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- . Abstract

3
This user's manual described\a system for the observation and

\
analysis of elementary school sclence classroom instruction. The fsys-
1 , 3 . h .

tem provides a detailed descriptionﬂof the management and contenf of
sclence lessons, including both narrative and‘coded data,
« The system allows one to analyzé:classrooh instruction by dividing

-
L]

each lesson Into a'sequence of geparate activities or studeft fasks.
. : ' e i
Each task is characterized with respect to a number of fe:'urés, includ-’
4

ing classroom organization,. teacher and.student activities, conceptual

information content, and ;science proces% skills practifed. The system

; |

is designe%.to be used in conjucntionlw#th the Task Features Analysis

System (Research-Series No. 89); but it [can also b¢ used independently.
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: A.kystem for Observing and Anajyzing Elementafy . -
- Ec 00l Science Teaching: A User's Manual . ",
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-

Robért Hollon, Charles W. Anderson, and Edward L. Smith

. -

- Introduction

The observation éfstem described in this handbook provides

researchers aith a detailed descript?on Qf classroom science instruction.
It is designed'to provide da}a in a fofﬁcfhat f;cilitates its cémparison

_with similar dat;'obéained from ana}yais of program materials useﬁjin
the classroom (Landes, Smith, &. Anderson, 1980)." The system has been
used to describe classes at the upper elementary level but could bed

s : -1

used at other grade levels too. i ¢ -

-
E «
* -

+

+

Both narrative data and coded dat are used 1n this observation ..
,JJ

system. The narrat?ge daé/ provide a continuous detailed description
of clasaroom behaviors that occur during instruction. +The coded data ¢
prdvide descriptive information suirable for aomputer analysis. The

* + . » T M
dombination of two types of data allows large amounts.of detailed

-

information about the classrdhn td_be_rapidly récorded. .,

PR

The observation system contains three majhr’barts, (1) classroom
* A ) - Y PR
observatiom forms that are completed during the lesson and serve as

-

field noted, (2) task descriptlon forms that are filled out after tﬁe

-

.

lesson and rrovide detailed descriptions of each task 1dentif{ed

\ - - ,
: ) el B I

1Robert Hollon is a graduate assiBtant in’ the Science and-Math |
Teaching Center. Charles W. Anderson is coordinator of the Elementary
School Science Project and an MSU assistant prQfessor in Science and
Math Teaching Center.and’ the Department of Stydent Teaching and -
Profgssional Development. Edward L. + Smith is an ‘associate profe&sor
in the Science and Math Teaching Center and i?e Department’ of Secondary .
Education and Curriculum. N A ‘ .
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duriﬁg instruction, and (3} a lesson summary, also cohpleted afpe}
the lesson, which provides summaiy information about thg lesson as

a whole, including additionalrinformétion not directly observed during

-

the course of instruction. ° : " s _' /? -
. ’ An Overview of the boding_}rocess o LN
. Four steps aré involved in the coding of each lessof. ) .

(1)." Classroom observation forms are completed as the observer

watches the lesson. At 10~minute 1intervals, the observer records = -

-

informdtion describing the classroom as a whole, including noise level,

teacher and student activities, and teacher location. ' The observer

- - -

tion of the lesson. : (- I ” S

b

also takes notes that will serve as the basis for a narfjtive.descrip-

. (2) After completing the observation, the observer analyzes the

forms to ldentify all student tasks presented during thé lesson. After

all tasks have been identified, they ;re numbered 1in 6rdér_of occurrence. -
Student tasks ;re the bagic unit of 1nétruct10; in tﬁis obser- L

vﬁtion system; the le§son 1s vi;bed as a'éequenfé of ;tudens—tésks.

' The content and sequence of ta;ks obsérv;d during the iesson can be

compared with the sequence of tasks described 1n'the.program materials

on which fhe 1eséon 15 based. . ! _”; - K ‘

(3 a Eask description form 1s coypléted for each fj;k identified. .

* . - —

“ * These forms enable the observer te code detailed information <bncerning - .

- the naturd of each task and to record a narrative description of

.

ancher agd gtudénx behavior while the task 18 1in progress.
PR (4) The observer completes a lesson summary sheet. This form
summarizes the coded classroom desc;iptions from the classroom obser-

vation forms and provides space to Tecord notes regarding teacher -

o
* »
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knowl;sée, o ents from 1ntérview9 with teachers, and.descriptions
> - . "

“of the larger context inte which the observed 'lesson fits. The

.
observfr also rates the overall lesson in terms of studeJ! learning, .

managemeént, teacher knowledge, and enjoyment;

. {/f\wx_ .
" The four steps in the coding process have been summarized rather

briefly. Bach step will be examined in detail in the followiné sections. -
" . A

L]
Classroom Observation Forms,
Clagsroom gbservation forms are used whﬁle the observer is in the
LI . ';j '»_' =

classroq&. The 1nformationl which 1s recorded in rough form, provides

the basls for all further analyses; thus the oFserver must record as

much information as possible. A completed sample of the classroom
oBﬁervation form 1; shown in Figure 1. This expmple will be used to
' v . Y .
illustrate the manper in which information 1s‘r#corded. .
. » ’ .

The classroom observation fqrm contains four gections. The fop
. kS ):f

+

gsection contains spaces for recording the date, gtudent grade level,

tedcher's name, lesson topic, the number of adults in the room other

than the teacher and the observer, and the number| of students in the

rqoﬁ. Page numbers are entered ggnéeputively for| the entire lesson..

» - .

The code number uni&uely identifies each lésson,

about the teacher, subject, date, and observer.
* .

minute interval during the lesson, with two exceptlons:’ The first

The sample classpoom observation form-in Figure 1 1 dicatéé that the

.

. time interval began at 2:20.

