clothing during eveEF lab

~gession. (Lab coats, jackets, or oversize white shir

L

Chemical spills on face or hands should be flushed immediately
with plenty of water. (Li, Na, K, etc. are, of course, exceptions)

Students in Grades X and XI are not to remove equipment from lab
Boxes A or E., Grade XII students are not to remove equipment
from Lab Boxes B, C, or D.

No solid materials are to be put down the sinks. (e.g. matches,
cotton batting, broken glkass, etc,)

Students are to clean Qip after each lab. The work area should
not be cluttered wi test-tubes, racks, beakers, graduate
cylinders, etc.

Students ﬁorking next to sinks are responsible for cleaning them
after each lab period. Special cleaning materials are available
for difficult stains.

Lab boxes are to be locked after each lab period.

Students are not permitted into the Chemical Storage Room.

. Asbestos pads and large retort stands are to be left out on the

laboratory tables while all other materials should be stored.

The chemical balancés should not be moved about (otherwise Ehey
must be recalibrated), nor should any chemical be placed directly
on the pans (always tare). Please return the weights.
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MOLAR HEAT OF A CHEMICAL CHANGE

*, PURPOSE:
' To detérmine the molar heat of a chemical reaction., Specifically,
you are to measure experimentally the molar heat of reaction for NaOH
in the neutralization reaction with one of the strong acids avail-

S
able (stoa’ HNO3 or HC1).

PRELAB INFORMATION AND BACKGROUND THEORY:

- ..Z . a9
Before attempting lab L1 laboratory exercise the following pre-
lab information must be covered. (classroom, 1ibréry, Alchem home-

work, etc.)

a. laws of thermodynamics, p. L6
b. specific heat (¢), p. L7

c. m-c-fAt change, P L8, L9, Li6
d. molar heat of a chemical change, pLl5, Ll6
e. use of a calorimeter

f. use and limitations of measuring instruments

: _ N
i) graduate cylinder - 0.1 ml
+
ii) thermometer T 0.1%
cian 7 +
iii) balance (Rm 11) =~ 0.01 g

’

The Section on Molar Heats of Reaction of page L16 explains how
to measure the energy released or absorbed during a chemical change.
In this experiment the amount of énergy produced by the neutralization
is determined by calculating the heat energy change (ﬁ-cuﬂp)-of the ‘
resultant mixture of acid and base. In her words, it is not neces-
‘sary to put'water in the calorimeter apizze'oufget; but, rTather,
the salt solution produced by the neutralization of the acid and\
base is the water in the calorimeter (page L16).

The heat of reaction will be measuréd for the neutralization of
1.0 mol/L acid with 50 ml of 1.0 mol/ﬁ\NaOH using two nested
styrofoam cups as a simple but efficient calorimeter. The heat.

produced by the neutralization reaction will heat & measured amount
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of aqueous solution in the calorimeter. Unless directed otherwise
by -the teacher, the assumption is made that small losses to the
calorimeter, air and the thermometer will be ignored. Also assume
that the solutions used and produced have a specific heat of
4.19J/g°C and a density of 1.00 g/mL 5 .

S

PRELAB EXERCISES:

a) Write balanced cﬁemical equations for the reactlons between the
Substances you have chosen, Use simplest whole number coeffi-
cients. '

" b) Calculate the volume for each species you intend to use.

MATERIALS : |
The following are available: (Other materials are permitted
if available and can be safely used.)
Styrofoam cups NG
NaOH( aq) 1.0 mol/L
-H S0 1.0 mol/L . -

2% 4(aq)
HNO 1.0 mol/L

3(aq)

HC1 1.0 mol/L

(aqg) -

Celsius thermometers

FROCEDURE AND OBSERVATIONS:

Design and perform an experiment which will enable you to
measure the amount of heat produced per mole of NaOH durlng the

neutralization of thls base with any strong acid listed above,

CALCULATIONS: .

1. Calculate the molar heat.of reaction for NaOH(aq). Show all work.
2. Calculate the %Z error. (The accepted value for NaOH for this
neutralization reaction is -57kY}/mol.)

3. _Determlne the molar heat of reaction for water and H,SO

2504 caq) 1®

this neutralization‘xeaction.

INTERPRETATION:

See bottom of p.2, Laboratory Reports.
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MOLAR HEAT OF VAPORIZATION
PURPOSE: To calculate the molar heat of vaporization of water.

PRELAB INFORMATION:

) Heat distilled water in a large test tube untll it boils. Do
not connect the delivery tube to the calorimeter during the
boiling process. Once steam is being generated, connect the -
tube to the calorimeter with the thermometer in place and
continue boiling until the temperature of the calorimeter
water increases. At this point carefully remove the tube
feeding the calorimeter and record the maximum temperature of
the water in the calorimeter, stirring constantly with the
thermometer. Other safety precautions will be given on lab
day.

MATERIALS:
See page 6 for a diagram of the apparatus, : =

PROCEDURE:

Design an experiment to measure the molar heat of vaporization
of water., Take into . account the instructions under "Frelab
Information" and the diagram on page 6.

t—

CALCULATIONS:

'Compute the molar heat of vaporization of watér, compare with~
the value in the Data Sheet and determine the per cent error.

INTERPRETATION:

See bottom of page 2 of Laboratory Reports in this manual.
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MOLAR HEAT OF VAPORIZATION APPARATUS
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MOLAR HEAT OF A PHASE CHANGE

PURPQOSE: '

To determine the molar heat of melting for water.

PRELAB INFORMATION AND BACKGROUND THEORY:

In this lab you are trying to discover an experimental value for the
molar heat of melting (fusion) for water,

The molar heat of fusion of ice, which is an example of the molar
heat of a phase change, is the amount of heat required to melt one mole
of ice without a temperature change. It is not necessary to use exactly
one mole of ice to find this change. In this lab one ice cube will do
nicely. Of course its mass will have to be determined.: Also, the ice
‘cube will melt faster if it is crushed and less heat will be absorbed
from’ the environment. '

Calorimeters are used to measure the amount of heat absorbed or lost
during an energy change. In this experiment the styrofoam cup is the
insulated container. A known mass of witer is placed in the cup and its
‘ temperature is recorded: The ice will have to be dropped into the cup,
g0-allow sufficient space for the ice. The temperature of the water
should be adjusted s0 that its temperature is a little higher than room
temperature, (say, 30° C) Why?

The details of how you are to manage these procedures is left up to
you. Be specific and especially quantitative.,\Just remember anyone
reading your directions should be able to .duplicate your results. This
will require some careful design on your part so that on lab day things
will go smoothly. However, while performing the experiment if you Tealize
that your design is not sound, stop and modify it. Make sure you Tecord
all changes,

MATERIALS:

You may use any material or apparatus in your laboratory boxes or
any materials which are available in the chemical stores (these must be
determined beforehand and be approved by the teacher). '

t

PROCEDURE:

. State the experimental steps you intend to use. Be specific about
data collected, i.e., state mass, temperature, etc,

r

CALCULATIONS .
Calculate the molar heat of fusion of ice,

INTERPRETATION:
1. State to what extent the purpose was achieved
2. Discuss how you can improve the value .you obtained.
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ELECTROCHEMISTRY -~ AN INTRODUCTION TO REDOX

PURFOSE: o

1. To determine experimentally whether or not a reaction occurs when
certain metals are placed in aqueous solutions containing certain
metallic ions. ’

2. To compare the relative tendencies of metals to react with metallic
ions in aqueous solution and conversely to compare the relative
tendencies of metallic ions in aqueous solution to react with metals.

’ . ' ‘ ‘

PRELAB INFORMATION AND‘BAbKGROUND THEORY :

Chemical reactions which occur on their own, without the input of .
additional energy, are termed spontaneous. In this lab it is determined
experimentally whether ¢ertain single replacement reactions are spontaneocus
or nonspontaneous. In each of the following situations write balanced
equations to represent the reaction expected. Use subscripts to indicate
the' state of matter of each species. - All the metal strips are free of
oxides and all the solutions are aqueous. See ALCHEM 20 Unit I and
Review Unit K for writing net ionic equations.

1. A copper strip is placed in a solution of lead (II).nitrate.

2., A copper strip is placed in 2 solution of silver nitrate.

3. A zihé strip is placed in a solution of copper (II) nitrate, -
4, A ziné strip is placed in a solaﬁion of lead (II) nitrate.

5. A zinc strip -is placed in a solution of silver nitrate.

6. A lead strip is placed in a solution of copper (I1) nitrate.

7. A lead strip is ﬁlaced in a solution of zinc nitréte.n

8.. A lead strip is placed in a Folution of silver nitrate.
9. A silver étrip is placed in a solution of copper (II) nitrate.

10. A silver strip is placed in a solution of zinc nitrate,

11. A silver strip is placed in a solution of lead (II) nitrate.
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_MATERIALS:

Four strips of each of the metals: Cu, Zn, Pb, and Ag.

15 ml of 0.10 mol/L: Cu(N03)2, 2n(N03)2, Pb(NOB)z, AgNQj

PROCEDURE :

Design your own experiments to investigate the reaction of the metal
strips on the solutions provided. Make sure each metal strip is cleaned
to remove any surface coatings. All possible combinations should be
tried.

OBSERVATIONS:

Tabulate your observations. Your table should indicate any evidence
of a chemical change. Refer to the prelab exercises.

P

INTERPRETATIONS (QUESTIONS):

1. Go back to the equations in the Prelab Information and indicate which
reactions are spontaneous and which are nonspontaneous by writing
spont or nonspont on the net ionic equation.

2. What generalization can be made about the reattlon between a metal
and 1ts own aqueous ion? :

3. 1If the forward reaction is spontanecus will the reverse reaction also
be spontaneous? Explain. .

4, List the metallic ions in order of their tendency to form metals,
from greatest to least. (Place the ion which reacted with the most
number of metals at the top of the list and the ion which reacted °
with the least number of metals at the bottom of the list.)

5. List the metals in order of their tendency to form positive ioms,
from greatest to least. (Place the metal which reacted with the
most number of ions at the top of the 1list and the metal which
\reacted with the least number of ions at the bottom of the 1list.)

6. What generalization would enable you to predict the spontaneity of
a reaction? Construct a table from which this generallzatlon can
readily be seen,

7. Other conclusions, explanations, generalizations, etc.
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ELECTROCHEMISTRY - SPONTANEQUS REACTIONS

PURFPOSE:

1. To determine experimentally which combinations of given solutions
will react spontaneously. '

2. To determine the relative strengths of the oxidizing agents (0A) and
reducing agents (RA) determined in No. 1 above and place the agents
correctly in a table similar to the Reduction Potential Table in
ALCHEH (see Data She Sheet, Table 4, side 1). z

PRELAB INFORMATION:

This laboratory experiment is similar to Lab ML. You will be given
on lab day six chemical species (different from those in Lab M1) and be
required to determine experimentally which pairs react spontaneously.
You will need to tabulate data in an organized fashion so that the
relationships mentioned in the Purpose above can be found. Review
Lab M1 and' ALCHEM NOTES pp. M5, M6, M8, M9, M10. VNote especially step 5,
p. M10O. ‘

MATERIALS:

. Chemical species A, B, C, X, Y, Z, and other necessary materials.

4

PROCEDURES AND OBSERVATIONS:

1. Color tests to identify and distinguish each of the species in this
experiment will be demonstrated on lab day.

2. The Observation Report should indicate. ev1dence for a chemical change
in each case.

INTERPRETATIONS:

Give a brief exﬁlanation of your findings. Both parts of the Purpose
(1 and 2 above) can be answered by placing the agents A, B, C and X, Y, Z
in a table similar to the one obtained in Lab M1,
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REDOX TITRATION
i

PURPOSE . - . _ S

|
. L
1. To prepare a standard iron (II) solution u;épg the primary standard,
iron (II) ammonium sulfate hexahydrate (FeSU, . (NHQ)ZSOL' 6H20).

2. To determine the molar concentration of an aqueous potassium
permanganate solution, ’ '

“-‘.:f‘

PREIAB INFORMATION:

. Aqueous solutions of KMnQ, are frequently used in redox titration

because the Mnogka g ion is a strong oxidizing agent in acidic-solution.
The MnOJka ion'#dacts rapidly and. stoichiometrically in acidic
solution aﬁa undergoes a convenient color change which indicates the end
point ‘of the reaction. ) -

However, KMnO,k can not be used as a primary standard because its
aqueous solutions become somewhat decomposed right after preparation.
The instability of a freshly prepared MnO&' solution is caused by
organic matter contained in the distilled Sg§gr. Some of the HnOZ‘ :
ions decompose while oxidizing this organic matter. It is necessaé?ggo
prepare a MnQ,” jon solution of approximately the desired strength,
let it stand %S%gg day or two, then standardize it against a primary - .
standard reducing agent. In this lab a solution of the primary standard,
FeSOQ-(NHa)zsoa 6H.0, will be prepared and used to standardize a
previously prepared solution of Hﬂoz.

PRELAB EXERCISE: ’ _ ’ .

Y

1, Calculate the mass of FeSOa-(NHQDZSOA-GHZO required to make 100 mL
of 0.0500 mol/L solution. :

2., Write the balanced net ionic equation for the Teaction of
Fesod (Hﬂg)zsod 6H20 and KMnOa in an acidic solution.
MATERIALS: *

FeSOd (NH,),S0,- 6H.0

§72°74 727 (s) ; "1 - medicine dropper
1 - 100 mL volumetric flask \ﬁ 1 - small pipet builb
1 - 250 mL Erlenmeyer flask 1 - stirring rod ' .
1 - 50 mL buret- 1 - 10 mL graduated cylinder
1 - 10 mL pipet 1 - shortstemmed funnel oo
1 - meniscus finder 'KMnOa(ag)of unknown concentration

stock solution of 3 mol/L stoa(ag)
e - .

al



X | 225
LAB M3 (Cont'd) ’

PROCEDURES AND OBSERVATIONS:

Part A:
LN .
1. Use a balance and a piece of paper to obtain the mass of
Fes0 (NHA)ZSOQ.GHZO(S) determined in the Prelab Exercise.

2. Use a 100 mL beaker to obtain about 40 mL 3 mol/L HZSOa(aq)'
3. Transfer the FeSOa-(NHa) SOa‘6H20 s to the beéaker containing 40 mL
of 3 mol/L H.50 % . “sfir®the’niSture until all the

2.~ 4(ag)

LfeSUx (NHq)z soq-%ﬁzo(s) has dissolved. R;nse the stirring rod into

the beaker.

4., Use the funnel to_ transfer the FeS0,. (NH,)_SO . 6H_ 0 solution from

the 100mi. beaker to the 100 mL_volumetrig %lagk. Rinse the beaker
into the volumetric flask.

5. Use the distilled water to dilute the solution to exactly 100mL (Use
a meniscus finder and a medicine dropper.) Mix thoroughly by
inverting the volumetric flask several times.

6. Obtain about 70 mL of KMnOa(aq) solution of unknown conééh{%ation.

7., Clean and rinse the 50 mL buret and funnel with 2 or 3-5 mL portions
“of the Kin0, solution. Fill the buret and record the initial
buret readinéagg the permanganate solution to the nearest 0.1 mL.
(Note: Use the upper edge of the meniscus since the bottom of the
meniscus is obscured.)

8. Rinse a 10 mL pipet with water and then with iron (II) solution from
the volumetric flask.

9. Pipet 10.0 mL of the standard iron (II) solution into a clean 250 mL
" Erlenmeyer flask. :

10. Place a piece of white paper under the Erlenmeyer flask so the color
of the solution can be seen better. Vo,

Il. Titrate the sample of igon (II) salt solution with the permanganate
solution. Swirl the solution in the Erlenmeyer to ensure complete
mixing. ‘ .

(When a single drop brings about a faint persisting pink tinge in the
liquid, the endpoint has been reached.)

12. Record the final buret reading.
13. Repeat Steps 9-12 two more times, \\\

14. When finished rinse all glassware with tap water,
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PART B: -

PURPOSE:

- . .
To determine the concentration of a hydrogen peroxide solution by
using the standardized KMn0O, solution from Part A.

4
MATERIALS:
1 - 50 mL buret KMRO, (Standardized in Part A)
~1.- 10 mL pipet H

2'02 (aq) unknown concentration

'PROCEDURES AND OBSERVATIONS:

1. Desipgn your own experimental steps to determine the concentration of
the H202 solution. Use techniques similar to Part A.