. ’ ’
_ The last observation interval may ?lso be less‘ han 10 mimutes,

&




Aruitoxt provided by Eic:
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. .
Date /9'/// Teacher {Lode Number Pape ot
Grade f£ Tapic _&Qg_qg’ . . Other adults D No. of Students _ &
. cLassRoo pescrrrBion > -—
. Nolse Teacher Locacion Teacher Activicy :
TIME F‘m“r"“ir‘ftﬁ's s@@un  frlsrrcoo ‘@wcp I 6 TH OMON M WOT O
[ [ 234567 2 3 & 2 6 1 a_ 9 -
Student Actlyities * N
axo | / : O |[on Task OFf Task
. . LIS WRT MAT RDG TLK PROC ? HOT TLE MISB .
! 1 2 3 4 5 6 ? g8 9 10 . :
’ X S 2 ) P ' ’
- : Student i Teacher Activicigs | Scudenc Activities .
! Ti:k if1 1&\ T:5 Aa " |§¢ responses vary -
i ent cat 'Wwf J. r,u gr ! duirs ‘|‘I|K‘
. ar/ / / : O (%3 Mﬁ Whet a"o)nu heay in | wlnd. .3‘.«:!! Palki’
:' ) f'fll * ’ 50 <. . +
’ . m peaple, Som -1
203 | /1710 (M oehine Soad T What is sound? ST a :
: uj What /s nacesscr'y ‘o fhansduz.s A a.“? ait
‘ have & Sound ? | their sciance Aook.*s Ab- .
‘ : ’ | bedy Says vibratlons . ]
| ' - TeWhat hoppens when .*We cart haar 1* *nothing
s 1 we doot ke soun }ms”- several studentS
- I » | are visibly vestiess,
L 1 ”»
. 1 . r -y .
225 '3 |10 Mo bsarve [ToHasashingintpor, St leghat sting - o'
' and compare hen plucks aﬂ;’é ; ) &t moving, the shing
1 |otringand Shidan? HElps | ok unkess 1Hs Hght. * Shedorts
I rubber band make noise s Sfrit e, -bma& a
(R Yow are ﬁe@ﬁ(&ﬂﬁ“"’r g v
. j . .- |Why doasn*t the stri | Sound - Someone ”'/r d
‘ A4 mu noise mksf #y.y both vibrate.
N - i
* ‘ Srotched tght 74 | ,
- - 1 i — '
. . . 1 - ] .
K . - .
. _._,_‘ \ l . [ d
FORMATS _ ’ Materisle uesd by students
. AN ’
. L. Lecture/discussion led by teacher’ 1. MHone - ‘- ’
- .2: Procedursl directions from teacher ° 2. Manipuldble sciemce materiels -
3. Demonstration by teacher *3. Books
4. Class led by student 4, Workbooks
5. AV presentation 5. Tescher-prepared workeheets
. 6. Small groups, same cask ' 6. Other worksheets ’ -
7. Sma}l groupe, different rask }. Tests * /\_
8. 1Individuals, same task . 8. Own psper, notebooks
9. Individuals, differenc casks 9. Movies of filmstrips - :
10. Tranaicion . - 10. Reeoida or audio tapes ‘ -
ll.- Dead time ' ~ ll.  Art materials » .
12. Other . . 12. Gamea or.puzz
’ ' 13, Materials not lncluded above. o . .
-{ - { ¢ -
Figure 1. Sample completed classroom observation férm. ’ ¢
- ! IS .
_ ] - ] \ ] j
O ‘ R ) -~ L 3 .
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h ] * - .
depending on the point at which thé teacher indicates Ehat‘thé lesson

A ),
1s finished. ' ! ! 4

¥

Classroom Descrlptions

L3

P « The second section of the classroom observation form, the class~
room description, p}ovides a snagshot of thé classroom as it appears
at the begiﬁning of each observation interval except tﬁé firiﬁ. The

information to be recorded in this section 1s summari;eﬂ’felow: . ,//
(1) Time. The time at the.beginning of the observation interval

1s recorded in the left block. L

(2) Format. The category best describing the clagiroom organi-

Y

A

zation or format'at the beginning of thé observation interval is
£ )
selected from the list at the bottom of the observation form and its
L 4
number 1s entered in the appropriate block. The sample classroom

observation form has the nugber "1" entered, indicating fggf*?ﬁaﬁstu- . -

[ . LY

# ‘
dents were engaged_in a discussion led by the teacher. The formats
are summarized beloy. .

1. Teacher academic presentation to the whole class
(lectures or class discussions led by the teacher).

2. Procedural directions from the teacher to the i

’ whole.class. .
” . * .
3. Demonstration by teacher using manipulable science
materials. ’
4. Student, presentations to the class or class dis-
cuSS}on led by students. » .
' 5. , Perlods when the whple class watches a movie or a

filmstrip or listens to a record or a‘tape recording.

% .
6. Students working in small groups-on the same task.

7. Students working in small groups, with different
groups having different tasks. :

8. Students working individually, with each student
working on the same task.

-

ERIC o | 11




. 9, Students wotrking individually with different :
studawts having different tasks.

10. Transitionkfrom one activity to another {i.e.,
tasks completely lacking in information content ’
and used #imply to advance the course of a lesson. ) :

A transition implies a-period of time when students
. are doing something §olely to prepare for a
subsequent task, such as picking up materials).

3
11. Deaqd time. No purposeful activity going on.

2. Othgr activities not covered by the preceding ‘ "
catggories s . ¢ - -

{3) Materials. The kind of materials being used by the

.

students 18 recorded in this column. ~ Ehe column is’divided into” two

sections enabling the observer to record instances when students 3§e
N .

. using two different kinds of materlals. Code numbers for materials

¥ ]
used by students should b selected from the 1list at the bottom of
the alassroom observation form.and entered In the appropriate block.

If only one type of .material {s in use, 1ts code number 1s entered

in column A, and a zero is entered in columan B.

+

: i Note that materi used by teachers are not coded. The sample

observation sheet 1s coded ™"

in column A and "0" in column B,

—_—

indicating that no materials were being uaed by students at the begin-

. > —
ning of ghe observation.interval. Categories describing materials
are summérized‘yplowo

1. No materihls in use.

\J 2, Manipulable science materials.
: 3.’ Textbooks pr other books. ‘
\» . e
4. Workbooks. l . -
* . 1 ]
5. Worksheets prepared by the teacher.
. . /
., 6. Morksheets prepared by someoné other than the teacher.ﬁ'
i 7. Tests. . R )
—~ . ) . o

ERIC R - ~




8. Students’ own paper or notebooks.
9. :Hovies or filmstrips. . )
P f
' 10: RecoFds or aedio tapas. \\\\
11. Art materials. ' *
) 12. Games or puzzles. ' . T A |
X 13. Materiale not included in the above cateﬁgries: -

. (&) Noise level.”

Theeobserver ﬁescribeé'the noise level of the

&lassroom by using ohe of\the.following descriptors, ‘(1) silent (8),

- . - -

¢ quiet‘ (Q), (3) moderate (M), acd (4)"'ﬁoia;y (N).

(5) Teacher location. The location of the teacher in the room
13 described by the following ‘codes. A _ \
. Code Number Descrigtor . .
. ; —— » = s
1 0 (F)} Front_of classroom i
2" (B} Back of classroom e
) 3 (L) Left side of classroom (viewed from perspective
‘ of person at front of _room facing clasy)
LA (R) Right side of claserOm
. 5 A (c) beytér of classroom
. ] ' . .
6 (D) Teacher at desk )
S ' ‘ X -
] 7 (0) Other (or out of classroom) i

- ) (6) Teacher activity. The teacher's activity is descriped with’

the following codes.

B q’. .
Code Number Descriptor . "
1 (WCA) Whole Class Academic. The teacher 1s leading a *&
. * discussion or making a presentation concefning =
. some acgdemic matter to the entire class. »

-~

(WCp) Whole Class Procedural. The teacher'is giving ’
directions to the entire class. ..

tfﬁj The teacher is talking to an individual.’

| R s ‘1'3 _ L '"T' -,
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Code Number cont.”

4

-

Descriptor. cont. ~
- A\

. (8G) The teacher -1s tp}king to a small group of students.

il
-

(MAT) The teacher 1s using s¢ience materials.

. . (MON) The teacher 1s'monitoring student activities.

: (Pﬁ) The teacher is éngaged 1n paper work

. (NOT) Ihe teacher 1g doing nothing (as far as the
' ob%erver can tell). -

(0) Other (or out of room). o E

~ Fl

: (7) Student activi:iesfi-Teh categories are used to describe

Code Number

r
. (NOT) Students doing ﬁefhing. N .o

k)
-

stugent activities.. Nine .of these categories are grouped Into on-task

El

and of f-task behavipre; JIn the spate below the appropriate category,

the observer reeordg the‘number'of Etudents enéaged in a particular

behavior at the time of‘the clasSroom description.

, tr - .
! : DescriRtor S s -

-

(LTS) Listening to the teachér 9: anocher student.

[ W . at
N " - sow "

- “ n

(WRT) - Writing - . )

(MAT) Working with 8cience materials
(RDG) Reading *

‘ i L .
(TLK) Talking to the taacher, the class, or another'
student‘about a_lesson-rE}ated matter.

or putting away matérials. T

() Studeeta that ceuld not be .seen by,the observer
(neither on-task nor off-task).

¢

(TLK) Students engaged in social talk unrelated to the
lesson. ) : "

(MISB) Students actively disrupting the class.
¥ . 1

0

%

b

(PROC) Engaging in a ﬁrocedural task, such as collectf;; .
" ¥




Co N :
The sample c}assﬁPom dbservation form began with a classroom

-
-

} deﬁcﬁiﬁtion at 2:20 p.m. At that time the students were engaged 1n a

clags discussion (Format 1), they were using no materials (materials

£

code 1 and 0), the noise level was quiet (Q), the teacher was at the front

- \
of the room (F) é?gaged in a whole-class academic activity (WCA), and
, , ./

16 étudeqts were listening, two were talking off-task, and two were

P .
!

-

doing nothing.

Narrative Notes

.

The remainder of the classroom observation form is used to record
narrative descriptions of classroom instruction. Columns for recording

time, format, materials, reacher activities, and student acti?ities are
3 - i
found on both the front and back of the sheet. An additional column

labeled "Student Task Identification” 1s present. The use of this column

1s discussed under "Task Identification,” below.
Narrative information 1s recorded continuously throughout the
observation interval. To maximize the amount of detail contained {n

the descriptions, the following conventions should be observed:
) 1. BRecord the time periodically during the observation inter-
val. Thia enables the observer to examine the amount of
time spent on particular activities or tasks.

" 2., Record the time, format, anmd materials' codes every time
"+ there 18 a change 1n format or materials, or whenever am
event occurs which Iinterrupts the lesson.
3. Record déscriptions of teacher activities and student ac-:
tivities in the two columns at the right. -Include specific
. remarks that indicate a change in the focus of the discus-
sion, descriptions of activities, student questions and
+ answers, comments concerning stuqent attentiveness, be-
haviors, and so forth. Descriptions need not .be gram-
matically correct, but should be 2as detalled as possible. ’

The sample classroom observation form indicates that at 2:21,
‘the students were engaged in a discussion with the teacher. No

bl - . T

materials were being used by the students. The narrativé'descripiion

15




describes the discussion topic by quoting a teacher question. ’'Name
some sounds. What do you hear?" Several stpdent responges are recorded.
The time.column indicates th;t th@é activity continued until 2:23, when
the teacher changed the focus of discussion from naming sounds to L.
defining sounds. The shift in emphasis 19*111ustrated'ﬁy the narrative
ﬁescriptionsf’which.contain a new teacher question and several -student
resgbnses. Note t@at the description of student activities also con-
tains descriptions of students who afgn't actively involved 1in the

discussion as well. as the comments of those who are involved.

1

At 2:25, the ghrmat\gf activity Ghange; from discussion to a

i

teacher demonstration. The new~format code ig recorded, as well as
the codes for student materials. The demonstration 1s described 1n
detail in the narrative column under "teacher activity:”" Student

- A}
reactions, questions, and comments Indicate that the demonstration _

a R N \
was wel{ understood-.

\
L . -

The descriptions in the sample élassroom obsegyation form ié’ps—

BN ’ -
trate the general pattern that exists in recording data."Each t1lme the
¢ v ' .

. focus of activity or discussion changés, the observer records the time,

'y

format, and materials coded for the new act}vity.a Details of the new

- >

activity are recorded in the narrative section. ft -

»

toe " Task Identification

L

The remaining column on the classroom observation fbrm,‘Studentl

&

Task.ihentificatiqn, is use& by the¥observer to‘identify, name, .and
number the ﬁtudgnf‘tasks. These tasks are the time segments used for
Aeéailed andlysis of the lesson. Student tasks are identified soon
after the observation, while the detailé of the lesson are st11l

1

fresh in the observer's memory. For each task identified from the

o - ’ : ' T e .
ERIC . - )
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-
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7 a
! i

notes, the observer regords a short (escriptive statemént identifying

- v

the task, such as "prepare for science class," or "define sounds."
-+ + . LN " " .

After the observer 1s satisfied that all tasks have been identified

for.the entire lesson, the tasks ;re numbered sequentially.

The sample clagsroom observation form illustrates three different
tagks. At 2:21, the teacher asked the students to "hame some sounds.'
During the coufse of the task, severa} other questions were asked,
including, "What do $ou hedr?" Because thg questions were all related
to the students naming sounds, no new tasks were identified.