2. Use 10 mL aliquots of the unknown hydrogen peroxide in an Erlenmeyer
flask and titrate with the potassium permanganate solution whose
concentration was determined in Part A.

-3. Record all observations.,

"\ CALCULATIONS: (Part A and Part B)

i. Show calculations for the molar concentration of the KMan solution.
(Part A) . ‘

2. Show calculations for the molar concentration of the,HZO2 solugion.
(Part-B) .

INTERPRETATIONS AND QUESTIONS:
’ 1. Discuss your findings for Part A and Part B.

X . + .
\\ 2. What is the purpose of adding H.S0, to the Fe2 solution before
X . : ; 2774
* titrating with thOa(aq)?

3. Why is HZSOA not added to the KMnOa solution as a prepared reagent?
- ’

—
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ELECTROCHEMICAL CELLS

-

PURPOSE:

1

1." To predlct the voltage and direction of electron flow of various
electrochemical nells.

2. To cons;rug{ and measure the E M F of various electrochemical cells.

-4

PRELAB INFORMATION:

A number bfwxlgctrochemical cells will be constructed in the lab.
Use the electrocheRical cell diagrams on the next three pages to analyze
the following cells“yhich will be constructed in the laberatory. The

0.10 mol/L solutions used.are ZnSOa(aq); CdSOa(aq),CuSOQ(aq) and K2Cr207.
1. 2n /2n f/Cr 02 HY »/C
(s) aq) 2 7(aq)’ (aq)?’ “(s)

o gyrea® ! 16130 7caq>' “(aq)*’ccs>

' 2+
3 CuggffuT 108,05 Hea) /o)

2+ 2+
4. AZn(S)/Zn (aq)//Cu (aq)lcu(s) 5
. gl (aq)//Cdz( /%
6 Cd(s)/ (aq)// u ( q)lcu(aq)

Example: The shorthand notation used aQove is designed to convey the
essential information about an electrochemical cell.

2+ - 2- + ’
Zn(s)/Zn (aq)// Cr207(aq)’ H(aq)’ / C(s)

N

e

contents ) ) contents of the inert
of 6ne” other half-cell electrode

half-cell ’ ..ﬁ/ud

A solidus (/) is used to separate the formulas for chemical species
which are in different phases. A comma (,) i& ysed 'to separate the
formulas for chemical species which are in the same phase. A double
solidus (//) is used to represent a salt bridge or a porous cup.
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-

MATERIALS: e’

Strips of Cd, Cu, Zn{ Ag, Pb ) RZCr207( ),(0.13 M);

DC voltmeter, VOM or VIVM CdSOa,\CuSOa, AgNOBi_Pb(NO3)2,
Y . 5 . Y

H2§Oh(aq) 6.0M . ZnSOq {all solgt1ons are 0.10M)

PROCEDURES:

1. Design electrochemlcal cells using all posslble combinations with the
available metals and solutions,

2. Determine which electrode should be the anode for each cell.

4, Construct®six of the cells which you designed;in No. 1 and measure
the EMF of each cell. : . :

4. Record all neceséary ekperimental steps. These should be sufficiently
complete and clear to enable someone else to duplicate the experiment.

5. For.each cell indicate how the voltmeter is to be connected.

6. Unless the VIVM is used (very little current is drawn by this meter),
the voltmeter should be connected only long enough to obtain a reading.
The solutions used in this way are thereby affected very little and may
be used again by you, but do not return the solutions to:the reagent
bottles.

N . r
\‘\

OBSERVATIONS:

-:Tébulate data for all electrochemical cells measured. Use the
shorthand notation illustrated on page M26, and indicate in your report
the anode electrode, the predicted EMF; and the actual observed EMF,

. INTERPRETATIONS: : . ’

1. Compare predlcted EMF's w1th observed EMF's by calculating the \/ ,//
““percent error of each cell. -

2. Ab;oﬁnt for the differences. ‘ -

3. Write balanced net equations for each cell reaction.

Q

Vo

‘/.
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BRONSTED - LOWRY REACTIONS

PURPOSE:
To illustrate that the results of an acid- base reactlon can be predicted
by Bronsted-Lowry Theory.

PRELAB EXERCISES:

Fbr each reaction below predict the products and state how you would
detect these products (observation) if the reactions were performed. WRITE
NET IONIC EQUATIONS and show by means of the system.of arrows whether the
forward or reverse reaction is favored as equilibrium is being approached.
(See Table 8 on the ALCHEM data. sheet.)

+

1. An ammonium chloride solution is mixed with a sodium hydroxide solution.
2. Aqueous solutrions of sodium acetate and hydrochloric acid are mixed.

3. A sodium hydrogen carbonate solution reacts with a sodium hydrogen
sulfate solution.

4. A sodium benzoate solution is mixed with a sodium hydrogen sulfate

SOlUtlon. (hint for observation: See p. N27, ALCHENM) .

5. A methyl orange solution, Mo (aq), is put into a hydrochlorlc ac1d
solution. -

6. A bromthymol blue solution, Bb (aq) is mixed with a sodlum hydrogen
carbonat% solution. :

_,—/ . .
7. A phénoiphthalein solution, HPh(aq), is added to NaOH solution.
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'MATERIALS:

s

1. NHAC1, NaOH, NaCH
(A1l 0.50 mol/L).

3COO, HC1, NaHSOA, NaC_H_C00, and NaHSO3

65

2. Indicators: methyl orange (Mo~ form), bronthymal Blue (Bb~ fomn%,
and phenolphthalein (HPh form). ’ : .

PROCEDURES :

1. Design experimental steps and tabulate observations for each reaction
"given in the Prelab Exercises 1 - 7. The products of the reactions in
the Prelab Exercises should provide clues for the predicted observations.
Restrict samples of solutions to approximately 5 mL.

2. Add a.few drops of each indicator (HPh, Mo , and Bb ) to small samples

of HCL, NaHFUJ, ~aOH, NaCGHSCOO, N§H503, NaHSOq,‘NHaCI, and NaCH3COO.

OBSERVATIONS:

Tabulate all predictions and observations. -

INTERPRETATION: . ’ \ .

1. Compare predictions with observations for all exercises, List and
discuss any conflicting observations and write equations for all
reacrions.

i

2. Explain why all indicators do not show a change.

—~

L



-f in laboratories are HCl AD NaOH

N

: - 231
LAB N2

. STANDARDIZATION TLTRATION

" PURPOSE:

To standardlze a hydrochlorlc ac1d solution with the primary standard

Na CO3

" PRELAB INFORMATION: a
The reagents most often used as acid and base of standard cpncentratlon .
They are both quite stable,
inexpensive, and easy tS 8%epare. nggaer, neither in a primary standard
(i.e., one from which a solution of known concentration can be prepared to
high accuracy). HC1l is paseous in a pure state and commercially sold
solutions vary in concentration. NaOH is a deliquescent solid which means
it will attract and absorb moisture from the air until it becomes a solution.
The absorption of water by NaOH is so rapid that the mass of a sample of- pure
NaOH cannot be determined accurately. ’

_ In this lab the concentration of solutions of HCl and NH

will be-determined accurately' by first titrating a pr1$ %} standar& gglutlon
of Na,CO, with the HCl(aq) and then titrating the NHB(a ) with the
_Standardlzed HCl(aq)' ‘ 9

Na C0, is a primary standard because the solid can be obtained in a
very pure %orm and overnight heating will expel any absorbed water vapor.
The pure solid Na CO, can then be used to prepare a solution of known
concentration 51nce ghe mass of a gample of the solid can be measured
very accurately. -~

MATERIALS:
stock supply of HCI( aq)

stock bottles of Na C03( ) , .
50 mL buret . :
buret clamp
small short-stemmed funpgl -
100 'mL volumetric flask with stopper
© 10 mL pipet with bulb ;

methyl orange indicator

'
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PROCEDURE: /

In the laboratory this year you have been asked, in most of the
experiments, to design some of the experimental steps and to tabulate
observations. In tbAs laboratory exercise you are being asked to develop a
" complete experimenfal design. This design should include all experimental
steps, a tabulated format of observations and a comprehensive interpretation.
The lab will require careful measurements with the centigram balance and the
use of a pipet. Use the indicator methyl orange.

The stock HC1 acid has a concentration greater than 0.1M but less than
0.5M. You must, of course, determine the concentration of the HCl acid
accurately by ‘using a precise quantity of Na,CO, (primary standard). If yeu
find the mass of approximately 1.5 g (to the'nearest 0.0lg) of Na.CO, and
prepare a 100 mL solution of Na,CO, (using a volumetric flask) yolli will
have enough of the standard for several titrations. These directions are
only general guide lines. You will need to be more specific in outlining
_ experimental steps, and this will require some careful planning on your
part. :

-

OBSERVATIONS AND INTERPRETATIONS:

Tabulate the data from all titrations and determine the concentration
of the NCl as accurately as possible, This concentration will be needed
in Lab N3 to determine the concentration of ammonia.  Show all calculations.
*

LEY
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. LAB N3

TITRATION - NH3 : '

PURPOSE:

l.

233

To use the standardized solution of HC1l from LAB MZ to determlne the

. concentration of ammonia (NH ).

MATERIALS:
stpék bottles of HCL

(aq)
Stogk bottles\zf NHjCaQ) : -
- 50 mL buret ’

buret bfpsh . -
liquid soap

" ‘buret stand
buret clamp _
small .short-stemmed funnel
10 mL pipet with bulb
bromthymol blue indicétor

250 mL Erlenmeyer flask

PROCEDURE: =

Use the HC1 from‘lab N2 to titrate with 10 mL aliquots of NH
bromthymol blue gnggcator should be added to the ammonia-aliquot in t

+ The

e

_ titration flask (Erlenmeyer) and titrated with KCl until a permanent green.
color is reached. It is very easy to overshoot the green color. Perhaps

you should be prepared with an alternate plan.

OBSERVATIONS:

Tabulate all titrations.

INTERPRETATION:

1. Determine the concentration of the ammonia. -

2. Answer all questions on page N52 and disciss your findings.

3. Calculate the pH of the solution at the equivalence point and show
- it is within the pH range of the indicator used..

;that
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LAB N4 '
COMMON ION EFFECT
PURPOSE: -
To determine what will happen, if to a saturated solution of NaCl(aq)

a few drops of concentrated (12 M) HCL( aq) are added.

PRELAB INFORMATION: . ~ . ]

In the laboratory this year you have been engaged in processeé of
scientific inquiry (See the handout An Inventory of Processes in Scientific
Inquiry by M. A. May et al).

For this last laboratory experiment you are being asked to identify and
exhibit most of the process skills in the inventory. Here are steps you
should take into account. There may be others which you may want to add.

PROCESS SKILLS:

1. Speculate about the phenomenon and identify a problem (varlables,
‘ assumptlons, etec.)

2. Seek background information (notes, ALCHEM, etec.)

3. Predict. |

4. Hypothesize. )

5. Design experimental steps (state equipment,‘séquence steps)

"6. Indicate safetf precautions. ‘

7. Go to the lab bench and perform the experiment.

8. Record -all observations.

9. Identify failures, unexpected results, repeats, revisions, etc.

. 10. Process data,

11. Interpret data. T

12. Interpret data by assessing the validity of initial aséumptions,
predictions, and hypotheses.

13, Express the above interpretation of data verbally or mathematically.

14, State what further evidence is needed to substantiate your findings
or model,

15. State any applications for this knowledge.

REPORTS: _ -

- Your DR should refer to No. 1, 2, 3, 4, 5, and 6; the OR should refer
to No. 7, 8, and 9; and the FR should refer to No. 10 to 15.
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AN INVENTORY OF PROEESSES IN .SCIENTIFIC INQUIRY

By M. A. Nay, et al.

I. INITIATION

'10

.6.

Identifying and formulating a problem

(a) speculating about a phenomenon _

(b) identifying variables : N
(¢) noting and making assumptions

(d) delimiting the problem

Seeking background information

(4) recalling relevant knowledge and experiences
(b) doing literature research ’
(c) consulting people

Predicting

Hypothesizing
. \-”"‘—
Designing collection of data through field work and/or
experimentation .
(a) defining the indgﬁgkdent,‘dependent and controlled variables
(b) defining the pro¢eédure and sequencing the steps
{c) identifying needet equipment, materials and techniques
(d) indicating safety precautions

(e) devising the method for recording data

' II. COLLECTION OF DATA

Procedure

(a) collecting, constructing, and setting up the apparatus or
equipment

(b) doing field work and/or performing the experiment

(c) identifying the limitations of the design (as a result of
failures, blind alleys, etc.) and modifying the procedure
(often by trial-and-error) '

(d4) repeating the experiment (for réproducibility; to overcome

“ limitations of initial design, and more)

(e) recording data (describing, tabulating,,dlagrémming,
photographing, and so on)



7.

L

I1I.

IV.

.

PROCESSING DATA . )

" 8.

10,

.-

237

Observing and observations

(a) obtaining qualitative data (using senses)

(b) obtaining semi-quantitative and quantitative data
(measuring, reading scales, calibrating, countlng cbjects or
events, estimating, approximating)

(c) gathering specimens

(d) obtaining graphical data (charts, photographs, fllms, etc.d

(e) noting unexpected or accidental occurrences (serendipmty)

(f) noting the precision and accuracy of data :

(g) judging the reliability and validity of data

Organizing.the data : -

(a) ordering to identify regularities . ' q
(b) classifying -~ —
(c) comparing

Representing the data graphically

(a) drawing graphs, charts, maps, diagrams
(b) interpolating, extrapolating, etc.

—

Treéting the data mathematically

(a) computing (calculating)
(b) using statistics
(¢) determining the upcertainty in the results

CONCEPTUALIZATION OF DATA

11.

Interpreting the ggta

(a) suggesting an explanation for a set of data

{b) deriving an inference or generalization from a set of data

(c) assessing validity of initial assumptions, predictions,
and hypotheses

12, <§;rmu1ating operational definitions p .

13.

l4.

’

(a) verbal ' \
(b) mathematical

Ekpressing data in the form of a mathematical relationship
. . .

Incorporating the new discovery into the existing theory

(developing a “mental model")
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V. OPEN-ENDEDNESS

15, Seeking further evidence to

-

L, : _ (a) increase the level of confidence in the explanation or
0 : ' - generalization _ . .
;::} (b) test the range of applicability of the explanation or

generalization

16. - Identifying new problems for investigation because of

(a) the need. to study the effect of a new variable
.  (b) anomalous or unexpected observations
(c) incompleteness ("gaps") and inconsistencies in the theory
1%+ Applying the discovered knowledge .

a
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S\

INTERESTS

%

{The motivation for a person to become a scientist and continue

one. )

1.4

1.2

AN INVENTQRY OF AFFECTIVE ATTRIBUTES OF SCIENTISTS

By R. Crocker and M. A. Nay

-

f‘.
Understandlng natural phenomena

1.11 Curiosity —
1.12 Fascination
1.13 Excitement
1.14 Enthusiasm

Contrlbutlng to knowledge and “Tuman welfare

1.21 Altruism
1,22 Ambition
1.23 Pride

1.24 Satisfaction

OPERATIONAL ADJUSTMENTS

and performance at recognized standards.)

2.1

[
.
[A¥]

2.4

Dedication or commifment

2.11 Perseverance (persistence).
2.12 Patience

2.13 Self-discipline

2.14 Selflessness

2.15 Responsibility

2,16 Dependability

Experimental requirements

2.21 Systematism (methodicalness)
2.22 Thoroughness-

2.23 Precision

2.24 Sensitivity

2.25 Alertness for the unexpected

. c s . N,
Initiative and resourcefulness

2.31 Pragmatism (common—sense>\w/"
2.32 Courage (daring, venturesomeness)
2.33 Self-direction (1ndependence)
2.34 Self-reliance

2.35 Confidence

2,36 Flexibility

2.37 Aggressiveness

Relations with peers
2.41 Cooperation

2.42 Compromise

2.43 Modesty (humility)

2.44 Tolerance

e’

242

to be

- (Primary behaviors which underlie competence and success in science,



|
ATTITUDES

OR INTELLECTUAL ADJUSTMENTS

{Intellectual behaviors which are foundational to the scientist's
contribution to or acceptance of new scient1f1c knowledge.)