At 2:23, the teagher, asked, "What 1is so;nd? What 'i1s necessary to
have a sound?” These questions changed the focus of discussion from
naming sounds to defining sounds. Since the answer to the question,
"What are :he students being asked to do now?" changed, a new task

e
was identified. At 2:25, the teacher begiqs a demonstration. The

Ehanggyiqfformat of the lesson indicates that a néw task has begun.

Hchangea in information

Indicators of tagk changes 1iXClude (15

- hd LY £ .
content, or focus of discussion; (2} changes.in materials used by teacher

or students; (3) changes in the format of the class; and (4) transition
. . .
periods, such-as passing out papers, finding materigzz, and clean-up

.

gctivitﬁés. qunsitions'are coded as séparate tasks.

Numercus simultanecus tasks can exist, especizlly in situations
v - »

where students are working with individualized maiprials or are working

on group projects. Bach task is identified and coded sepafately.

i~The program materials analysis can alsc be used to help identify

P

‘sks 1f. the observ&l lessfrn closely }olloﬁa the program lesson.

E i
The program matdgials tasks can serve as an organizing framework for

#

separa*ing tasks in the obgerved lgsson, especiaily in those instances

where some question exists about whether an ad??@!ty represents a part

17
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of some previous task, or is a sbparate task in itself.

\" 2

. -

Task Description-ﬁafﬁé

After all studeft’ tasks have been identified and- numbered, the -
obgerver completes a seéies of task descriptiop forms., These forms .
provide a detailed description of eaﬂh task in ;:e lesson., A sample .
of a completed task description form is pro;iaed in Figure 2.,

The task descriptioﬁ form has three parts, (1) the top part to '
record general 1nfbrmation 1deqt1fying the task, observer, and classroom
teacher, (2) the second part for numerically coded infofmation describing
the_ task and written supporting 1nformation: and (3) the final part, a
narrative daycription of the classroom events which occcur during thg
/

task. Each part of the task description form is explained 1n’detail

in the following paragraphs. ) . .

Coded Information and Comments

r W ¢ ' i

The second part of the form contains 11 different task descriptors,

K

coded numerically from the information contained 1n the classroom obser-
. . ) -

vation form. For geveral descripto%s, space 18 available to record
]

additional ¢clarifying infqrmation. The descriptors and the coding .

LY
Al

instructions for each are listea below:
Task, FEach task is assigned a code number congsisting of the lesson

code plus two digits. This number uniquely identifies the task. In the
N a

) . - . ()
column entitléd "Additfqgal Coﬁazhts," the observer Efans%;;s the task
- . a

degcription that was recorded.in{the "Student Task Identification"

cglumn of the classroom observation form. -~ :

Time. Spaces are ;;ovided°50 record ;he tinﬁbof boéh the task's
beginning and its end. N -
Format, The format codg 1s transferred from the classroom cbser-
SR ¢

» L3
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oate _j2./i ossever _ Hollon Tiacex __ 32
CODE ,

HUNBER
TASK DESCRIPTION FORM
1211323403 &

ADDITIONAL COMMENTS
TASK Pefine Sounds
TIME N Sraélé 5:035
/
IR

DESCRIPTIONS

FORMAT
a .

MATERIALS
TEACKER ACTIVITY 0

STUDENT ACTIVITY

INFORMATION "
Ao a3

e e .

J

¥

SCIENCE TASKS AND .
2ROCEDURES 0 o

- 0| o
Task #5 - Detnonstrafion OfWZIlMMW ‘|
' i

FUSCTION & LINKAGE
REL#E& PROGRAM ‘ZH‘B
v {
i
Yy

The haclwr asks the class, "What is a spund? ¥ “Whatis necessar
tv have a sourd 7" Sevaral students’ raise their honds ond the teacher ealls

one at a time. Sample answers include. *Things move * and ‘pecple .’
th is the deFinition given in the book. [ -

on rpf‘r
No tne uses The word *vibrations * which
As The tracher. asks the gmf;m ond the Studenl's answer, there s
considerable restlessness in the elass. Seme Students amaefﬁry out mm
science books, others +u/k among +hemselves. /r‘
. The hacéor then asks, ‘What ha ens when. -we a’onw‘ mm('e Sounds 2
Sam /' answers include “we C‘an'fbear /‘f and A/o?"ﬁpmj mores. ' The restless

-

activity in the elassroom continues.
\ L
‘ ’ —aF

Figure 2. Sample of a completed task description form

- e

ekl o 0

T —— s
L
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¢ ’
vation form. Additional descriptive information (e.g., the pumber of
stuészg'in eac? group) is recorded as necessary under "Additional
Aments."‘

Haﬁe;ials. Code numbers for materials useﬁ by students are trans-
ferred directly from the élhsaroom observation form. Additional
descriptive 1nfor¥ation (e:g:, the hature of sclence materials belng
used) is recorded as necessary under ""Additional commeﬂtg." Materials

»

being used by the teacher are described under "Additional Comments,’

but are not coded. ’“\\

£

Teacher activity. Teacher activities are coded according to the

Q

list presented on page sev#h, Spaces are provided to ﬁ?cord two
teacher activitied. The primary activity 1s coded in column A, and
the secondary activity 1is coded 1n columm B. If only one teacher

activity is observed, 1t 15 recorded in column’A and a zero 1s placed
™

in column B. 8in he teacher's activities are described in detail

in the narratife, no additional comments 'are recorded with the code

numbers.

Student,activities. Student activivies are coded in the same
-q -

manner as teacher activities. The list of student activities 1s

[

presented on page elight. BeéaUBe the students'{activities are

described in detail in the narrative, no addiéiodal comments are

recorded with the code numbers. -

.

The student activities recorded in this seétion are those which

. the teacher directs the students to perform. Off-task activities

] are not coded unless they occur with the explicit permissiéﬁ of the
: s

teacher. *

"

Information., This category is used to compare the 1nformatio$
—_— vt

"
o A .
T el ]

-

‘ . o 120

-

- . ‘.‘
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- of information), each with its own code number. If any of those

L 3 ’ - - . ) r 3
content of the task with the information contained in Program materials.