3.1 Scientific integrity

S.1L
3.12
3.13
3.14
3.15
3.16

Objectivity

Open-mlndedness

Honesty

Suspended judgment (restraint)

Respect for evidence (relianée on fact)
Willingness to change oplnlons

3.17 Idea sharlng ‘

3.2 Cr1t1ca1 requ1r nts
3,21 Critical mindedness
3.22 Skepticism

+ 3,23 Questioning attitude

3.24
3.25
3.26

Disciplined thinking
Anti-authoritarianism
Self—cripicism

APPRECIATIONS

(Relative

-

to the foundations, interactions, and dynamics of -science.).

4.1- The.history of science

4,11
4.12
4.13

The evolution of scientific knowledge
Contributions made by individual scientists
The exponential growth of science

4.2 Science and Society

4,21
4,22
4,23
4424

The social basis of the ‘development of modern science
The contribution made by sc1ence to social progress and
melioration

The relationship between science and technology

The interaction of the "two cultures"

4.3 "The nature of science

4.31
4.32

The process of scientific inquiry

The tentative and revisionary character of scientific
knowledge ‘

The strengths and limitations of science

The value of one's own contribution and the  debt owing
other scientists ’

The communality of scientific ideas

The esthetics and parsimony in scientific theory -
The power of individual and cooperative effort

The power of logical reasoning (rationality)

The causal, relativ1st1c, and probabilistic nature of
phenomena



VALUES AND/OR BELIEFS

(In the realm of philosophy, ethics, politics, etc.)

5.1

- 592

5.3

Thilosophical
5.11 The universe is "real"”

244

5.12 The universe is'compreheﬁsible (knowable) through observation

and rational thought

5.13 The universe is not capricious . Li7CL

Ethical : . _ o
5.21 Science is amoral but scientists have the responsibility

to interpret the consequences of their work
5/22 Humanism is the highest idea

Social +
5.31 Science must serve the needs of society
5.32 Science flourishes best in a free and democratic society

From an article in Science Education, 54:59-67
' (1970)

}‘v
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1

Pages 246 - 253 inclusive have been removed due to copyright
restriction. Included in this section were the Processes of Science
Test and associated answer key. The test and answer key are available
from the The Psychological Corporation, 304 East 45th Street, New York,
N.Y. 10017. The test is described in detail on pages 70 - 71 of this
thesjs, :
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TEST ON SCIENTIFIC ATTITUDE
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KEY FOR ""TEST ON SCIENTIFIC ATTITUDE" - 255

by G. Andruski, M. J. Kozlow and M. A. Nay
' University of Alberta

S 45 : :
R _
for attri 5t - ..
N

CM - critical mindedness (questioning attitude)
SJ - suspended- judgment
RE - respect for evidence .
H - honesty ' :
0 - objectivity (and open-mindedness)
WCO- willing to change opinions. '
CODE for subtests: >
C =~ cognition : : S~
I - intent”
| TEM BEST ATTITUDES COGNITION ITEM BEST ATTITUDE COGNITION -
NUMBER ANSWER BEING OR NUMBER ANSWER | BEING " OR
TESTED INTENT ' ’ * INTENT
] A CM, RE | 21 B - CH, WCO C
2 D SJ, RE ~ C 22 D 5J, WCO C
3 B 0 C 23 A SJ, RE C
4 A 0 C 24 C 0 1
5. A SJ, WCO c 25 B CHM, RE |
6 )] SJ C 26 A 0, WCO 1
7 D SJ, WCO > C 27 D SJd C
8 A SJ, RE i 28 B sJ, O [
g € CM, RE 1 29 B CM, SJ l
1Q B SJ C 30 C SJ, RE |
11 B CM, H | 31 ¢ sJ, RE l
12 A sd, RE, 0 | _ ¢ 32 B sJ, 0 |
13 C CH | 33 D -0, WCO |
14 D H | 34 A SJ, RE I
15 B 0 c . 35 D WCO C
16 c CM, RE C 36 B H C
17 D RE, WCO c 37 C CM, RE 1
18 D CM, O I 38 A RE, O ]
19 A H I || 39 D MCo c
.20 c RE C 40 C H c
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Directions:

TEST ON SCIENTIFIC ATTITUDE

256

G. Andruski
M.J. Kozlow
M.A. Nay

1. Each questlon or lncompTete statement is followed by four

passible answers.

your answers on the separate answer sheet.
that the number on the answer sheet corresponds to the

number of the question that you are answerlng

2.° Do not write in this test booklet.

3. Read each question carefully but do not spend too much

time on any one questlon.

Example:

“200.

Answer all guestions.

h. Hark only ONE answer for each question.

A person who dedicates his
life to the study of chemistry

is a
"A.

B.

®

biologist

.physicist

1981 Revised..

200.

C. chemist
"

.‘.\'

D. =zoologist

All rights reserved by the
‘authors. Unauthorized use

"Read each question and decide which ONE
of the four alternative answers you think is best.

Hark

~lake certain

Answer Sheet

Al

B2 €3
— =

or reproduction in whole or

in part is prohibited.

Dl
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1. Suppose you live near a large industrial plant. You find that the
rose bushes in your yard die in a short while after they are planted,
but your lawn remains in perfect condition. You suspect that the
fumes from the industrial plant are the cause of the death of the

- roses. Which one of the following would be the most reasonable
course of aétion for you to take? .

. Study the effect of the fumes on healthy rose bushes.

. Stop growing rose bushes.

. Start legal action against the plant for pollution control.

. Move away from the plant.

(= o = =g

Questions 2 and 3 refer to the following paragraph.

The scientist, Schleiden, published a report in 1838 on the
origin of plant cells. He made several observations on the repro-
ductive cells of some plants which he explained as follows:

It is an absolute law that every cell takes.its origin
as a very small bladder and grows only slowly to its
defined size. The process of cell formation which |
have just_described . . . is that process which | was
able to follow in most of the plants which | have
studied. Yet many modifications of this development
can be observed . . . Hevertheless, the general law
cannot be questioned . . .

2. VWhich one of the following is generally true about scientists but was
HOT demonstrated by Schieiden in the above situation?

A. Sclentists may ignore observations which do not quite fit into
their theories.
B. Scientists are usually careful to report exactly what they observe.
C. Scientists collect large amounts of data in order to develop a
" law of nature. .

D. -SC|enttst£ try« to avoid maL:ng general statements basad on I:mlted
data. . :

3. Some aspects of Schleiden's theory were later shown to be not accurate.
) The most probable reason for this is that he '

. did not have modern instruments to use in his investigations.
did 'not make his theory explain ali of his observations.
based his cell theory on too few observations,

. felt that his theory could not be questioned,

o0 D>
.
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"Quite often it is possible to' give several different explanations for

a particular set of observations. Which one of the following would NOT
be generally true about such explanations?

A. Only one of these explanations could be the true scientific one.

B. The explanation which greatly stimulates further research is
likely to be the one which most scientists will accept.

C. The explanation which is_ the most w:dely used is likely to be
the accepted one, )

D. All these explanatlons wouid be acceptable if they explain the
cbservations adequately

When Einstein publ|shed h|s theory of relativity, another famous

scientist wab reported to have said, "Dr. Einstein's new theory has
shattered many .of my scientific bel|efs to smithereens!'" This state-
ment indicates that the scientist

A. recognized that scientific knowledge can change.

B. held some wrong scientific beliefs without knowing it.

C. did not believe in the old theory very strongly.

D. did not have suff|cuent evidence to support his original beliefs.

A theory in science is generally accepted when it explains all of the
observed properties of the substances invoived. However, it is
possible that undiscovered properties exist that cannot be explained

by the theory. \hich one of the following is the BEST approach to
this situation?

A. When. exceptions are discovered, scientists should abandon the
theory and devise a new one,

B. Scientists should provide several thegries to explain a given
set of observations so that if exceptions to one theory are found,
they will have others to rely on.

C. Scientists should not accept a theory untll they are cnrtaln that

'~ exceptions to It do not exist.

D. The limits under which the ftheory applies should be carefully
"stated and the theory should be used within these limits.

Scientists recognize that a scientific theory

A. shOuld not be’ changed when it is based on a large amount of data.
B. may have to be changed to keep up with a rapidly changing world.

~ C.. should not belchanged when it explains what happens in nature.

D. may have to be changed to explain new cbhservations.

-

Tow
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.and given a drink of hot chocolate by someone who is sneezing and

10.

.

. the following best describes the reason for the boy's cold?

o0 W >
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A boy goes skating on a pond and breaks through the ice. He is rescued

coughing. A few days later the boy also has a coid. Vhich one of

.' The reason why he got a cold is not yet determinable.

. He got the cold from the person who rescued him.

. He probably had a cold coming before he went skating.

. His cold is due to falling in the cold water and getting wet,

Scientists have qUesfioned many religious beliefs. Which one of the
following best expresses. the way you feel concerning this matter?

A. Vhen scientific theoxigs question religious beliefs, it is better
to keep the religious beliefs.

B. | have .two separate thought compartments, one for my religious
beliefs and one for scientific knowledge.

C. | question those religious beliefs upon which science has cast
doubt. e

D. | keep my religious beliefs until scientists prove them wrong.

A science magazine reports that a scientist produced a type of water
that boils at 540°C at sea level . Another scientist reading this
report would probably ' '

A. believe the report if it was.written by a highly respected
scientist, .

B. neither believe or disbelieve the report until other scientists
study this problem.

C.” neither believe or disbelieve the report until it is discussed
with friends and other scientists.

D. disbelieve the report because he would know that water bouls at
100°C at sea level. : : -

Recently . a chemlcal company was accused of deliberately maklng false
claimséut the safety of some of its insecticides. On the basis of
these claims the government permitted their use in the human environ-
ment. MNow there is evidence that these insecticides have caused many _
people to suffer. Which of the following is the best way to handle
this kind of situation?

A. The chemical laboratory should be barred from developing new
insecticides. i ' ,

B. The government should check more closely on the safety claims of
"such potentially dangerous chemicals.

C. The false claims should be ignored until sufficient evndence is
obtained that these insecticides harm humans.

D.  The false claims should be ignored since there is noth:ng to replace
these useful chemicals.
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"

A scientist was studying an ore from the moon in-an attempt to obtain
a new metal from it. He made several tests but did not find evidence:

" of a new metal. However, he did identify a peculiar gas which he
obtained during one of the tests. He probably would-have

A, reported that the ore did not contain a new metal but did contain

a pecyliar gas.
B. reported only that portion of his investigation related to the
gas.
C. not made any report because he did not use the correct technlque
to find evidence of a metal.
D. not made any report until he was able to get another scnentsst
~ to confirm his identification of the gas.

When you are evaluating the correctness of ideas in science textbooks,

which one of the following is the most important consideration?

A. How recently the ESOk was published.

B. - Whether or not the author is a scientist. :

C. How widely the ideas in the book are currently accepted by«
scientists,

D. The extent to which the ideas have been gimplified.

Suppose you had worked several days on a chemistry experiment. You
then accidentally added some sodium nitrate solution when you should
have added silver nitrate. Vhich one of the following courses of

action should you take? "

A. Add some silver nitrate solution and continue with the experiment.
B

. Continue with the experiment but if it doesn't turn out the way,
it should, start over.again. . . S

C. Continue the experlment to see if ‘the mistake makes any difference. e

D. Start over again as soon as you realize your mi s take.

If a scientist had to choose between two theories, he_ would probably
support the theory which

A. most other scientists feel is more likely to be correct.
B. explains the available observations more satlsfactcrlly.
C. is based on a larger number of observations.

D. has more practical value.

*_\

t



Questions 16 and 17 refer to the/fbﬁﬂuwing'paragraph:

162

7.

- : : . : ’
Galileo gdthered much evidence on stars,  motlion of objects, - -

etc. which gave rise to ideas about the universe which were contrary

to those held by some of the philosophers of "his time. These

philosophers forced Galileo to say that he was wrong and tried to

stop him from practicing science:,

Uhich one of the. following best applies to this situation? ///’

A. Galileo should have co]lected more evndence befoﬁg;a$sag?géing 4
with the philosophers. o
B. Galileo's ideas became wrong when he was forced to say that
" they were. '

C. Galileo was justified in quest1ongng the beliefs of the philosophers.
D. Galileo should have avoided those investigations which led to
dlsagreement with the phllosoﬁhers.

RGN )

In their treatment of Galileo, the philosophers

A. showed that they did not have a proper respect for evidence,
B

-B. seemed to think that they knew all that there was to know about

the universe.

L., were not willing to change their ideas in the face of new evidence.
D. showed all of the above characteristics.

-

*People born when certain stars are becoming more prominent show the
influence of these stars in their personalltles ' People who believe
this statement - '

hd -
.o ~

A. probably have g special ability. to .understand such influence.

B. are more imaginative than most people. :

C. are more open-minded than most people. :

D. do not take scientific evidence into aqcount. ) L v

Sugggse you did a chemistry experiment, but the reSults were not what
you expected. Which one of the ﬂﬂiowung would you do? . - ’
A. Report the results that you obtained even though they were not
what you expected. : :
B. Report the results obtained by a classmate which were the ex- : -
-Lpécted results. -

C. Report the results whlch were predicted in the chemlstry text. ' T

“D. Report no. results and tell the teacher that the experiment falleér

y—
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20. Quite often two groups of scientists will support two opposing -

theorie® .on some_ aspect of naturey Which one of the following

. would be the ST important point to consider in settling such
- . po a controvetsy? .. g-
) :

A.*' Both theories give satisfactory explanations. for the observatlons,

" but one theory has more practical appl:catlons. )

B. One group of scientists have had more success in publishing
their theory.

C. Different conclusions are reached when the two theories are.
applied to certain problems, ' : -~ =

D. One group contains several scientists who have won the Nobe!
Prize for science.

. S e
Questions 21 and 22 refer to the following paragraph.

'Priestly and Lavoisier, both of whom 1ived 200 years ago, are.
/. often referred to as the '"fathers of modern chemistry". Both of them
. e did many experiments on burning and believed in the phlogiston theory
of combustion (all materials give off a substance called "'phlogiston'

when they burn). However, later Lavoisier became dissatisfied with

“the phlogiston theory and developed our modern, theory of combystion
+ in which he said that when a slibstance burns it comblnes with oxygen.

Priestley never accepted Lavo:sner s theory,

— 21. Which one of the following is generally true about scuentlsts, but
\\?\ was NOT demonstrated by Priestley in the above.situation?
NE
N
AY A. Scientists believe very strongly in their theories._
. B. Scientists accept .new theories when they are consistent with

experimental data. .
C. Scientists do not accept new theories when they are first published.
D Scientists demand an ékcessnve amount of experlmental evidence
before changing their pelief in_g° theo

. -22. Which one.of the following'ggn be lnferred from the above paragraph
- as NOT true- about Lavoisier?
’ He~dEVe10ped a new theory to explain the evidence on burning.
He recognized that theories are likely to change.
e was prepared to consider ideas presented by others.
He believed that his thedry of combustion would never change.

‘
i

o0 o>
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24,

25.

Drs. Brown, Jones, and Smith are medical researéﬁérs. Each one
independently investigated the cancer-prodicing éffect on rats of
compounds found in tar. Dr. Brown reported that there was no effect.
Some time later, both Drs. Jones and Smith reported that these
compounds were hlghly cancer-produging. Which one of the following
was probably the HOST |mporta:jr:7%son for Dr. Brown's conclusion?

A. He did not do a sufficient"number of controlled experiments,
B. He did not consider all the evidence.

C. Hewas in a hurry to report his results first.

D., He did not analyze his data properly.

Below are a number of points of. view regarding the teaﬁhing of the
thebry of evolution in a blology class. In your opinion, this theory
should be '

A. omitted from the biology course.
B. presented to the class, but i1ts controversial aspects should not
be discussed,
C. discussed thoroughly in a democratic marner in class with all
students present.
D. discussed openly in cIass, but thogp students who do not want to
\ listen should be permitted to leave. ‘
# . - \ ’
fmagine you are living in a small town on the banks of a river not
far from a large industrial city. Your town has just experienced a
severe flood for the ‘first time. in its recorded history. Some people
are sdying that it was caused by increased rainfall due to the smog .-
from the nearby .industry. Which one of the fO]lOWIng best expresses
your evaluation of this claim? _ -
A. This is a popular opinion for which there is no proof.
B. This is a conclusion for which more evidencé is needed.
C. This, ~valid conclusion based on sufficient evidence.
D. This TE\a‘pgﬁﬁfxi oplnlon based on people's preJudlce against smog.

In an experiment, students blew through limewater with a straw and
noted that it turned milky., Ftom this result most of the students
concluded that their bodies gave off carbon dioxide. However, one

" girl wrote in her notebook that'since there is carbon dioxide in

the air we breathe, the experiment proved nothfhg. Which one of the

: followung best- descrsbes your evaluataon of _this sltuation?:

A, Both sides were partly JuStlfled in their conclusions,

~B. The girl was Just&fled in doubting the proof fqg thevbody blVlng

of f carbon dioxide.

C. Neither side had sufficient evidence for their conclusion.

D. The students were justified in concludung that the body glves
off:carbon dioxide. )

N - : "‘
. 3

s
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27. 5F more than 100 years chemistry textbdoks have presented Arrhenlus s
theory of ionization to explain the properties of acids, bases and
salts. However, at the time Arrh#hius first proposed this theory,
very few scientists were willing to accept it. Which one of the
‘following is the MOST important reason why the theory was not widely
“accepted when it was first proposed? .

A. The scientists who would not accept-this theory were less willing
to be criticized.

B. The scientists who would not accept this theory were not as
imaginative as Arrhenius.

€. Arrhenius did not have enough evidence to support his- theory.

D. Arrhenius, in his theory, gave a different interpretation to
the avanlab]e data on acuds, bases and salts., )

" 28. Nuclear plants are becomlng of increasing importance as a source of
electricity in industriaiized countries. However, dangerous radio-
active wastes are produced which must be disposed of safely. Recently,
a proposal was made to bury them deep in stable Pre—Cambrian rocks
where they must lie undisturbed for hundreds of thousands of years.
Which of the following reactions is the most reasonable one for you to .
take this issue?

A. The proposal is sheer madness because this increases the risk of
radioactive pollution. ‘

B. The proposal should be sheived until studies are done on the

‘ success .of long-term burial of radioactive wastes..

C. Risks should be taken because the electricity from nuclear plants
is badly needed.

D. The industrialized countries should use less electrlc1ty so’ that
nuclear plants would-not be necessary. f

. &
29. “nght traveﬁs as a stream of particles,"
" ‘"iight travels as a wave."

‘

N
-

1f you came across these two statements in. two dlfferent science books,
which of the follownng would you do? .
A. Ask“your teacher to tell you which statement to accept.
" "~ B. Check other science books for statements on this topic. .
€. Assume that scientists are’ not: certain as to how light travels.
. D. . Accept the statement in the’ newer book.

e
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o

30. During a discussion of current events in a science class a student
reports ‘that much of the’ research on paranormal power (eg. mental
telepathy, clairvoyance, and fortune telling) gives false results.
“The main reason for these false results is. the dlfflculty in devising _
proper.research methods to study paranormal power. Students who
believe -in paranormal power upon hearing this report, should react
in whlch one of the following ways?

A. . Continue to believe because seventually new research may show
that some people do have paranormal power.

Bi. Stop believing in paranormal power until acceptable scnentlftc
evidence is obtained to support it.

€. Read the evidence for and against paranormal power so as to be

' Able to decide whether to continue believing lt

D. Continue to believe because one knows from one's own experiences

téeat some people have paranormal power.

31. Suppose-that you and a friend both did the same experiment to deter-
: mine whether or not sunlight is required for plants to produce-starch.
Both of you tested a leaf from'a plant that had been left in the dark
for two days. Then you both tested a leaf from a plant that had been
left in the 5unllght. Your friend found starch in both leaves. You
found starch only in the leaf from the plant that had been left in

the sunllght. Which one of the follownng would be the most reasonable
thing for you to do?

‘A. Accept your own ‘result because text books say that plants in the
dark should not produce starch. .
B. Accept the result obtained by the one who knows more about the
' experiment.. .
C. Have both of you repeat the experiment.
P. Ask your teacher to decide which result should be actepted.

32. Consider the rollow|ng data concerning- Fluor:datlon of the public
water supply:

Fluorides help prevent cavities in children's teeth.

Small amounts of fluorldes appear to have no long~term harmFul &
effects on humans. .

The-tasiest and cheapest way to administer flourides to: chlldren
is through the publlc water supply.

At is safe to put acceptable amounts of fluorides in milk for ®hildren.

Which one of the followling best descrlbec sour point of view after
considering the above information?

A. You would be against putting fluorides into the public water supply.
B. You would be uncertain as to. which side to support.
c

. You would be in favor of putting fluorides into the public water
N supply.
D. You would lose interest in the problem because the evndence is too
- indefinite.

.

LA



266

33. " '"Cloning" is one kind of experimentation with genes (carriers of
~heredity) in which identical copies of an organism are produced.
+ This result of cloning has led to claims that it is possible to
produce many copies of a human being. Which one of the following
.reactions-do you favor? .

A. Biologists have no business aspiring to "play God."
B. The possible bad results of duplicating human beings are scary.
C. Society should protect the sanctity of -1ife by forbidding the
cloning of humans. ‘ . x
D. Cloning of humans should continue because it may help in our
understanding of the process of 1ife.
L3

34. Somé medical researchers say that'marijuana is more harmful to humans
' than alcohol, while others say that it is not. In the, light of this
information, which of the following would you be inclined to do?

A. Put off any decision about smoking mari juana until more definite
knowledge is obtained about its effects. .
B. Ignore the evidence that marijuana might be harmful and smoke it
if you wanted to. . ' //*\
C. Smoke mari j@ana because it is probably no more harmful than alcoholr
D. Not smoke marijuana because it is harmful, .
. : Ly
35. When observations are made that do not fit an accepted scientific
theory, scientists usually - .

A. try to adjust, the observations so that they fit into the theory.
B. keep the theory as it is since the new observations cannot be used

to improve it, _ : *
C. discard the theory and develop a new one to -expl¥in these obser-
vations. ‘ : '

D. try to change the theory so that these obsarvations can be explained.

36. It has been stated that secrecy in research is necessary, one reason
being that stealing of ideas occurs in science. Which one of the
following is the LEAJT ‘important reaction to this situation?

* A. Stealing of research ideas is desirable because it informs the
- wronged scientist that his research is important., '

B. Stealing.of research ideas is bad because it may prevent a scientist
from getting proper recognition for his ideas. :

C. A certaln amount of stealing of research ideas is tolerable since
it tends '""to keep scieutists on their toes.' ' :

D. Such'stealing is harmful because it may prevent scientists from
‘sharing ideas, hence slowing down scientific progress.

-

W

i
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I f you come across a scientific ideg which goes against your common
sense, which one of the following would you be inclined to do?

A. Disregard the scientific idea because it is better to rely on
common sense.

B. Disregard comman sense because it is not as reliable as scientific
study. , .

C. .Do an experiment to determine whether common sense or the scienti-
fic idea is more acceptable.

D. Try to produce a compromise between the scientific idea and common
sense,

"

"Many people have cycles of mental disturbances which correspond. to ‘ "
the phases of the moon.'" Which one of the following best represents

your reaction to this‘statement?

U

A. One.should be wnlltng to consider the possibility that there may
be some truth to this statement.
. Scientists could never prove or disprove this idea.

B
"C. This statement i's true because people have believed in it for

a long time,

. D. There is insufficient evidence to make such a claim.

A scientist shows that he is open-minded when he

A. discusses his ideas with other scientists.
B. asks other scientists to provide exper:mental evidence to support
their ideas.
C. agrees with ideas presented by other scientists.
D. evaluates ideas which do not agree with his theories.
hY
f .
Because a scientist is human, he can never be totally obJectlve (without
bias) when doing and reportsng his research., Yet when he does report
his research findings, other scientists usually treat them as accurate .
and honest. Which of the following statements best explains this : .
apparently contradictory situation? .

~A. From.the report, 5cnent|sts are able to tell whether there was

any cheatlng. ’

B. "A scientist's strong scientific nnterests and biases do.not have
any effect on his findings.

C. Scientists trust such reports because they know that the research
can be repeated by other scientists working ih the same field.

D. Biased research findings are often ‘very useful in science.
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+ LABORATORY QUESTIONNAIRE -

w

One of the purposes of this questionnaire is to provide descriptions
of what happens in the classroom. You are asked to state concerns,

" priorities, interactions (with teacher and other students) and even -your

personal feelings.about your part1c1pat10n in the Chemistry 30 laboratory
program. FPlease indlqate what you believe rather than what you: think you
should believe, or what you think your teacher thinks you should believe.

. - '
EXAMPLE: I like to watch NHL hockey broadcasts on TV,

A B c D Y E
strongly agree neutral disagree strongly
.agree - ) disagree

- If you score the A response, this would indicate that you are very
interested in hockey and watch it most of the time. If you score the B
response, this would indicate.that you watch the TV hockey broadcasts
frequently but on some nights you wgnld watch _competing programs. If you
score the C response, this would indicdte that you neither agree nor
disagree with the statements. If you score the D respoénse, this would
indicate that you watch other programs or do something else more often
than watch hockey. If you score the E response, 'this would indicate that '
you do not watch hockey at all. In fact you haveno interest in the hockey
programs., ) ‘ '

Space has been provided for your comments. Your responses and
comments will be used to evaluate this year's laboratory program and to
give an in-depth description of the laboratory setting.
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LAB L1

v

PLEASE INDICATE THE LETTER OF YOUR CHOICE TO THE LEFT OF QUESTION
A - strongly B.- agree € - neutral ﬁ - disagree E - strongly

agree . . ‘ disagree

1. In spité of the Prelab Instructions (see page L3),'I was not sure
what was meant by the molar heat of a chemical change.

" '2. After performing the experiment and completing the laboratory reports,

I was still unsure of what was meant by the molar heat of a chemical
change.

——— 3, I am not sure of what is meant by the specific heat of a substance,

4. 1 am not sure why it was assumed that all solutlons (acid and base)
have a den51ty of 1.00 g/mL.

5. 1 felt the instructions given in the laboratory manual on pages L3
and L4 were sufficiently clear, :

6. I had difficulty with the Design Report.

7. I did not realize that more than one trial was necessary to obtain
significant data (reproducibility).

8. I had difficulty in organlzlng and recording my data for the
Observation Report.

9. I believe more guidance should have been provided by the teacher
during the experiment.

10. I had difficulty with the calculations as requirgd.on page 4.

COMMENTS N

Please comment about any part of the questionnaire or any phase of the
experiment. Your attitude and personal feelings regarding your part1c1pat10n
in the laboratory program are of part1Cu1ar interest. Please use the back of
this page if more space is needed.
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LAB L2 .
PLEASE INDICATE THE LETTTER OF YOUR CHOICE TO THE LEFT OF QUESTION .
A - strongly B - agree C - neutral D - disagree E - strongly
agree //// disagree
. N ) _
1. After studying the Prelab Instructions I had little trouble designing
" my own experimental steps, .
’ . ’ .
2.-Before,perfofming this experiment, I understood the processes
involving heat transfer in converting the vapor phase of a substance
. to the liquid phase (phase change).
- 3. The laboratory instructions on pages L17 and L18 were adequate to
enable me to design and perform this experiment.
4. I would like to see more instructions in the laboratory manual.
. 5. I would not care to do this experiment again, even to fry arid improve
my results.
6. I had difficulty with the Observation Report.
7. 1 had difficulty with the Final Report.
8. I believe more guidance should have been prov1ded by the teacher

10.

9-'

during the experiment,

I believe this experiment is too difficult for me to obtain a
reascnable "heat of vaporization' value. Explain below,

I believe I can improve my design and techniques‘in orxder to minimize

the percent error.

COMMENTS

Please comment about any part of the questionnaire or any phase of the
experiment. Your attitude and personal feelings regarding your participation
in the laboratory program are of particular interest. Please use the back of

this page if more space is needed.
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LAB L3

PLEASE INDICATE TﬁE LETTER OF YOUR CHOICE 'TO THE LEFT OF QUESTION
A - strongly- B - agree € - neutral D - disagree E - strongly
agree | ' : o disagree
e
1. I understood how to determine the molar heat of a phase change before
doing the experiment. '

2. 1 felt confident about my determination in this experiment.

3. Measuring the heat gained by an ice cube is not a very exciting or
sophisticated experiment at the grade XII level. L

4. I found it difficult to identify what equipment,, materials, and
techniques would be needed for this experiment.

-5, Devising a method to record my data was difficult for me.

6. Obtaining the quantitative data such as measuring mass, volume,
temperature, etc. was not difficult.

7. This, experiment was not very challénging. Explain below.

. 8. I believe more guidance should have been provided by the teacher
during the experiment.

9. I had some help from my fellow students in doing this _xperiment.

: 10. I would like to do more experiments in this unit (Energy).

COMMENTS

. Lo * [

‘Please comment about.any part of theg questionnaire -or any phase of the
experiment. Your attitude and personal feelings regarding your participation
in the laboratory program are of particular interest. Please use the back if
more space is needed. : T

1

S ' A . .
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LAB M1 : . '

PLEASE INDICATE THE LETTER OF YQUR CHOICE TO THE LEFT OF QUESTION

A - strongly - B - agree "C - neutral . D - disagree E - strongly

agree ) disagree

1, I understood the purpose of this experiment (see page 8).
2. 1 had difficdlty designing the experimental steps for the D.R.

3. I had difficulty in determining whether a chemical change occurred
in every case (metal + meta111c ions).

4. I. had dlfflculty in recording my data (describing, tabylating, etc.)
for the 0.R.. - "

5. I had difficulty in ordering my data so as to identify regularities
(comparing Telative tendencies of metals to react and comparing
relative tendencies of metallic ions to react). Explain below.

6. I had difficulty completing the experiment and the O.R. before the
end of period.

7. 1 had difficulties with the questions on bage 9.

8. I believe more guidance should have been prov1ded by the teacher
during the experiment.

9. I found the experiment interesting.

10. 1 found the experiment challenging.

COMMENTS

Please comment about any part of the-questionnaire or any phase of the
experiment. Your attitude and personal feelings regarding your participation

‘in the laboratory program. are of particular 1nterest. Please use the back of

thls page if more space is needed.

? . . . v
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' LAB M2 )

PLEASE INDICATE THE LETTER OF YOUR CHOICE TO THE LEFT OF QUESTION

A - strongly B ~"agree C - peutral D -~ disagree E - strongly
apree . disagree
- 1. I would mot like to do more experiments. in this unit. -

2. I found this laborafory experiment more difficult than Lab MI,
3. I had difficulty in designing the experimental steps.

4. I had difficulty in recording my data (describing, tabulating, etc.)
in the O.R. )

5. I had difficulty in ordering my data so as to identify regularities
(i.e., finding SOA, SRA and constructing the table).

6. I found it difficult to perform the experiment and complete the
report before the end of the period.

7. 1 believe more guidance should have been provided by the teacher ~
during the experiment. i

B. I found the color_testé with the halogens and CCIQ confusing.

9, I found this experiment interesting.

10. I found this expefiﬁént challenging. \\\/f

i 2
COMMENTS | . .
Please comment about any part pf the ‘questionnaire or any phase of the
experiment. Your attitude and perscnal feelings regarding your participation

. in the laboratory program are of particulap interest, Please use the back of

this page if more space is needed. -

e}
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{ . LAB M3 ) : :
v . “Q ‘\
PLEASE INDICATE THE LETTER OF YOUR CHOICE TO THE LEFT OF QUESTION
- . - . . - -
A - strongly . B - agree C - neutral D - disagree E - strongly
agree A ' : . . . disagree

[

" 1. On page 12, Part A, fourteen steps were given under Procedure. I
prefer dojng laboratory experiments of this type rather than
designing my own experimental steps.

2, I had difficulty arriving at the endpoint in Part A (pink tinge).

3. In Part B I had difficulty with the Design Report. -(D.R.)

4.'1 had difficulty organizing my data (tabulating, etc.) for,the 0usRe
B 2 : -

5. I had difficulty with the Final Report. (Explain below). g

6. I believe more guidance should have been provided by the teacher.
during the experlment.

7. I understand not only how to use a volumetrlc flask (100 mL) but
also the stoichiometric principle involved.

8. 1 found this experiment difficult to perform.

- - N

9., I found this experimerit interesting. . -

10. 1 found this experimgnt.challenging.