-

L

The program materials analysis contrains a series of Propositiona (1tems .

propositions 18 addressed during the course of observed instfuction, . -

its code number 18 recorded in the appropriate column. Space for two .-

different propositions is providea. ' . w;- jb -
rovided

The medium or source through which each proposition 18 p

to the students is described 1in the columns headed "Source.” The{l ‘

primary information source 1§ recorded in column A and the Second4ry

* .

source is récorded in column B. If only one source exists, 1t s

coded in column A and a zero 1s,placed in column B. The SOurce,'

codes are listed below. - : T * -
L
1, Teacher statement. . . . " ) -
2. Science materials used by students.
3. Books. .
4., Workbooks, —_— ‘ -
'S. Teacher prepared worksheet .. . -
6. Otheéer worksheet. . .
+ 7. .Chart or poster. i A

8. Written on chalkboard or overhead projector. .
9, Prepared visual materials such as movies, slides, film-

strips, or transparencies. .
10. Prepared dudio materials such as records or cassettes.

11. Statement by a student. . . -
12. Teacher demonstration. ) ) a . L
13 + Other + . .:h' _ -

-1f propositions in the program materials are Eignificantly moéi-

- +

fied during the course of classroo; inBtruction, the nature of those

+ -

modifications is described under "Additional Comments."’

. The informatfon section 18 used ouiy to describe propositions =

addressed both in the program materials.and in actqgf instruction. 1If

3

Lo A ‘ o .
the task has 11ftle information content (e.g., passing out materials)

or 1f the information content is different from adny., described 1n the

ES - 0 *

-ﬁ}ogram materials, then the coded columns are filled .with zeroes and

'. | S S
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lt.. !, - * ‘ |
4 1 " .n
' 13 + - - g ., .
i ]',6
n * ‘ - e
. ; . Q : ¢
the "Additional Comments" section is left blank. ) Y .
Propositions that are .; part of the observed lesson but a.ﬂe,noft I+
/ * . "
a part of the program mategials are described.only in the narrative 3 ‘
. F * . ) + i N !
gection of the task description form. - . ‘“ e,
) i ‘ ' ' ) f- ‘W\ .
Scdence Task and Procedures ‘I‘his section 18 used when the st.udengs

+ .

perform tasks that help them to gain skill in processes (such as cﬂssi-#
- N &! -
fication or testing hypotheses) that are, themselves an important“‘form/
! - i . e .
of sclence knowledge. . : v ge J .

3
<

*

Other tasks merely provide a means for the. acquisition of coﬁ-— ",
|

ceptual knowledge (e.g., reading the text), or facilitate completion T

of the lesson (e.g.,{rrﬁ&{i{desks). 'I‘asks of this nature are not‘ ) -
" . . . Y - . " + Q
coded in this section, and geroes are put in all columns. M:. :

Science tasks and code numbers are_ as follows:. . b b .
10. Design an(kplan investigations (subs;antiélly all in one LIPS "SPC %
task)}. . K coeT * . s
11. Formulate problem or question to be investigated., ~.. . &

® N o . .
. . e . - W, ‘ ‘
12. Formulate hypothesis to be tested, . L % > oo T
- n B -‘ ’ Ce * ¢ R pooey e - "
13. Design.a measurement or observation-.procedure. ﬁ <
{ : . »rq r ‘,‘ I A _o. .
14+ -Design an experiement. - > e .\*‘5’_‘* ‘q e M
» - o —
» 15. Predict a result. \ T . % RS R
, 19. Other. - A
. AT
. N P -
20. Carry out investigations (substantially all in one task).® 3
~ v 21, Observe., .. ’ i s ool
v t‘.‘ r. o, * -~ " ° ’ k“
. 22. Measure. , ) ‘ ' N B
- . ‘ ) ’ / ? y . -
23, Manipulate apparatus, . ? T e
24, Record results, describe observation. . e
Y . R . * R . .
29, Other. y } , o Ty s
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30. Analygg and interpret results- of 1nvestigation§.
31. Transforam results.

32. Deterﬁine relationship.

33. Formulate" generalization or model.

4

34. Explain a relationship. -

L

.39, Other.

.

40, Andlyze an iavestigation (procedure only). e

" 41, Analyze the design of an investigation.

42. Analyze the apparatus and procedures of an 1nvestiga§;on.

oy

43, Analyze the interpretation of the investigation.

49. Other. N ¢

E-S .

, * The comments portion of "Science Tasks and Proceduzes” is used

to note when the teacher specified the procedures that students were-
. Y [

to follow in completing the task. These procedures can be either

explicit (verbal or written directions) or implicit (students pick

+

up materials in a specific‘érder without any direction from the teacher).’

Hl"lenever a procedpre‘s recorded, under "Séjen_ce Task and Procedures,"

.

the narrative description of the task‘%hould'include a detailed

description of the prbcedure. ' - ™™

-

~ . .
Function and Linkage. The function of-a task 1s a description

of how that task fits together with other tasks in the lesson® and

with other lessons, or a description of the-teacher's purpose iIn

-
.

havigg studenta perform'the task. Since tasks.may serve a variety
- - . ‘ '
of functions, no codes *are used in this section. The function 1s

7

described in the observer's own words in the "Addttional Comments"

section. . v : i
The comments section is also used to record othet tasks that

£

are directly related (i.e., linked) to the task being described.

23 N
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-

o

-
The relationship between two tasks Is determined by the function of
either or both tasks.. The observer should record the number (s) of

the relatedfiask(ﬁ) and' a brief description.
- .Not'all tasks will be linked to other tasks. For example, a

_transition from reading class to sciencq class of;en involves tasks

that are unrelated to any tasks oﬁcurring during the science.lesson.

=

Related program task. This space is provided to record the code

number of the task described in the program materials analysis that
corresponds most‘glosely with the observed task. If-the program

1 . .
materials contain no description of an equivalent® task, this space

.
is filled with a zero. \.

o

é
Narrative Task Descriptions

¢« The ldwgr portion of the task description formiis used%to record

'
- L]
-

.a getailed narrative of the actual instruction that\occurred during

the task. The narrative should be in paragrapf-form, preferably typed *

or dictat®d. 'Becauap the onl? sources of information for the‘narra-

-

';}15\?re the field notes from the classroom observation form and the

hl

observer's memory, the descriptions should be compléted‘as soon as ' \\

-

&

possible after the observation.

-, ’ -
The narrative should make it possible for a reader to answer ¢

~ \

t  the following questions.

- 1. What did the Eeacher and the students do during the task?

2. What did the teacher's instruc¢tional decisions, questidns,
answers to students questions, and the like, reveal about

- . his or her knowledge of the science content?

3. What did the students' behaéior, questions, answers, .
comments, and the like, reveal about their reactions to
instruction? Did they understand what they were doing?

A Were they enjoying 1t?