- COMMENTS . ' : y ' -
Please comment about any part of the questionnaire or. any phase of the
experiment. . Your attitude and personal feelings regarding your participation
in the laboratory program are of particular intergst. Please'RSe the back of
this page if more space is needed. o
L) ' , | L -
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" LAB M4
« PLEASE INDICATE THE LETTER OF.YOUR CHOICE TC THE 'LEFT.OF QUESTION o3
A - strongly B {-agrée C - neutral - D - disagree E - strongly
agree - : : S - disagree

1, I found this experiment easy to do.

2. Upon connecting the voltmeter to my electrochemlcal cell, I generally
. knew which electrode was to be connected to the negative terminal of Y
: the voltmeter and seldom made an error. ‘ .

3. 1 was generélly disappointed in my data. .
4. I prefer an experiment which has & determination or a rlght answer 50

that I know if my resQ%ts are right or wrong. -
5. I had difficulty with the Design Report. PLease-fomment below.

6. I had difficulty with the Observation Report. ‘Please comment below.

(:7 I had d1ff1cu1ty with the Final Report. PLease comment below.

N i
" 8. I believe more guidance should be provxded by the teacher durlnﬁ
.the experiment. ‘

9. I found this experiment interesting.
10. I found this experiment challenging.

"

-CoMMENTS . | » S o A

- ©

’ .?1ease‘comﬁent about any part of the questionnaire or any phase of the

- experimént. Your attitude and personal feelings regarding your partlclpatloh

in the laboratory program are of particular interest. Please use the back of
this page if more gpace is needed. . :
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. LAB N1
PLEASE INDICATE THE LETTER OF YOUR CHOIEE TO THE LEFT OF QUESTION
A - strongly B - agree C - neutral D - disagree CE - strongly
agree disagree
~
. -
1. The instructions in the lab manual were not clear. T

AN

2. I had trouble designing the quantitative data for this experiﬁent.
3, I am still having trouble writing NET IONIC EQUATIONS (See preiéb
exercises on page 16. ' :

4,1 find predicting the Tesults of. .acid-base redctions by the
Bronsted-Lowry theory to be difficult.

5. I had difficulty with the "conflicting observations" in the F.R.
See Interpretation on page 17. .

6. I had difficulty-in organ121ng and recording my data for the
Observation Report. -

7. I had dlfflculty explalnlng why all 1nd1cators d1d not show a color
change in the F.R.

8. There were too. many things t6 do in this experiment. \*\\
9. I believe more guidance should have been provided by the teacher
during the experiment. : ot

10. I am looking forward to more experiments in this unit.
o ,

COMMENTS

Please comment about any part of the questionnaire or any phase of the
experiment. Your attitude and personal feellngs regarding your participation
in the laboratory program are of particular interest, Please use the back of
this page if more space is needed.

v
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LAB N2
PLEASE INDICATE THE LETTER OF YOUR CHOICE TO THE LEFT OF QUESTION
A - strongly B - agree C - neutral D - disagree E - étrongly

agree . ' disagree

..

1. 1 am not sure that I understand the purpose of this experiment.
2. 1 believe my titration skills have improved since Lab M2.

3. I do not like to do experiments dealing with concentrations and
titrations,

4. There were too many things to do in this experiment and I tended to
become confused.

5. Without help from other students I would net have been able to do this
experiment or complete the Teports.

6. I do not particularly like experiments where I am expected to de51gn
all the experimental steps.

7. 1 do not completely understand the stolchiometric principle of using
a volumetrie flask, '

8. I believe more guidance should have been provided by the teacher
during ‘the experiment. :

~ 9+ I had difficulty with the Final Report.

10. 1 found this experiment challenging.-

COMMENTS

Please comment about any part of the questionnaire or any phase of the
experiment. Your attitude and personal feelings Tegarding your participation
in the laboratory program are of particular interest. Please use the back of
this page if more space is needed.
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LAB N3
R -
--. PLEASE INDICATE THE LETTER OF YOUR CHOICE TO THE LEFT OF QUESTION
A - strongly B ~ agree C - neutral D - disagree E - strongly
e agree » disagree

COMMENTS

I did not feel very confident about attempting this Lab.

I had littie trouble identifying the needed equipment, materials
and techniques necessary for this experiment., (DR).

I had little trouble devising a method for recording my data

I did not forpet to repeat this experiment for reproducibility.

J experienced few if any unexpected or accidental occurrences

during the experifent.

- Upon treéting my data I discovered uncertainties in my results.

I felt confident about my determination {concentration of NH3).
I found many of the questions on page N52 difficult.

I believe more guidance should have.been pfovided by the teacher

during the exgeriment.

I enjoyed the cﬁallenge of trying to find the concentration of
ammonia. I like this type of experiment.

. PLease comment about any part of the questicnnaire or any phase of
the experiment, Your atBitude and personal feelings ‘regarding your
participation in the laboratory program are of particular interest.
Please use the back of this page if more space is needed.
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LAB N4 -

"PLEASE INDICATE THE LETTER OF YOUR CHOICE TO THE LEFT OF QUESTION

A - strongly B - agree C - neutral D - disagree E - strongly
~ agree disagree

1, I had little trouble indentifying a problem,
2. I felt confident about my prediction(s).

3. Designing experimental steps was not difficult.

—

4. Finding a possible explanation for the phenomena was not difficult
(hypothesizing).

5. This experiment was simple enough to perform yet many of the process
skills studied this year were illustrated~in this experiment.

6. I interpreted my data verbally but I had dlfflculty 1nterpret1ng
the data mathemat1cally.
7. I believe I know more about the process skills used by scientigts in
~ research (see underlined words above) than I did at the begin#®ing of
this science course.

B. Teacher guidance was not needed ddring this experiment.
9. I found most of the experiments interesting and challenging this
year. ‘

[y

10. I was generally pleased with my work in the labdratoryquie\?ear.

1
Special Question:

*,

As a learning gxperience; how do you like the type of experiments you
have been doing this year?

COMMENTS _ . :

Please comment about any part of the laboratory pfogram this year.
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CRITERIA FOR EVALUATION OF LABORATORY REPORTS

DESIGN REPORT (DR) (5 marks)
a. Experimental steps must be original within ‘limitations given,
‘b. Experimental steps are to be both qualitative and quantitative.

c. Quantitative statements are to be expressed to the correct number of
significant figures (determined by limitation of equipment).

d. Experimental steps are to be logically sequenced. v

OBSERVATION REPORT (OR) (5 marks)

L4
a. The report is to show evidence of organization or structure.

b. Data must be tabulated. (table, matrix, headings and sub-headings)
c. Each trial is to be labelled,

d. Recorded data are to be consistent with the DR.

e. Changes in experimental procedures different from the design should
be indicated on the back of the OR.

f. Data are to be expressed to the correct number of significant digits.

FINAL REPORT (FR) {10 marks)
J‘a?’/gglanced-equations for all reactions are to be included.
b. Design steps and recorded data need not be included in the FR.

c. All questions in the laboratory exercises are to be amswered in the FR.

)
-d. Only one determination, which should be the average for all trials, and
only one per cent error is to be submitted.

€. Calculations for all trials are to be included.
- P

f. Sources and amount of error are to be included.

g. Interpretations must include a discussion of findings: achievement
of purpose, explanations, generalization, wvalidity of assumptions,
delimitations, omissions, and comments about the quality of work.
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TABLE 55 .

MEANS, STANDARD DEVIATIONS, AND PERCENT ERRORS
FOR EXPERIMENTS WITH DETERMINATIONS

Lab Accepted Class Standard Percent
No, Value Determination Deviation Error
L1 57.0 48,7 3.9 15 .
L2 40.8 29,6 B.8 28
L3 6.03 5.52 1.3 8.5
=
. M3 (Part A) 0.00800 0.00831 0.00047 8.6
M3 (Part B) 1 0.023 0.0245 0.0032 T 6.1
N2 0.180 0.186 0.014 3.2
N3 0.130 *0,132 0.051 1.5

¥ (Mean Percent Efror) 10.0
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TAPED INTERVIEW QUESTIONS
Two students, randomly selected, were interviewed after each
laboratory investigation. These interview sessions were tape-recorded and
each interview lasted approxim;;ely thirty minutes. The QUestions below

are those which formed the Efuctured section of the interview. Depending
. ; .

N r

on how students answered the questions, other more indepth questions

were usually asked.

QUESTIONS

1. How do you feel about this laboratory investigation?
What did you like about it? What features? Why?

LY

2. Tell me about your thoughts and feelings on the following:
(a) the topic investigated. Did you understand the purpose? .
(b) prelab discussions. Were they adequate? Why?

(c) design and observation; processing and'interpreting data.

(d) laboratory reports (DR, OR, FR). How do you feel about
writing three reports rather than one? ;

(e) marking reports.

(f) your peers and the teacher. What effect did your clasgmates
and the teacher have on the classroom setting?

3. How can this course be improved?
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TABLE 56

Summary of Student Responses of Taped Interviews on Lab L1

Questions

Responses

1. General Feelings
about Lab

/

! '

2. Opinions on:

(a) Topic
. (Purpose)

(b) Prelab
Discussion

(c) Design,
Observation,
_Processing,
Interpreting
Data

(d) Writing
Reports

{e) Markiﬁg
Reports

(F) Peers and
Teacher

3. Improving Lab
Program

Not difficult/ Not very 'omplicated/ Fun to do/
Interesting/ I understod® what I was doing// I
particularly enjoyed lab, ;mpecially writing my
own procedures/ I 1liked B ing trusted . . . not
having to follow a [gi procedure/ I enjoyed
lab but I had a little problem with calculations.

At first I didn't know what it was about/ Yes, I
know now// Purpose was clear/ Interesting . . .

'so much heat given off.

Everything was straingt forward before I went into
the lab// That was good/ Prelab was very helpful/
I got a lot from discussions.

Not hard to write up/ I knew what to do/ OR was
simple enough, although I wish I had known that
we were supposed to do more than one trial/
Processing was more difficult// DR was faily easy
because 6f prelab/ OR was fairly easy because I
understood the lab/ Processing data was mor diffi-
cult because I didn't know the order/ The inter-
pretations and processing part was the most
difficult . ., . we should have gone over this in
class first.

I 1ike the idea of handing in three reports/ You
have to think before going into the lab// A
little more work but I guess it is better for us.

Fair//

Good atmosphere/ I know I can ask the teacher or

~others for help/ Although the teacher didn't

help us during the first lab//.Students didn't
feel pressured in the class/ Not afraid to speak
out/ Relaxed atmosphere/ Teacher takes time to
explain things/ Students feel good about: going to
Chem 30
I can't t:l;ink of too many things right now/ Maybe ’
more help with calculations.

’
(-
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TABLE 57

Summary of Student Responses of Taped Interviews for Lab L2

‘

Questions

Responses

L}
1. General Feelings
about Lab

2. Opinions on:
{a) Topic
(Purpose

{(b) Prelab
Discussion

(¢) Design,

%
I thought this lab was rather inaccurate . . .

. because of loss of steam/ I found lab relatively

easy to set up and do// You learn more this way/
You learn about your own mistakes/ We should have
more time to plan. :

Kind of interesting but I don't think I would ever
use.it in my everyday use// I didn't see any thing
practical in this lab/ Purpose was understood.

It was quite useful// More information given and
since this was the second lab, we were more at

‘ease.

No difficulty with DR or the OR/ At first

Ubservation, calculations gave a high percent error . . .
Interpreting had correct calculations after all// No problem.

Data

(d) Writing
Reports

(e) Marking
Reports -

{(f) Peers and
Teacher

3. Improving L ab
Program

Better (than Gr. X or Gr. XI)/ It allows you to
do things in steps/ It sums up the whole lab// A
lot more work but in the long run you learn more.

I liked my grade but I had put a lot of work into
the lab and I thought the mark reflected the work//
I don't think you were marking too hard on the
first lab/ I got a poor mark but it was because I
didn't know what was going on . . . I was away

for the prelab discussicns.

This class is easy to get along with/ I think I

am learning enough/ The class is quite enjoyable/

Teacher lets us give our points of view/ I must

do better . . . the teacher is doing his job// The
atmosphere in Chem g0 is good/ No tensions like

in some classes/ People -.can joke with the teacher/
This class is interesting and I find it enjoyable.

We need more practice with labs like this one//
The experiments we have to do should work ocut a
little better/: My percent error was too high.

.
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- TABLE 58

Summary of Student Responses of Taped Interviews for Lab L3 .

Questions ) Responses
1. General feelings In peneral it is more interesting to do a lab this _
about iLab way/ It is more of a challenge this way/ You find

out what you really know if you have to do it yourself/
This lab didn't look like much of a lab at first--

just crushing ice . . . but there is more to it than
meets the eye/ It was interesting// I like doi!

labs this way/ I don't like having to follow a

kinds of directions/ It's difficult for me to

figure out what I am supposed to be doing/ Easy

lab to set up/ I had a high percent error . . . I

don't know what happened.

2. Opinionn on: s -
(a) Topic I don't know--I guess it is inferesting to figure
(Purpose) out how much heat is required to melt ice// It

didn't seem too interesting at first--just ice/

(b) Prelab Going over what you did the aay before helped// It
Liscussion was sufficient/ It didn't tell us why . . . but it
told us enough.

(c) Design, The FR is the report I find difficult/ I think we
Nbservation, all find calculations difficult// Yes I changed
Processing, my design while doing the lab/ I crushed the ice
interpreting and dried it before dropping it in/ Also tried to

lata weigh ice before it melted--impossible.
{d) Writing ‘ No trouble with OR or organizing/ No trouble with
Reports calculations/ I like this system better// This is

much better because you're not considering
everything all at once//

(e) Marking Fair/ I made a lot of mistakes/7 Adequately marked/
Reports The red ink helped 'a lot for the next lab.

(f) Peers and Yes we help each other/ We always enjoy doing labs/
Teacher lWe are doing these labs on our own and we seem to

be free to do what we want to do/ This leads to
better understanding of what you're doing// This
class is a challenge and I like a challenge/ I

like to do things for myself/ I enjoy the class.

3. Improving lab No, not really.
Program



TABLE 59

Summary of student Responses of Taped interviews on Lab Ml \\

Questions

Responsed l

1. General Feelings
about Lab

v

2., Opinions on:
(a) Topic
(Purpose)

{b) Prelab
Discussion

(¢) Design,
Observation,
Processing,

I didn't like this lab much. We had just started \\
this unit and this lab didn't make much sense at
first/ I like the freedom , . . if you make

mistakes you are free to change[ I don't like the
idea of being rushed . . . not enough time to change

_anything ang do it over// I am getting used to this

type (of lab) after doing a few. The first three
labs seemed more interesting{ This one was more
like Chem 20,

It was quite interesting but I guess I didn't
understand about the table/ Interesting, I
understood the purpose.

You left out the matter about the table// For me
it was enough,

Doing the observations right after the lab is good
+ « « I don't 1like having to hand in the report
right away--not encugh time for me. Interpreting

Interpreting data is most difficult// I sort of enjoyed the

Data

(d) Writing
Reports

(e) Marking
Reports

(f) Peers and
T zacher

design. Observations were easyl The.other labs
were harder.

I am not sure which system I like better. I haven't
done enough to compare// I would rather do three
reports. Maybe it doesn't make any difference.

.I would say- you're fair but I would not say

you're easy// I am satisfied/ I can see why
you mark the way you do/ I think it's pretty fair
compared to some of the teachers.

You are a "fuss-pot" about details. I really enjoy
the class. When other people ask questions they
help me get involvedy I don't feel dumb about
asking questions. I like to get involved and I
want to/ You seem to really enjoy your job and
you get involved with the students/ Sometimes

you rely too much on the smarter students for
answers. That's okay. YOu seem fair as a teacher//
Someone asking questions makes it better for me.
In the lab you don't Teally say very much and you
don't interfere with us/ In class the atmosphere
is good and I enjoy the class/ It was one of my
favorite and I shall remember my grade twelve
because of it.

J
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TABLE 60

Summary of Student Responses of Taped Interviews on Lab M2

Questions

Responses

1. Generl Feelings
about Lab
I

2. Opinions on:

(a)
(b)
(e)
(d)

| (e)

(£)

Topic
(Purpose)

Prelab

Discussion

Design,

I found this lab interesting although I wasn't too
sure about the color test at first// It was good
lab. I understood more . . . Before the lab I was
worried about. what would happen. I feel that way
before each lab. I should learn from my mistakes.

The purpose was interesting although the lab was
somewhat the same except we didn't know the species
this time, This made it interesting// The purpose
was good. I can see what the scientist who made

up the table went through too.

Adequate except for the color test. Once 1 got
going I knew what to do, however// It was adequate--
you don't want to give too much information away.

I like designs. Especially the lab on molar heat of

Observation, steam--I felt like a scientist! The DR and OR are

Trocessing,

easy but FR is more difficult// This type of lab is

Interpreting a lot harder{(than ALCHEM). Observations are easy

Data

Writing
Reports

Marking
Reports

Peers and
Teacher

but processing data can be difficult sometimes.
This lab wasn't too bad. In the FR you have to say
something to show you know what is going on.

I 1ike this system better. You can take more time
to figure out what you are going to do and how you
are going to do it// The old way was easier, But
you didn't know what it was all about. It is sort
of like taking the lab apart. It is a better way.

I like this way of marking. It's fair// Sometimes
you-get a little picky. My marks are one of the
lowest in the class but I do think you are
amarking fair. I have no, complaints.

I like this class and I like the teacher. I can
understand what is going on. The class is more
interesting// I feel we are.competing with each
other. But for the most part my peers don't seem
to affect me much, As for the teacher I definitely
.1like the way you teach. In Grade X and XI kids had
a sort of negative attitude but in Chem 30 they
seem more serious. The teacher affects my attitude
more than my peers in this class anyway. i

>
¥ s
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TABLE 61, -
Summary of Student Responses of Taped Interviews on lLab M3 ,i
1‘ l ’
- Questions Responses

’ ) A

1, General Feelings The stoichiometry in M3 was a little more difficult.
about Lab _ I think the way we are doing labs now is more

beneficial. I didn't know how much to titrate the
first time, It was tedious . . .f/ I found it rather
fascinating. The color changes being accurate, N
precise, reading the buret. Interesting. This lab

- was more challenging than some of the other labs.
Some parts of the lab were a little monotonous but it
was all necessary.

2. Opinions on:
{a) Topic Purpose was OK// Interesting. It was more involved.
(Purpose [Why?] Well you had to make a primary standird and
it had to be right because it would affect the
second part.

'

(b) Prelabd .
Discussion If we had been told how much to use in this first
titration I wouldn't have been so rushed for this
1lab// The half hour the day hefore sure helped to
practlce our titrating Skll%f I thought the prelab
was adequate.

(¢c) Design, - Design and observation were not bad. The calculations
ObBservation, were difficult until I caught on. Once the molar’
Processing,  concentration was worked out it was OK// The desig
Interpreting was very challenging. It was a good thing this was
‘Data not the first lab--at this stage of the year it was

© OK--we were more famitiar with designs. The FR and
OR were not that difficult but the DR was the most
. challenging + . .

(d) iting (Half of this lab you were told what to do while the
@ Reports other half you were not, How would you compare the
two parts)} Yes, Part A was like being back in Grade
¥--you were told what to do. [Which part did you
find easier?] They were about the same// I think
this is a great systemn for doing labs. Last year
I came to lab not prepared, not knowing what to do
but now you forced us to know what's going on. It
certainly makes me put more time in the labs. I -
know I spend moré time. When you have to design 53“‘
you take a little more pride in designing your
own thing, instead of following someone elsels”.
~direction., I sort of like to be independent/and
drawﬁhg\py own,
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TABLE 61 (Cont'd)

Summary of Student Responses of Taped Interviews on Lab M3 -

Questions’

Responses

(e) Marking
Reports

(f) Peers and
Teacher

I liked this better than [last year], My mark was
not high but it was fair// This one was marked
fairly. In this lab it was OK but in the first lab
you were a little picky about significant digits.
I can't really complain. I can see where I lost
marks when I started to read into the lab instead

0f sticking to the data I got.

I liked being in this class..I liked what was going
on. The teacher was QK. The class was-different.
You seem to care about us. It has a personal effect
on us// This class is a lot more free than a lot of
other classes I have been in. You encourage
discussion among students; for instance, that day
you gave us a problem . . . then instead of letting
us tell you the answer you had . . . that was very
interesting. Coming into this class I was a little
worried . . . but after a few classes my anxiety
went away. I feel one of the best things you do is
to encourapge students to speak out. I sure have no
complaints about the teacheya
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TABLE 62

Summary of Student-Responses of Taped Interviews on Lab M4

Questions

Responses

-

1. General Feelings
about Lab

2, Opinions on: -

(a)

(d)

(e)

s (e)

Topic
(Purpose)

Prelab '
DPiscussion

Design,
Observation,
Processing,
Interpreting
Data '

Writing
Reports

Marking
Reports

Peers and
Teacher

I thought this lab,was pretty good. It related a
lot of electrochemistry for me.

The topic was very good . . . the EMF's were not
pulled out of a hat, They actually can be proved
experimentally. -

It was self-explanatory. Adequate. o

I epjoyed the design part. You learn more about
the lab because you have to think about it before
going into the lab, Easy to record. [Did you have
trouble organizing data?] This lab was more
difficult but most of the labs are easy to do.
Once. the DR and OR are done it's pretty easy to
do the interpreting and processing.

I prefer doing ‘it this way. You do learn a lot
more when you do it yourself, although sometimes
you do need help or you will be more confused. I
prefer doing it onmy own rtather than have
everything laid out for me because things aren't
laid out for you . . . like going to university or
when you're out on your own..

My marks have been good. I think they are marked
easy. ‘

I enjoyed our class. Lach person his their own
views and not afraid to express them. Everyone
is participating. I think [the teacher] he is a
very good teacher because he doesn't just stick-
to blackboard chemistry. He gets everyone
invalved. [What about all labs in general?] The
titrating one was very interesting. [Why?] It
has a lot of work in it . ., ., it posed more
problems.
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TABLE 63 ’

Summary of Student Responsesjff Taped Interviews on Lab N1

Questions

Responses

1. General Feelings
about Lab

2. Opinions on:
(a) Topic
(Purpose)

(b) Irelab
Discussion

(e) Design,

Observation,
Processing,
Interpreting
, Data
(d) M;iting
Reports
{e) Marking “
Reports

It was very interesting. This was the first lab
in'a new unit and the first lab is usually harder
than the rest, I knew after the lab what indicators
were all about. In these labs you have to be able
to understand the information. The systen forces
you to learn in order to do the lab// I generally
understood what was going on before going into

the lab. Predicting was kind of interesting. This
way you have to understand it before going into

the lab., Yo® know what you have to do.

Unique. In previous grades the theory didn't seem
to apply to real life. The purpose was interesting
because the predictions and the cbservations didn't
always follow each other. [Explain] Well, before

if things didn't work out.the teacher just pointed
out why. Here, we have to’ explain the difference
why. Here, we have to explain the difference
between theory and observations// The purpose

was to illustrate everything we studied and within
certain limits it did.

Adequate// Adequate for this lab. We understood
the theory.

A

Designing is better than beihg told but it is ‘not
[easy]// Designing or recording were not problems.
I didn't understand why some reactions didn't
work. I understood those that did work.

. ™~
I like this one better. A better way to learn}and
easier to learn// I prefer this way. It is a‘good
way of organizing yourself., I.didn't see much
sense in doing labs thé way we used to [prev1ous
grades]

You were fair ih all cases// Good, though the
teacher is a little fussy sometlmes. It doesn't
hurt.



08
TABLE 63 (Cont'd) 3

Summéry of Student Requgses of Tapéd Interviews on Lab NL

Questions

Responses

{(f) Peers and
Teacher

3. Improving Lab
Frogram

Il

There's a good atmosphere and I like the
competition. You seem to enjoy teaching us and
everyone gets involved and promotes learning// The
Teacher gets really excited about things sometimﬁi
and makes it pretty interesting and that keeps
(one) interested., Some of my peers make it harder
for me. They seem to understand it a lot better
than me. This makes it harder for me. But I like
this system better. My classmates help me., But at
least I understand what I'm doing and it ties in
with the unit.

Yes, cut down on the number of labs. Some of the
subjects should be investigated [pursued] in more
detail. -
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TABLE 64 . o 309

Summary of Student Responses of Taped Interviews on Lab N2

Questions

Responses

1. General Feelings
about Lab

2. Opinions on:
(a) Topic
(Purpose)

(b) Prelab
Discussion

(c) Design,
Observation,
Processing,
Interpreting
Data

{d) Writing
Reports

(e) Marking
Reports

I believe this program is a lot better than in past
years. This wasn't very difficult but it kept your
interest.// I liked the experiments we did this
year because we were given a chance to think about
what we were doing . . . last year we were told
what to do, We were told somethings in this lab
but it was kind of challenging and made it more
interesting. I didn’t like the fact that we were
not given the final concentration so we could
figure out what we did wrong or have an idea [about
the concentration]. I guess that made it all the
more challenging. The lab experiments seem to be
important this year.

1]

The purpose was straight forward but difficult to °
carry out. It was interesting// A good experiment
. « o« it took a lot of skills to do the experiment.

Quite adequate. The lab was straight forward and
not as much was needed as in the other labs//
Adequate. No question about what we should do or
should not do.

Because we made the design we knew exactly what to
do. I had no problem and I found the processing
easy. This was a warm-up for Lab N3// [Few]
problems with the design and I got a very small
percent error so I must have been doing somethings
right, I had [few] problems with the
interpretations since earlier this year we had
been shown the pr1nc1p1e that was needed in this
experiment.

More interesting than Chem 10 & 20 but getting
the OR done before the end of the period was
difficult but generally there is enough time if
you watch it// I like this system better. In
order to write it up we had to know what was
involved. Handing in the observation report at
the end of the class forced you to use the
results that you obtained in class. You weren't
able to change them.

Generally fair. Your remarks helped// Marking
wds fair,
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TABLE 64 (Cont'd)

Summary of Student Responses of Taped Interviews on Lab N2

Questions

Responses

# {f) Peers and
Teacher

-

Some students want to make the lab harder than it
really is. [Explain] They ask a lot of questions
which do not have (any bearing) on the lab, and

this does more to confuse me because I hadn't
thought about it. You didn't have much tgnﬂo with
the lab part, that is, you let us do it tHe way we
wanted to although in this lab you pointed out that
our techniques were poor and ycu helped us this
time. [What do you think about that?] It's

quite good. You also let us make mistakes and

don't interfere. That's good. If you make a mistake
then the next time you have a chance or remembering

. +« «// My peers helped with the course. The teacher
wouldn't help us with the FR and would not answer
any questions. This forced us to think for ourselves
and not just do what we were told.

-~
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TABLE 65

summary of Student Responses of Taped Interviews on Lab N3

—
1

Questions

\\
Responses

1. General Feelings
about Lab

2. Opinions on:
(a) Topic
(Purpose)

(b) Prelabdb
. Discussion

{c) Design,

Observation,
Processing,
Interpreting

Data

(d) Writing
Reports

(e) Marking
Reports

-

Pretty interesting, not 1like Chem 10 & 20. I think
you can learn more about labs by doing them on your
own. You had to apply what you had learned :
previously and it put more pressure on me to see if
I could get the expected results. This is a better
way to do labsf/ I find titrations interesting. Easy
to understand and to follow. [Why do you like
titrations?] You have to be very accurate and I get
a feeling of satisfaction when I.do it right., I
like to design and record the way-I want to.

Good excep I was (worried) about applying my
results (from N2) to this lab. It Was interesting//
It was a little more complex--more things to think
about.

-As the year progresses we are‘being told less and

less. We are able to do more of it on our own. The
results that most of the students got were very
accurate so this proves that everyone knew what
was going on at least// No prelab was necessary
because it was just an extension of the lah we

had previously. For most of the other labs

it was adequate but sometimes it was little short
of what I expected. Usually by the end of the lab.
I knew what was going on.

The design is a good idea. You had to read and
understand before . . . The observations didn't
always turn out the way I expected them to. I had
trouble with the processing// No trouble with the
design and the observation was easy to fill in. I
usually had trouble with the interpretations. I
don't always know what you want. I don't have
trouble with the math usually.

I like the three reports--you get a much better g
idea of what's going on// I prefer this system.
It sets apart three different states of the work.
It is a more organized way to do it.

I didn't really like the mark I got on this lab
but it was fair., The other labs were marked falrly;
and even though results are "way off" if the work
is correct you can still get pood marks. Yes, I
think it is a good way of marking// I thought you
were generous on this lab byt on some of mine 1

thought you were a little stinéy and a little picky.
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TABLE 65 (Cont'd)

Summary of Student Responses of Taped Interviews on Lab N3

W~

Questions
b

Responses

(f) Peers and
Teacher

1

" 3. Improving Lab
Program

.‘/ -

N

Sometimes it was frustrating and you could ask

them (peers) for help. I found it frustrating

going into the lab and not knowing what was going
on and then the teacher would not help. Except it
was better in the long run. It puts more
responsibility on us to know about the labs. I

got better as the year progressed. It was quite a
change from getting everything given tous to having
to interpret on our own// My peers gave me a
positive attitude. The teacher affected my attitude
in a positive way and because he expected us to
think . . . If you had taken a (lesser) role, I
might not have thought about things or tried to

put out as much. It was because of your
{expectations).

"‘More emphasis should be placed on the purpose//

I think grade twelve is a bit late to start a
program like this. You should start in Grade X
or in junior high.
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TABLE 66

Summary of Student Responses of Taped Interviews on Lab N4

Questions

Responses -

1. General Feelings

2. Oﬁ%nions on: -

(a)

(b)

(c)

d)

(e)

(£

S

Topic
{Purpose)

Prelab
Discussion

Design,

Observation,

Processing,
Interpreting
Data

Hriting
Reports

Marking
Reports

Peers and
Teacher

/
\

-

I ljked this lab. It's interesting to do a lab
where you don't have a specific problem and you
have to find it yourself, It can be kind of .
frustrating too. This time we weren't given much”
to formulate our own hypotheses. Nothing was given
here and this was interesting to go all the way
through and find it yourself.

L 4

The topic was interesting but purpose was somewhat
vague., There was.not nuch to actually doing the
lab but the prediction was more interesting and
challenging.

The prelab was adequate. You can't discuss it too
much because that's what you're trying to do.
You're trying to find that theory by yourself.

The hyposthesis and the predictions were pretty
interesting. DR and OR were easy to do, but after
discussing it in class today I guess 1 missed a
few things. Processing the data was not too
difficult for me because the data fitted my
hypothesis just the way I predicted it would.

I interpreted my data verbally. I couldn't do it
mathematically. I didn't make too many assumptions.

I like this system this year.“ou get a better
understanding of what you're studying. Yes, it is
more work and more frustratlng but the work pays
off and my marks have improved.

I was pretty satisfied with the marks this year
up to Lab N2 and N3, The one depended on the other.
I guess I deserved to be docked,

I liked chemistry this year. We (peers) worked
well together,. It was a pleasant class to come
to-~there were no cenflicts and no real worry. I
enjoyed it. ' '
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TABLE 67 :

SUMMARY OF STUDENT WRITTEN COMMENTS FOR LAB L1

Lab L1: Molar Heat of Chemical Change

Stddent

Written Statements

0l

03
04
05

06
07

08

09

10

11.

12
13

14

15

16

17

.18
19

207

Because this was the first lah I was unsure of what I was doing.
I should have studied more theory and askedﬂmore questions before
lab.

I thipk it is good that so much of the plannlng is left to us.
n/a*

I am gonfused- about how to find the molar heat of a reaction.

I 1likéd the way we were allowed to set our own experiments.

for the first lab we should have processed data together.

This lab was more enjoyable and demanding than ALCHEM 20.

I had difficulties with calculations. This type of 1lab helps.

I enjoyed doing labs that I designed. But I am used to Chem 10-20
type of labs.

I pgot a large percent error. I found the calculations hard I

en joy d01ng_1ab5 this

I had difficulty with %ﬁé Final Report. I enjoy being able to plan
tﬁg lab myself, although it is more difficult this way.

I had some problems in the lab because it is a change from

(Chem 10-20). It is good to let us do most of the work but at
this time some guidance is needed. I had a hard time trying to
find out what we are looking for . . . it wasn't spelled out like
it usually™is.