4 4

ol
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4. What procedural or management problems were apparent
during the task? How did the teacher deal with them?

Thus the narratives should contain detailed descriptions qf
. ’ ¢ ]
classroom procedures, the substance of classroom Interactions, and

- ’
individual student work.

The narratives for individual tasks should be written so that they
can be read 1in sequence as @ narrative deseription of the lesson as a

whole. . . -

Lesson Summary Form

The lesson summary form is used to record information cemcerning
-7

-

the lesson as a whole. The form has three parts, (1) a section to

1

*record information identifying the lésson; (2) a summary of the
clagsroom descriptions coded on fhe classroom observation forms, anq
. ! %

(3) a section‘for.yritten descriptions of the teacher's knowledge ofk
' . . ) ' o\
the scientific content of the lesson, teacher 1ntgrviews or discus- °

sions with the observer, and lesson context. Each section is dis- . \

N ' N,
cyssed in detail below. A sample lesson summary form 1§ provided in

F

Figure 3.

-
+

General ' Information

The top section of the lesson summary form contains spaces to

-

+ Tecord general 1nfofﬁLtion about the, lesson. The lesson descriptors’

include:
[+

1. Date. ) . // K

2. Time. Spaces are provided to record both the starting P

and stopping time for the lesson. . 7

. 3. Teacher. Space 1is provided to record the teacher's name
_and an identifying code number, if one 1s used. *

-4, sTopic. Record 'both the lesson topic and code number, 1f.

one 1s used. 3 . T

)
it}

H

-

~
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v LESSON SIMMARY FORM
Date Teacher J2- { ) Topic HUBJ () Code Number {23234 __ v
Time /2 toJ 45 Ocher Adulte Present: Alde Ochers _@_ No. f Students 2o ’
. Humber of Tasks /2 Observer l'b'hq i !
Observer Racinge: Learning _§ Management & escher Knowiedge Enjoyment §
. Tchr. Tchr. . ‘ -
Identifying Data Nolee Loca. Activ. Student Activicies
. . A On Task . Off Task L
. —— ——-—-—_ : .
- ~ ¥ .
A B . ) LIS WRT MAT RDG TIX PROC 1 ¥OT TLK MIS
f Taek Time For. Mat. ' _
Lian3g3%e2 2200 ( 4 ¢ 2 -1 ( & __ - ______  _ 2 2 _
22032340523 ) @ 0 3 4 4 B/ 25
IZHRINT 20 1 D 0 2 o+ 4 M . - L3
4. : ¢ -
5' _;..-___——-_d._.-—.-_ — A —— — — T —— — —— — — —
6' —— —— e —— — —— i —— . — — — ——— " — — — —
?' — e —— — — — i — —— — — — N — e Wt —

Teacher Knowledge - '

M e feachers Kpowledge of sound and refated fopies are quite -
good. No incorrect information was prasented®o students, nor ware.
there any situatons in which the feacher qppearad v lack the,
recessary bockground 4o respond accurdaly 4o student guestions.

-

f

Discussion with Teagher - . w7
3 The overalf direction of theinit was described (sound, sound ¢.energy),
Zrwas noed thatanly o of the Shudents <outd raad the Fext Concepts i

. Sciance) w:'ﬁmuf’é%‘cu/bﬁ ‘m&w/aﬁ'fgkcm included parent- -

teacher conferences, student saédu/e,cbanies, Y2 day school/

seosions dun'ng confarences.
. [ - .- - F

. F \ ) ’ P ’
Lesson Context . ’

The Jesson was part of g 2-week unit Which evwentually woukd  *
relate sound +o energy, a topic which students had discussed y
aarller, The discussion was partly review of prevously covered .

concepts and partly an introduction fo variations in sound.

-

5\ .
] -

. Figure 3. Sample lesson summary form. )

-
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5. - Code Numﬁer The observer ghould record the number which
. uniquely identifies the lesson.

-
-

6. Other Adults. Spaces\are provided to retord the number
", . of aides and the number of other individuals present

. © during the lesson (excluding the observer).

1.  Number.of Students. If the'Q:?ber of students present
. ) during the lesson changes, the observer should record
' the number of‘students present during the majority of

the lesson. + ~ ) .
L3

. ' ‘8. HNumbper.of Tasks. The bserver records the number of o>
. tasks 1qentified on the classroom observation sheets.

9, Observer';atings of learning, management, teacher knowledge,
and enjoyment. The observer rates the lesson on a scale

.of one to nire for each category. One (1) indicates a

low level of success (little learning, poor management, etc.)
and nine (9) indicates a high level of success. , The
criteria for®rating each category follow.,

¢

-Learning. The rating should reflect both the amount
that the students learned and the significance of what
e they léarned. The ‘observer should also consider student

Tesponaes, student questions, reactions to teacher state-
- ments, and the obaerver's own experience in classrooms
in making a decision. . .
Management. The rating should reflect the success
» of the teacher 1in maintaining classroom order and keeping
the students on task. *

"

t ) Teacher Knowledge. The rating should reflect the -

’ observer's perceptions of the knowledge possesaed by the

teacher. These perceptions can be based on teacher actions

Yuring claas, including answers to student questions, uae

of appropriate examples, accuracy of information,-obvious-— - ... .

- misrepresentations of concepts,'and ao on. "

*

. Enjoyment. Thia rating should reflect the studenta'
. " engoyment of the lesaon, as reflected in their behavior,
" comments, or questions. ,

L]

Claasroom Descriptions _ . .

- L]

The second section of the lesson summary form 1is us&i to summarize

"~

all the classroom descriptions recorded on the classroom observation

-
-

forma. THis provides an overall picture of the progress of the lesson. N

i

The clasaroom description q§ta 18 transferred exactly aa 1t éppears

o . . " . 2 7 * . .




1 ' ' a )
.on the classroom observation forms. The code numbers for noise,

.teacler location, and teacher activities are entered, rather than the
. . 4 ’

- the task -le progress at the time of eéchAclassroom description is alse

taken (or not taken) by the teachér during b;ass, explanations,
. [esponses tolgtudent q ions,:statements to the ‘bserver; or
.of the teacher's subject matter knowledge.

,If such a discussion takes place, sallent poigts are recorded 1in this

.bbtained through interviews with the teacher, and a desé;iption of .