I was not sure how to organize the Final Report.-

Lab itself was not difficult but calculations were. I enjoyed
being given the opportunity fo do (design).

Lab not too difficult but the calculations were confusing at
first. ) ' _ ’

I would appreciate more puidance for processing data. Designing
was OK, ° _

I found it hard to decide what really was required because I was
used to everything being given to ys. '

0f all the Chem labs I have done through high school this is the
one I put the most thought into because I had to design the
experiment. I would like at least one class between OR and DR to
ask questions.

I had little difficulty with DR and OR but did with FR.

Setting up our own labs 1is great, but it seems hard now because
I have never done it before. Guidance should be given for at
least one more lab.

I was not sure what to include in OR, .I had dxfflcultles with
calculatlons.

*nfa means not applicable
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TABLE 68 ¢
SUMMARY OF STUDENT WRITTEN COMMENTS FOR LAB L2

Lab L2: Molar Heat of Vaporization

Student Written Statements /’T>'

01 I wi jve to improve rmy design to eliminate error.

02 I know how to do it but I'm not certain.

03 More is needed to try again with new improvements.

04 I\pe could eliminate high error with a new design and
Tadoirn

05 More trials would improve my results.

06 The experiment was difficult with the suggested apparatus. I am

q\Stlll having trouble w1th calculations.
__—n/a*
08 I had difficulty with calculations. _
09 This lab was confusing at first but once organized it wasn't
‘ too bad. . .
1G The hardest part was setting-up. The calculations were easy but
produced a high percent error.

11 n/a

12 I would like to try agaln to get better results.

13 If we had proper equipment, it would not be too dlfflcuit

14 We had a high percent error. We realized it was due to steam
condensing.

15 After looking over the results, we could not figure out the right
way to calculate.

16 Lablwas not too difficult. The first trial did not give reasonable
resylts. After changes in design the results became quite reasonable.
It is better to find this out during the lab rather than have it
p01nted out. The way the lab is set up now is good.

17 This lab was much easier to do and understand than Lab Ll1. Perhaps
I was more familiar with the work, and instructions given in the
pre-lab were straightforward.

18 The apparatus was difficult to properly adjust. I had trouble with
calculations.

19 Lab was not necessarily dlfflcult but 1naccurate. Steam was lost.

20 n/a

'

“#n/a means not applicable
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TABLE 69
SUMMARY OF STUDENT WRITTEN COMMENTS FOR LAB L3 '

Lab L3: Molar Heat of Phase Change

Student Written Statements

01 This experiment was not a flashy one, but it allowed us to see
laws. e

02 Not very exciting but helps us understand principle.

03 It seemed easy enoupgh but I would like to perform experiment
over again., AfterI found out what they were about, I like to
compare.

04 Even though it was Just melting an ice cube, it is the theory

) and trying to be accurate that makes it challenging. We get®some
idea of molar heat in a practical situation.

05 The lab may not have been very challenging but it required that

' the procedure was well known and instruments used carefully.

06 Lab a little easy. However, it helps us--builds confidence,
enables us to become more efficient doinpg labs.

07 I felt more confident doing this lab., It was easier because we
had done two similar ones. Should do more in this unit.

08 This lab wasn't too bad but I preferred Lab 2. I would like to
redo Lab LZ to get better results.

09 Lab was not hard to carry out but it did involve many basic
skills. I am becoming more confident and things are running
smoother. It was interesting. '

10 Not too difficult but the principle of molar heat was illustrated.

11 Although more challenging, I now know what a phase change is.

12 Performing the lab was not difficult but evaluating data was

. challenging. There is more to it than there seems to be.

13 Not too compllcated but there should be more experiments in this
unit.

14 The results were not very accurate.

15 I felt more confident about doing this lab.

16 The lab was as challenging as a person doing it wanted it to be,
I would like to repeat Lab L2 not because I don't understand the
principle involved but to get better results. -

17 I forgot to account for the energy change of the melted ice . . .
everything else was OK.

18 After doing Lab L1 and L2 this was easy. ’ '

19 . This was easy to perform. I was surprlsed to flnd I had a high
percent error. :

20 nfa*

*nfa means not applicable
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TABLE 70 |

SUMMARY OF STUDENT WRITTEN COMMENTS FOR LAB M1

Lab Ml: Introduction to Redox >
Student Written Statements

01 I did not realize the significance of the table we made up in this
lab and the’ Reduction Potent1al Table.

02 n/a® _

03 The experiment was easy and dldn'R seem like much until you
explained the table and the spontaneous reactions. :

04 »Easy enough but I could have used moxé time.,

05 Interesting. I found the: experlment challenging.

06 Easy enough, although I missed recording a spontaneous reaction.

07 An easier experiment than the previous ones on energy. Il -needed
more tlme, however,

08 I did not realize at the time that the ions and metals could be

olaced in a table that was like the Reduction Pctential Table.
09 n/a®

10 No trouble recording data but the catch is this lab is to go
beyond the problem when interpreting the data.

11 Easy to understand and follow,

12 nfa

13 “ n/a o

14 The experiment was stralght forward and easy to follow.

15 This lab did not seem very complex.

‘16 More guidance was necessary’ggfore the lab. We didn't knoW much
about 0A and RA before this lab.

17 Easy to do but I didn't finish in time because I was disorganized

at the beginning. Not too difficult to interpret data.
18 Easy.

19 There were few sources of error. Easy to do. .o
20 n/a _ p
*n/a means not applicable 1 .
r 4
B [
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TABLE 71

SUMMARY OF STUDENT 'WRITTEN COMMENTS FOR LAB M2

Lab M2: Electrochemistry - Spontaneous Reactions

Student Written Statements a

01 Determining the agents was difficult to do. We had no method.

02 Lab was very interesting. I am sure I tabled my results correctly.

D3 It was easy to make mistakes in OR and in interpretations.

04 Basically the same as Ml but a lot more challenging.

05 Not knowing what solutions we were actually using-made the
experiment interesting and the outcomes were (unpredictable). It
was more challenging to do the experiment correctly.

06 Good application of theory learned prior to lab. Color test
confusing. '

07 The color tests were confusing in this lab. It was interesting to
sea the color changes.

08 The color tests were confusing.

09 This was a very mysterious experiment--not knowing the solutigns.

10 I had trouble interpreting my data because.l didn't really
understand the use of the reduction potent1a1 table when I wrote

. the FR.

11 This experiment was a little more challenging (than Ml) because
you had to figure out which were the agents. ¢ '

12 nfa* : :

13 I was confused with the color tests.

14 It was difficult to do the design report without kngwing what
was supposed to happen. After learning about the color tests the
lab was less confusing. I found it interesting to try and figure
out the agents.

15 I wasn't exactly sure how to process my data because of the
color tests. . .

16 Usually we are told what tp do and how to do it. We had to_
think in the FR. This was good. ‘

17 It would have helped to have the color tests explained first.

I was confused at the time of the experiment.

18 The procedure was fairly straight forward. I found the FR most
difficult. I didn't know what the reactants were. '

19 I am beginning to see more how to do tngse-eiperiments on my own
and how to design the labs. Teaches a person to think on his own.

20 This lab was quite easy to perform. The color test confused me

at first. .

4y

*nfa means not applicable ' -\\
. > .
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TABLE 72

SUMMARY OF STUDENT WRITTEN COMMENTS FOR LAB M3

Lab M3: Redox Titration

Student Written Statements

0l De51gn1ng your own steps is not as easy as (conventlonal) labs but
you learn more.

02 I would rather write my own steps because it is easier to remembler
what to do next. I had trouble with the final report.

03 I like the procedure given but I like to make changes if and when
necessary.,

04 I prefer to follow steps that are given for the first lab in a
new unit but for (subsequent) labs in that unit steps are not
needed.

05 This experiment was interesting because it was different from

. others.

06 Too little time to set-up the experiment.

07 1 need more time on the buret and pipette, We should have another
lab. :

08 I found this lab challenging and I had trouble with FR but after
some reading I understood how to calculate the concentration.

09 The lab was easy to perform but I had trouble with interpretations.

10 The lab was challenging. I had trouble pipetting.

11 This lab was challenging and difficult. More prelab was necessary.

- 12 The lab was confusing at first but after the lab I realized how

. to do the calculations and the Final Report.

©13 I enjoyed this lab. It was challenging but not too difficult.

14 More time needed for Part A but the rest seemed to run smoothly.

15 I did not know how to calculate the concentration from data
collected.

16 I was not too sure about what to write in the interpretations,

17 It was easier to carry out the given procedures but I was not as
confident going into the lab as I would have been if I had drawn
up my own procedure. I put more thought into the lab if I have
to design.

18 The part of the lab (Part A) was not as challenging as Part B
because the steps were given. I had a feeling of accomplishment.

I liked how the lab progressed.
19 I had trouble with the titration and the calculatlons.
20 Being given the steps is OK but it also makes you rely to6 much

on the lab manual. It is not your own. The'calculations were
simple enough although I did not know exactly what to include
in the FR, I messed up titrating a few times.
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TABLE 73

SUMMARY OF STUDENT WRITTEN COMMENTS FOR LAB M4

Lab M4: Electrochemical Cells

Student . Written Statements

01 I had trouble organizing myself and I was short of time.

02 Lab not too hard teo do, and I was sure I knew what I was doing.
My results puzzled me. o

03 The sutdent voltmeter did not produce the readings I expected.
I was short of time.

04 njc*

05 I found the lab interesting but there was a high error.

06 A lot of time needed to prepare this lab.

07 The student voltmeter was not very accurate, Interestlng lab.

08 nfe

09 Not too dlfflcult to do once I flgured out what to do.

10 The  reports were not difficult.

11 No difficulty with the reports.

12 The student voltmeters are not accurate, and not enough time to,
use the VTRM,.

13 "] was a bit confused with the FR.~

14 Everyone should have had the opportunity to use the VIVM.

15 5till not sure about how specific to be in DR, OR. FR OK.

16 Not enough time to repeat any parts of experiment.

17 . Interesting lab but difficult and challenging.

18 DR was easy. I knew how to construct the cells, but the FR was the

most difficult because explanations had to be found. I f0und it

] interesting and challenging.
19 No trouble with any reports.
20 nfc : :

*n/c means no comments were made
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TABLE 74

SUMMARY OF STUDENT WRITTEN COMMENTS FOR LAB N1

Lab N1: Bronsted - Lowry Reactions

Student Written Statements

01 n/a® | A

02 It was interesting to see whether or not my predictions came
true, but I found it hard to explain the changes which were not
predicted,

03 A very interesting lab and an excellent appllcatlon of Bronsted-
Lowry Theory. Conflicting observations . . ., were frustrating and
difficult to explain.

04 Most of my predictions turned out . . . but hard to understand
some of the confllctlng data.

05 n/a”

06 I had difficulty organizing data for my OR.

07 The lab was relatively easy except I misinterpreted one reaction.

. But I knew what I had done wrong. '

08 n/a - ) .

09 My predictions were (1ncorrect) I had trouble with the indicators.

10, A lot of tedfous work . . . cleaning all those test tubes . . .

SN A I had difficulty explaining why some of my predictions did not
¥ woTk.

12 We were rushed to repeat some of the (tests). .

13 n/a

14 Interesting lab, ] ,

15 n/a - -

16 . I enjoyed this lab . . . it kept me busy. Predicting acid-base
reactions is fairly easy. However, I had a problem explaining
why two of the indicators changed when they shouldn't have.-

17 It was difficult to organize my data for so many reactions.

18 I felt therewere a lot of things to do and I was rather rushed.

‘ I found this lab interesting . . . some results were unexpected.

19 . Since I didn't know what was going to happen I didn't understand

20

what to do.

I had difficulty explaining why two of the experiments did not
change like I had predicted.

*n/a means not applicable
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TABLE 75

SUMMARY OF STUDENT WRITTEN COMMENTS FOR LAB N2

Lab N2: Standardization Titration

Student Written Statements

J1 I liked this experiment. It was fairly straight forward yet
challenging. Accuracy was important.

02 n/a* :

03 This and other labs were challenging. The idea is to get the
best possible answer. =

04 n/a

05 I think I understood the principle byt I suspect my HC1
concentration.

06 More time should have been given to teaching proper titration
techniques.

07 I'm glad little help was given. It gives us a chance to think,

08 I found it very confusing to try and figure out the concentration\\\
of HC1, :

09 nfa

10 Gettinpg the results or observations was easy but the application
of themin the final report was difficult.

11 It was very easy to overshoot while titrating.

12 Arriving at the end point was difficult,

13 My results for all trials were similar.

14 n/a '

15 n/a

16 Very challenging experiment.

17 n/a PN .

18 This experiment was ¢hallenging., An excellent illustration
of acid-base stoichiometry and polybasic species.

19 This lab was interesting and challenging.

20 This experiment was confusing at first.

“n/a means not applicable
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TABLE 76

SUMMARY OF STUDENT WRITTEN COMMENTS FOR LAB N3

Lab N3: Titration - NH

3 3
Student Written Statements

01 I had trouble drawing a titration curve. .

02 My NH, concentration may be totally out because I'm not sure of
my HCl concentration.

03 Everything done here depends on what you did the day before., .

04 n/a*

05 Difficult lab because the results depend on Lab N2,

06 I don't feel confident about my NH3 concentration because of all
the errors and the value of HCl concentration from Lab N2.

07 nfa

08 I s5till have trouble understanding titration curves. I really

‘ enjoyed this lab. It was the most challenging to date.

09 This lab was too dependent on Lab N2.

10 I did not like the idea of using the concentration of HC1 from
Lab N2 for this lab.

11 Generally I don't like labs . . . but titrations are much better.

<12 I have improved my titration techniques since Lab M3, Mo~
would have been a better indlcator. It would be more difficult
to overshoot.

13 My NH, concentration is unsure because of. the HCl concentration.
Questions on N52 were okay except for the titration curve., I
5till have problems with them.

14 I felt I knew what I was doing in this lab. It went well.

15 I 1liked the experiment but I'm not overly confident about the
results.

16 It wasn't easy to arrive at the end point.

17 This- lab was straight forward and easy to understand. I like
titrations. It is interesting to see how our results will
compare (with the teacher's).

18 This lab was not very difficult to perform but the final results
are too dependent on results of Lab N2. I was not very confident.

19 . I had trouble with the titration curve.

20 n/fa

“n/a means not applicable
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TABLE 77

Summary of £;B~Na Student Written Comments made on the solicited
Question: "How do you like this type of laboratory experlment as

- a learnlng experience?"”

Lab N4: Common Ion Effect

Student Written Statements
01l A good way of lehrnlng. DR and FR the key; however, handlng in
the OR was a tense situation at times.
.02 I liked it because I had to organize my thoughts and "I knew

what I was doing before I went into the lab. There i1s more than
one way to perform a lab.

03 Labs need to be done more than once. I like to modify my design
but unfortunately we did not have time and noon-hours were not

) convenient.

04 Absent

05 . More time was required by me in doing these labs (than for

ALCHEM 10 and 20) but it was worth it. I felt more confident.
I liked the freedom given to the student.

06 A very interesting way to approach problems. It seemed more
"scientific'" and more challenging.
07 I learned a lot from doing it my way. If I made a mistake I had

a chance to do it over again. Designing labs was good and I
became more aware about exactly what I was doing--maybe actually
thinking like a scientist!

08 A'good method. Writing DR gives us a better understanding. The
OR helps to organize data and see relationships.
09 A pood idea to do more of the lab ourselves--we seem to learn

more., Difficult at times without some of those hints. I enjoyed
.Chem 30; wag very interesting--more than ALCHEM 10 and 20. For
the first time I liked learning chemistry. I had time to think
of what I was doing and was able to understand it.

11 It is easier to follow the lab manual but in doing the design
you learn considerably more. _
12 It is a lot more work than (ALCHEM 10 and 20) but the extra

research and time spent preparing make the labs that much more
worthwhile. We had to learn from our mistakes. I found the labs
enjoyable and challenging especially the titrations.

13 We have to understand the lab before we do it when writing DR.
This system should have been started in ALCHEM 10 and 20. A
good system.

14 This type of lab is much more challenging (than ALCHEM) Instead
of following directions you are made to think about what you are
doing. I learn more this way and I found the labs much more
interesting. Some of the labs were very long.