N
. . . ¥ 8

alphabetical abbreviations. A§,an example, the classtoom desctription,

found on.the Bahple classroom observation form (Figure 1), has been

thcorded on the 'sample lesson summary (Figure 3). The coée number of -

recorded. . ) . Lo . B . i P

-

Written Observatiéns

The lower portion of the lesson summary form contains sections -

%

for'recgghing observations abput teacher knowlédge, information

=y

the ovérall context of the leséon. The 1ists below provide a sumhary

of topics to be addressed in each section. The observer should also

record other relevant observations that are not.on the list.

LN

Teachér Knowledge. .Comments should describe specific hcgions

responses Lo observer questions that reveal the extent of limitations

e
P

Discussioqg_:dth the teacher.. The 5bserver is encouraged to

discuss the lesson 1nforﬁally with the teacher before or after class.

- A EE

Sél':ion. C, ’ ) . ) " -

Lesson Context. Comments regarding the conteii In which'ﬂhsaon
took place might include the nl{rre of students (Bkills,‘?ek, race, etc.), .

-+ *

A ] s .
specific "salient” sgtudents, teacher chdracteristics and habits,

. ! * ’ ' -{
weather and teacher's health, and the Beneral clagssroom atmosphere.
- ) : iy
. T . n: . B .
L ~ 3 LT :
\ '.' - . . w ..
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L Appendix A
Blank Observation Forms ..

(These fotms'may be enlarged to an 8% x 11" formst‘ and duplicated for
use.)
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Classroom Observation Form
~ P S ) \
- ,
Datce Terchar Code Number Page
Srade Tople ' i Other Adults __° No. of Students
, CLASSROOM DESCRIPTION : .
- Nolse Teschar Location Teacher Activity
TIME | FORMATIMATERIALS sqmw FBIRGDO WCA WCP IN 3G TV MON M NOT O
1 2 14 1234 %67 1 2 4 5 & 7 3 9
Student Activifies
i On Task Of f Taak
L1S WRT MAT BDG TLK PROC ? NOT TLK ' MISB
ll- 12 3 & 5 ¢ 7 g8 9 10 .
K ' — —— . — —— — — —. * [
- : Student Teacher Activities | Student Activities
Task ]
! Idencification i i
I .
! 0w = !
N "
; { ! .
! . ' ,
L] l ]
-
t i
! i
' i
I -
] L . i "-:iv
' we |
| i
] 1 ’
! |
§ . | . Y
. s ! ! .
' Y 1
] -
| « v
.f‘b : | -
_:,- l | . +
> ]
t 1
F_._.._.__g . ] - 1 .
* 4 ! k] * -
] : ' A .
! * FORMATS “r K Mazeriels used by scudenca
L - ‘
1. Lecture/discussion Led by ceschar I.. None -
1. Procedurel direccions froa cescher 2. Manipuleble sciemce matecinls
3. Demonstrescion by ceschar 3. Books \ '
- 4, Clasy led by student 4. Workbooks oo
5. AV pressncecion 5. Teacher-prepecsd worksheetrs
- 6, Small-groups, seme task 6. Orher worksheers ‘
7. Small groups, diffscenc taek » 7. Tastce
r&. Individusls, same’cesk 8. Own paper, notsbocks N
9. Individuals, differenc tesks 9. Movies or filmecrips
10. Trensition 10. Racords or 4udioc tapes R -
1l. Dead time i 11. Art materiels
12. Ocher . 12, Games or puzzles
" i 17, Marerials not included above
o
¥
&

O

LRIC

bk -
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Classroom Observation Forp (continued)
] -
. 1
- - MATERIALS
L TASK TEACHER STUDENT
TIME FORMAT | & ' B | IDENPIFICATION | -  ACTIVITIES «  ACTEVITIES - -+
L] ! i
1 -
[} i -
1
! t .
I - t
0 I
LS "
' {
} t
! & | ;
\_ * \ :
. I
1
L} f I
1 i
" ‘ >
l - N * ]
s .
I ; )
; ) | F
3 : N ! -
] ' 1 \’
. t
1
! 1
t o7 ,
| 1
- i : ]
t "
1
v | ) :
I )
] 1
' 1
[ .
1
. ] 1
Ll
! :
.- & : o .
. r o
- I ) - 1 ™~
# I -
, !
“ ! L] ¥ I
- 1
) . 1
. . &
o : 31
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Aruitoxt provided by Eic:
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-]
. Task Description Form
L)
‘Q - Y
HUMRER DATE OBSERVER TEACHER
TASK DESCRIPTION FORM :
DESCRIPTIONS -« CODE ADDITIONAL COMMENTS
TASK ' , .
Starc |Stop
TME
FORMAT .
MATERIALS

TEACHER ACTIVITY

STUDENT* ACTIVITY

INFORMAT 10K
S — rﬁ e S — e — T Al U A Al TE FER Mu — P i e i e iy — e e i At A
-~
SCIERCT TASKS aXD
PROCEDURES
_____ L - = = e ——

¥

FUNCTION'S LINKAGE

RELATED PROGRAM
TASK




O

ERIC

Aruitoxt provided by Eic:

(L]

Date
Time to

Lesgon Summary Foxrm

Teacher s () Topic { ) Cods Humbar
Other Adulte Prasent: Alde Othera No. of Studente
Humber of Tasks Obaervet

: i

Obssrver Ratinge: Laerning ___ Management Teacher Faowledge £ajoyment ;
' 1

Lesson Contaxt

Tche. s Tchr. i f
Identifying Deta Roise Loce. Activ. Student Activities
_ ’ . On Tesk % Off Task|
S— )

. A B LIS WRT MAT RDG TLK FROC 3 uo'rm:;ns
¢ Task Time For. Mat. : |
1..'—-—- Sl Sl L — — — — — — — — — — ai— A — Sy
2 — e — L
kN .

Fra * ;
5 — — .  e— — —— — — — r— — — —— ——-----—Jl re—
T .
6. f
—————  S— S TEEEEENEE  — E—— S——— — —— i — . —— ——— —
2 Y AN
Tescher Knowledge
L T = ¢ "
B e
X
—_— &
' 4 -
.
Discuselon with Teacher v
. fay —_
e
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Science Lesson Rating Form

L4

-

Y

*

Teecher aumbar >
. - S

R . Time of lesson te

e o

v -

. -

_ Briefly describe the leeson: ,

-

/__ Langth of leseom

I
-
How many cimes hsve you teught this lesson befoke?
Ratings
1. How much do you thiok che studencs lesrned?
(Circle one number)
. 1 2 3 4 5= 6 7 8
A vary A grest
little desal

{Circle one mmbar)

1 2 3 4 5
A very ’
little

(Circle one number) -

1 2 3 4 5
Very

difficuit —

6 7 B
‘A great
dael

¥

4. Ovarall, how sstizfied ware you with the leason?

(Circle one number)

. - 1 2 3 4 5
Duu:uueg

+ 1980

How much do you think the students enjoyed the lassem?