15 I liked the program this year because I felt part of the class.
In Chem 10 and 20 I just did as I was told but in Chem 30 I

- . felt I was making a good contribution to the class. ‘
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TABLE 77 (Cont'd) -
Student Written Statements
16 These lahbs aré a lot better. They force a person to think and
_ are more worthwhile.

- 17 This type of lab is better than the "work-book" type. These labs
are a lot of work however. But they make you think through them
before . « . Doing your own DR madf things a bit less frustrating.
I liked being more on my own in Ch 30, and there were more labs
this year. - )

18 As a learning experience the type af~lab we did this year cannot

be 'beat'. I learned more about doing labs this year than I did
in any other previous course. It took more time preparing,
however. I enjoyed the lab set-up very much this year.

N



327
TABLE 78

SUMMARY OF UNSOLICITED WRITTEN COMMENTS ON LAB N4

Lab N4: Common Ion Effect

Student Written Statements

031 I feel the lab program was successful. Interestlng.

02 n/a”

03 I like doing labs once (then thinking about it) then modlfylng_
deslgn P

04 n/fc™ '

05 Unsure of my hypothesis and predlctlons. -

06 More work doing these labs (than ALCHEM 10-20) but has paid off.
Ii feel more confident. Know the material better . . .

07 The interpretations for this lab were the most difficult.

08 I enjoyed this lab except writing the FR.

09 This method of doing labs is good. DR gives a better
understanding of the skills needed and the reasons for
techniques used. OR and FR (same as DR},

10 It was difficult to predict in this 1lab.

11 Labs were*very interesting although it would have been nice to
have a lab which dealt directly with the outdoors and things
that affect our lives directly.

12 I hope we will go over (this.lab) in class.

13 nfc

14 nfe

15 Writing our own DR meant we had to know what we were going to
do--not so last year.

16 I had a better understanding of what was happening in the lab
this year. .

17 n/c

18 nfc

19 The common ion effect was not covered in class--more informaton
was needed.

20 n/c ’

*n/a means not applicable

e . )
““n/c means no comment
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TABLE 79 o

Teacher's Log - Lab L1

Date Field Notes

"2/25/82 After going over the rules of safety on page 3 of the -
laboratory manual (Revised ALCHEM 30 Laboratory Investigations)
students spent the rest of the period equipping the lab boxes.
Students were looking forward te the year's lab work.

3/ 5/82 Lab Ll

Students asked many questions in spite of being told not to
ask questions during labs unless materials were needed or an

emergency arose. Getting in the DR's before the ldb work session

started was difficult and many students had not prepared the OR.

During the experiment there were few problems with the
neutralization. Some worried about the end-point. since no

‘indicators were provided. ° Bb™, Mo—, HPh, and litmus were issued.

Some indicators showed the acid solution to be slightly more
concentrated than the base., Some measured the difference and
wanted to know what effect the difference would have. It was
their problem to solve they were told.

The post lab discussions were mostly about problems and
errors in the reports. The majority failed to express their
design in quantitative terms; and many errors about formats,
cover pages, significant figures and other reporting techniques
were made. In the OR the errors were: failure to record only
that which was measured, failure to record all data, confusing
observations with conclusions and inferences. In the FR the
errors were; calculating molar heat; distinguishing between H
and &H and also between the heat of reaction and molar heat
of neutralization. The interpretations in the FR were weak.
Marking the lab reports was onerous.

General Impressions. During the laboratory session many
students seemed lost and asked a lot of guestions. Problems with
equipment, procedures, and general techniques were the main |
reasons for the difficulties, and it was apparent that students
were not solving their own problems but expected the. teacher to
do so every time a problem arose. Upon being told to solve their
own problems many expressed surprise but went about the task
willingly. The enthusiasm generated during this first lab was
undoubtedly due to the novelty of being in the laboratory. It
would remain to be seen if the teacher or nature of the experiment
were contributing factors.

r
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X TABLE 80 2

Teacher's Log - Lab L2

Date : 'Field Notes

3/11/82 Lab L2

Although students had been told there would be sufficient
time to complete the experiment many students came early during
the noon-hour to asgémble apparatus, cut and bend the necessary
plass.

~ During the lab period designs were being changed almost after
evéry trial. The pinch clamp shown on page ‘6 was a source of
concern for many students. (See Lab Manual). Many students '
experienced failures in attempting to measure the molar heat of
vaporization, but many of the process skills seldom mentioned or
experienced in a high school chemistry laboratory were seen in
this lab.

The enthusiasm was high for this class as it had been for
the last pilot class. The enthusiasm was due to the challenge
offered by the experiment, for Lab L2 was, for many students, a
teal challenge. Several students asked to work at noon and after
school in order to redo the experiment.

. General Impressions.- While this experiment was being field-
tested during the pilots it became apparent that students would
be required to work in pairs in order to accomplish all the
necessary tasks. Although this mode had not been contemplated
for any of the experiments of this study (Lab L2 is the only
exception), it was clear during the experiment that students
should be given the opportunity, at least occasionally, to work
with others. Working cooperatively to solve problems is an
accepted and necessary activity in science; and the pleasure
students derive while sharing tasks, failures and successes is
important and is also a practical way to experience the
"processes" of science., While in grade X and XI students have
generally worked in pairs because of class size, it appeared

_that students still preferred to work in paris.

A
p
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Teacher's Log - Lab L3

. \Date ) Field Notes

[

1/19/82 Lab L3

During the prelab discussions, students still asked questions
regarding "how much". The task of having to determine the design
in quantitative terms.was still a problem.

The class had some trouble performing the experiment: a few

" students tried to weigh ice on a paper towel and in other ways.
For some students the laboratory period was a learning experience.
One student said, "In my original design I wanted to measure a
specific amount of ice but I realized later while performing the
lab that it was easier to just add any amount of ice, then weigh
the ice later after it had melted.™

Since students appeared to be having trouble ‘with this
experiment, I Tirculated around the lab and asked several the
question: 'Do you not think it would be a better experiment if
you were told how to perform each step, i.e., be given the design?

' "No, this way is more interesting . . . I have a say in what's
going on."

"Well, maybe . . . but I like this system."
"It would be easier . . , this is OK."

"No . . . because I want to go to university and I believe
that’'s how you have to work there,"

"Yes, I guess so but I like it this way and I would not like
to go back to the old way."

“

)
"Vas, I would . . . I often feel® lost before the lab." . .

General Impressions. The first two lab reports required an
inordinate number of corrections and reminders. Students needed
a lot of help to write the reports. However, for this lab there
was a decided improvement in the writing, and fewer corrections
were necessary+. In spite of being given less structuring,
students were already learning somejimportant skills in
communications by means of the 1 Teports. Upon asking some
‘students how they enjoyed working on their own rather than in
pairs, the majority still favored working in pairs.

At this stage of the academic year, the students' attitudes
toward science seemed to be directly proportional to the level
of the teacher's expectations. Unless the teacher stressed
specific attitudes (Appendix E), few were exhibited, -

”
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TABLE 82

. Teacher's Log - Ml

Date

Figld Notes

3/26/82

Lab Ml

During the prelab a lot of questions were asked about how to
tabulate data. Students seemed at a loss to be able to organize
their data. Many brought up plans before the lab period began and
asked for approval. Although the class was doing the wotk
correctly many students were still not very confident about the
deslgn part of the lab.

There were two purposes in Lab Ml. The first required that

" students try to find, by experiment, which ﬁgaﬁtlons were
‘sponjaneous. The second required that students’ try to find the -~ -

relative tendencies of substances to react with each other--a more
difficult task. Only half of the class realized the significance
of this second purpose. After the FR were returned and during the
post-lab discussion many students complained that «the purpose. had
not been properly emphasized before the lab and during the prelab
sessions. Others said that the lab manual had not been explicit
on this second purpose. The experiment was a good lesson in
organizing data "in order to identify regularities.” (Appendix B)
The class discussion involved many students.

General Impressions. In order to have students produce work
at a higher level of inquiry students must be placed in challenging
situations. The setting that will produce quality work has to be
created first. Asking students to come up with a scheme as -
sophisticated as the one required in Lab Ml and M2 would~have
been fruitless unless the students had been placed 1n tl
laboratory situation which challenged them.

(



333
TABLE 83

Teacher's Log - Lab M2

Date L aadi ' , Field Notes

ndf - - - e . e - -

4/15/82 Lab M2

This experlment had undergone con51derab1e modlficatlon during
the pilot and some apprehension existed about how students would be
able to cope with it. The color tests which were demonstrated
pefore the lab were to enable students to distinguish each of the
species labelled A, B, C and X, Y, Z. See Appendix E, Revised
ALCHEM 30 Laboratory Investigation, page M2. Students seemed
rather confused and some said they were not sure how to determine
if a chemical change took place, The problem of classifying the
oxidizing and reducing agents was clear enough but some seemed
confused about how they were going to be able to find this out.

After the 1lab period many students expressed that they enjoyed
the challenge but they had been very apprehensive about the
mysterious reagents before the lab period began.

General Impressions. Lab-M2 had in addition to the setting
and challenge of Lab Ml the added interest of the unknown reagents.
This experiment, which had caused considerable anxiety before the
labwork started, turned out to be one of the more enjoyable ones
for the class. For the student, laboratory work will probably
always be considered more interesting than classroom seat work,
tegardless of the nature of the activity; but surely some
experiments ought to go‘beyond the ordinary and definitely
challenge the student. K Students were producing better quality
work on the-reports in this lab, and the class had apparently
ad justed to working singly.

e
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Teacher's Log - Lab M3

Date

4/23/82

Field Notes

- [ J— - 1

Lab M3

. One of the lessons learmed from the pilot study showed that
not only are the process skills learned in the lab but some of
the skills are best taught by training students. During the
pilot program it was found that students were unable to complete
Part A and Part B in the 80 minute period available. On the
second day instead of completing Part B the class was asked-to
redo the entire lab. The skills learned on the first day should
enable them to .complete the entire lab on the seond day. In
addition to the training which took place, the required skills
were probably learned because they were necessary and made
relevant by the necessity of the task at hand.

Few students complained about the time problem after the
laboratory period although ‘many students mentioned in the written
comments that they were Tushed during the experiment.

General Impressions. Students of the pilot and main study
always enjoyed titrating. The qued@ion is why. Getting to use
various types of apparatus, engaging in multi-step operations,
and not knowing the concentrations of the solutions all contributed
to student interest. But there is more. Students of both pilot
and main study had been challenged to compete with each other to
find the concentration of the solutions known only to the teacher.
They were told their values would be compared to the class average
and to the teacher‘'s. Indeed, students were externally motivated
in this experiment and they enjoyed it.
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TABLE 85

Teacher's Log - M4 -

Date _ Field Notes .

r

3/29/82. Lab M4

Students found the experiment interesting and many went about .
their tasks with a passion; however, the biggest disappointment
came while processing data. The relaﬁively large percent errors
obtained were due to the student voltmeter. The vacuum tube
voltmeter (VIVM) gave a much better reading but not all students
were able to use the meter since only two were available. Students

- were genuinely concerned about their results although the class
(mean) error was only 11%. For the pilot study, prior to some
refinements, the class error had been 30%. In attempting to get
better results, a number of students, having calculated the ‘
expected emf, tried several modifications. Most of the
modifications were of the trial and error type.

: s
General Impressions. This experiment has considerable

potential as an interesting and worthwhile acitivity. Replacing
student meters with high resistance meters, making available more
precise concentrations for the solutions, and providing additional
materials (solutions and metals) should enable students to obtain
greater precision.

- -

Students had come to the realization that their data is easier
fo interpret if it is obtained with precision. This possibly
explains why students are very'meticulous in making measurements,
and finding them very disappointed if results have a high percent
error is not surprising. In order to foster a respect for
evidence, students must be able to collect data which are bona fide
in at least a few experiments.
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! . . Teacher's Log - Lab Nl

Date Field Notes

5/ 4/82 Lab N1

v

In this lab students were required to determine the products
of 28 reactions (a) by predicting the products by the Bronsted-
Lowry Theory and (b) by experiment. In the interpretation (FR)
students were to compare predictions with observations then list
and discuss any confllctlng observations. Students found this
experiment very 1nterest1ng although it was difficult to see why
at first, The experiment was undoubtedly a good one but did not
appear as interesting as many students made it out to be,

During the prelab discussions students had been told they
would find anomalies in their observations. They were not told
which ones but they were told they had first to find the anomalies,
then find an explanation for them. Furthermore, students were
told, the explanations would not be found in the ALCHEM. materlals.
The students would have -to come up with their .own theories.

“"There are no wrong answers. ILf your explanations are reasonable
you will get credit.” Y

The experiment offered an unusual opportunity -to exercise
the process skill of interpreting data.

General Impressions. The majority of .the class was very
serious about discovering the anomalies. Some students repeated
parts of the experiment at noon-hour, others after school. Most
of the operations for this lab were repetitious and it was thought
that extra measures might be required to avoid monotony. Although
student attention and interest had not been a problem during the
pilot, the main study students had considerably more reactions to
investigate. In spite of the repetitious nature of the experiment,
student interest remained high. Discovering the anomalies and
explaining the color changes, the consequential aims of the
experiment were important to students. Furthermore, these
incentives were not only responsible for promoting interests but
were primarily responsxble for developing inquiry skill.

It was during this experiment that a particular student
activity was observed which had not been considered important
until now. The amount of pupil-pupil interaction during the
laboratory period was very active. But what made this activity
unusual was that it had been occurring throughout the year--during
every laboratory class. They were sharing observations, discoveries
and disappointments with each other. With more conventional
experiments—--those with less inquiry--students are not involved
with their work to the same extent and they do not display the
same interest and enthusiasm.
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Teacher's Log - Lab N3
1

Daée

5/10/82

Field Note%

No prelab or ﬁost—lab discussions were held for this lab.-
They were not necessary.

General Impressions. In this lab which required a titration,
the same interest was displayed by students as had been done for
Lab M3, the redox titration. Again, students were challenged to
find the HCl concentration. They were told that the concentration
of the HC1l would be revealed only after the post lab discussions.
The previous labs which required a determination were marked
without penalty if the experimental value was less than 20% of
the expected value. For labs Lab N2 and N3 the student was ’
penalized if deviations exceeded the accepted value by more than
7%. These penalties were seen by students as incentives.
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TABLE 88 ,

'  Teacher's Log - Lab N3

Date

Field Notes

5/11/82

Lab N3 ~
Students seemed to know what they were doing in this lab and
the teacher had little to do other than walk around and dsk
discerning questions to see if students knew what they were about.,
The concentration of NHy had been determined quite accuratfely to
three signifficant figures, and each member of the class was
competing to see who would get the best determination. The .
accepted value would be revealed only after the reports were
completed.

K - , .
General Impressions. Some students expressed concern that
their value for NH4 depended very much on the value obtained for
HC1 from lab N2, Unfortunately students were not told at the time
of the experiment that Lab N3 would be graded solely on the results
of data collected in Lab N3. These concerns apparently had little
effect on the class percent error since Lab N3 produced the
smallest percent error of the year (See Table 55). This was the
fourth time students had performed titration_experiments and,
not too surprisingly, their success in performing the necessary
manipulative skills was evident, In addition student attitudes

‘towards learning showed maturity not only during the performance

of the experiment but later in the quality of the laboratory
Teports.

& .
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Teacher's Log — Lab N4

"Tiate

Field Notes

5/16/82

-/
Lab N4

The process skills in An Inventory of Processes in Scientific
Inquiry (Appendix B) were reviewed during the prelab sessions.
On lab day before proceeding to the work bench students were
required to complete the DR as was customary. However, for
this 1lab the desipn report required students to predict what
would happen regarding the phenomenon stated in the Purpose.
In addition, the DR had to include a hypothesis for the phenomenon
followed by the customary experimental steps.

General Impressions. The skills of communication required
in Lab N4 were not more difficult than those which had been
required during the year but there were more of them and they
were varied. - The level of achievement in the processes of science
was evident, and students scored reasonably well on the DR and
OR; however, in the FR not everyone was capable of interpreting
the data satisfactorily. -Interpretations by means of
Le Chatelier's Principle were used by a few students, but not
too many students thought to use equilibrium or kinetics (reaction
rates). Nevertheless, the experiment provided the opportunity for
many process skills at a high level of scientific inquiry. This
relatively simple experiment provided students with a problem to
identify, a prediction to formulate, a hypothesis to find, data
to collect, and an interpretation to fit the facts.

1}

34
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