3. How difficult was it to sanage student behavior and materials?

6 ? 8 9.
Very t
axey
6 7 8 9
Very .
Setisfied

Comsents On probleas, student reections, etc.
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¥

minutes.
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Appendix B
Observation System’ Codes




Formgts
1. Teacher academic presentation to the whole class (lectures ﬁr *
- -
class discussions led t}y the teacher). o (/ 4
) [ ‘

2. Procedural directions from the teacher to the whole class.

3. Demonstration by teacher using manipulable science matﬁriale.

4. Student presentations to the class or class discussion led by- Lol

-

students. ‘

S P
- . )

5. Perlods when the whole class watches a movie or filmetrip or

listens to a record or a tape recording.

. ' ;
6. tudenta working in small groups, each Sroup has the same task. ) ¢
7. Students working in small groups, with different groups having - ’
T F . ’ ‘
different tasks. ) A } . .

8. Students working individually, with each student working on the

séhe task. . . -

1 L3

9. Students working individually, with different students having

Adifferent tasks.

' [ a'

" r K
10. Transition from one activity to another. & o Toae ot

11. Dead time (time spent with no purposeful activity going on).

.-

12. Other activities not covered by the categories above. . . ]
Materials (Used by Students) ‘—/ . . . '
1. No materials in use. . - ' l ‘

2. Manipulable science materials.

3. Textbooks or other books.

' 3

4. Workbooks.

4 ' - t

5. Worksheet# prepared by the teacher.

-

6. Worksheetsiprepared by someone other.than the teacher..
@ " . . . .

7. Tests. s . . i
e8Ls . 36 ...

Y . N "y




X S -
{‘ . 0' ‘ ‘ pe v 31
!
] B; The studenta' own psper and notebooks. ”
9. Movies or filmsti‘ips.
10. Records or sudio tapes,” . H N
' S—
11. Art materisls. ‘
12. Gamea or puzzles. \
. | (13, Materisls not included in the above categories. /
Co;a Number Descrigg_:"or'
1 (8) Silent
3 2 (Q) Quiet
” '3 (M) Moderste r .
’ -
4 (N) Noisy . \
| . Teacher Location |
: ) Code Number , Descriptor )
' 1 (F) Front of Claassroom \
% 2 (B) Back of Classroom A
3 (L) Left side of clasaroom (viewed from perspective -~
of person at front of room facing cla'ss. :
. 4 (R) Right side of Clasaroom .
5, (C) Center of Classroom .
. ’ 6 (D) Teacher at Desk , ]
7 (0) Other (or out of clasaroom) v

i
A7

"4




Ve | "

-

- " Teacher Activicy
Code Number Descripror
1 (WCA) Whoiz\biﬁgf Academic. The teacher 1s leading

a discussion or making a presentation con-

cerning some academic matter to the entire
- - P

—— ' EY

class.
-
- 2 (WCP) Whole Class Procedural. The teacher is giving

directions to the entire class.

-

3 (IN) The teacher is talking to an individual.

4 ’ (5G) The teacher 1s talking to a gmall group of

students, ! :

S {MAT) The teacher 1is uéing scien&g materials.

6 .(MON) The teacher is monitoring‘student‘actiyities.
l__ 7 \- (PW) The teachér is engaged in paéer work. ;

8 \“\u ;NOT) The teacherlis doing nothing (as far as the

observer can tell).

' 9 GD)‘ Other (or out of room). -
, .
- ' ( Student Activicies | C/
Code Number {On-task Descriptors& .
.1 UT'{LIS) Listening to the teacher ér another student..f
-2 (WRT) Wricing
I) .3 (MAT) wo}kiné with gciencé materials
. 4 ' (RDG) Reading ) i
) v g —
] : 28 s
- . T—




"

»
' 33
p Code Number (On~task Desiripgprs cont.)
© 5 (TLK) Talking to the.teacher,.the cigss. or‘anoth?r ~ .
student- about a lesson-related matte;. NN . ’ 1
- 6 ‘ (PROC) Engaging in a frocedural task, such as
. collecting or putting away mater{alg. —
’ -jggither on-task nor off-task) s
7 (1) Stﬁdents th;t could not be seen by Ehe obsgrver.
, N £0f£-tas# Descriptors) ' i *ﬁ
8 (NOT) Students doing nothing. ; NN
9 (TLK) Students enghéed in social talk unrelated to
the lesson. | ‘
\ . R \ .
10 ) (MISB) Students actively disrupting the clisg: N
. Information Source Coﬁes p .
: > 1. Teacher statement. ‘;*"‘_ ' *
2. Science materials used sy students. ° T
3. Books. ) i ‘

4. Workbooks.

- 5t Teacher prepared worksheet.
" 6. Other worksheet. : ‘ o
7. Chart or poster, '

' 8., Written on'chalkboard or overhead prnjeétor.

9, Prepared visual materiais such as movies, slides, filmgtrips, or

-

transparencies.

[

10. Prepared audio materials such 'as records or. cassettes.

v

" . -
11. Statement by a student.
= . 12. Teacher demonatration.
’ . 13. Other. ; ' ; o } ’

- . ) :
.




Science Tasks and Code Numbers

107 Designg plan investigations (substantially all in one ‘task).

11. Formulate problem or questionkso be investigated.

12. Formulate hypothesis to be tested. L4

+
-

13. Design a measurement or observatiem procedure.
14, ﬁesign an experiment.

15. Predict a result.

19. Other.

20. Carry out investigations (sﬁbstantially all in’'one task).

LY

21. Obsgerve.
»
22.‘ Measure. *
® 23, Manipulate apparatus. b -
- 24, Record results, describe observations.
. . X
29, Other.

P 30. Analyze and 1nterpfet results of investigations.

31, Transform results. .

i 32, Determine rela;ionship.

U 33. _Formdlate’generalizftion or model. * ,
3%. Explain a:relationshipt ) ‘ “‘-r”’\
39. Other. \ j <

40. Analyze an investigation (procedure only). }
41. jAnalyze the- design of an investigation.
— . 42. Analyze the apparatus and procedures of an investigation.
.‘43. ‘Analyie the 1nterpretat{?n of the investigation.

49. q?ther. ". ' ‘ .




