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Evaluating and Assessing Competencies
for Elementary Science Education

Carl Berger - Steve Roderick

The University of Michigan
Ann Arbor, Michigan

The evaluation.and assessment of competencies has
two large components., The first is the evaluation of
the competency itself, the second i§ the evaluation of
students to find how well they have obtained the stated
competency. This paper addresses the former,

Under a grant from the Michigan State Department
of Education, the University of Michigan in cooperation
with the elementary school teachers in the Ann Arbor,
Michigan area developed a list of 230 competencies. The
competencies were chosen as "Characteristics a competent
elementary teacher should have in order to teach science."l
Four teams of four to five teachers each were formed
to ‘develop the ccmpetencies. To first evaluate the
competencies, similar couwpetencies from each group were
edited to obtain a singie competency statement. Then
the competencies were ranked by the teachers as to importance
for elementary science teaching and how much involvemeat
the University of Michigan should have in develop;ng the
competency. Teachers rated the competencies from 1 to 7
in importance and 1 to 4 in University involvement. The
ratings of 14 teachers and 4 teacher educators were

Ay

analyzed. Means and standard deviations were generated
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for all competencies. Competencies were removeda if
two conditions were met., The competency had to bg rated
lgss than average in importance and also be xated in
‘the lower guartile for University involvement. OFf the
230 competencies, 50 met both conditions and were con~-
sidered for.dropping. 3Analysis of those .competencies
considered for rejection indicated a difference in
ratings between teachers and teacher .educators. .To
find if the;difference in rating was significant, data
about’ the 230 competencies were run through fhe "MIDAS
. computer program system where a Man Whitney U Test was

2

" ."perfomed. The Man Whitney U Test was performed

because it allows relaxation of parametric assumptions

of normality necessary for a small 'N,-3 ‘0f ‘the 230
-metencies, 44 (approximately 20%) were significantly

di“.fferent at the & = .05 level in either importance Tor

'siience teaching or University of Michigan involvement.

A list of the 44 competencies showing :such differences

is shown in Appendix 1. Competencies which occurred on

‘this list and were included in the list of 50 competencies

which were selected for removal were reinstated for purposes

of future research.
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Independent consensus and editing was done during this
time by assessment specialists., The project staff
synthesized the products and further reduced the list
to a final list of 143 competencies. This list may be
found in Appendix II, The impact to a teacher program

of differences hetween teachers in the field and teacher

educators cannot be over stated. As an example supervising
teachers in the field may place a very important value on
competencies which have received low or no value by
teacher educators. Such differences in perception may
create critical problems for student teachers who may

not be aware of the source ¢f such problems.

To further explore differences between teachers and
teacher educators as they ranked competencies, the sample
was increased. The resulting data base consisted of 22
teachers and 18 teacher educators. Analysis of variance
indicated that more differences occurred when teachers
in areas around Ann Arbor were included (8) and teacher
educators not directly involved in science education were
included (11). Differences in ratings occurred in 66
of 143 competencies (approximately 46%).

Of interest was the distribution of differences
when compared to when a competency should be attained.
Using modes of the entire sample the competencies were
catagorized as to when the competency should be obtained.

The catagories and differences in ratings between teachers

and teacher educators are shown in Table 1,

ERIC 5
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Table 1

Catagories and Differences between Teachers and
Teacher Educators on Ratings of Competencies

Catagogz

l)Before entering an education program.
2)Initial field experience (observation).
3)Undgrgraduate education courses.

4) Student teaching.

5) In-service experience.

6) In-service workshops, professional meeting and
education courses.

Differences
in Percent

40%
30%
45%
41%
73%
100%
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The 66 competencies which indicated a difference in
ratings between teachers and teacher educators are shown
in Appendix III. Numbers appearing beside each competency
indicate the category. The direction of difference is
indicated by an asterisk beside each of those competencies
rated as more important or should be attained earlier by
teacher educators. Note that 25 of 33 competencies (75%)
were rated as more important or should be attained earlier
by teacher educators. Note also that 25 of 33 competé;cies
(75%) were rated as earlier by teacher ecucators.

As can be concluded from this preliminary.research,
teacher educators appear to attach less importance to
classroom discipline and reccrd keeping and more importance
to working with students. Teacher educators appear to
belieye that competencies should be attained earlier in
the student's career.

Finally, the differences found between teachers and
teacher educators indicate that assessment of the competencies
themselves is as important a task as assessing student's
attainment of the tasks and should be included in any com-

petency based program.
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 APPENDIX 1§

COMPETENCIES WITH SIGNIFICANT DIFFéRENCES

BETWEEN TEACHERS
AND
TEACHER EDUCATORS
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APPENDIX 11

MASTER LIST OF ELEMENTARY SCHOOL
SCIENCE TEACHING COMPETENCIES
BY CATEGORY
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MASTER LIST OF ELEMENTARY SCHOOL SCIENCE TEACHING COMPETENCIES
BY CATEGORY ‘

ACADFNIC BACKGROHND
193 DEHONSTRATF "NDERSTANDING ﬂF CMSTANT CHANGE

197 - DEMONSTRATE UNDERSTANDING .OF ECOSYSTEMS
220 KNDW DEVELOPMENTAL STAGES - - E
~..223 - DEMONSTRATE ABILITY TN RESEARCH.  AND ORGANIZE FACTS -
239 KNOW CONTENT: ENDUGH 70 RESPOND -TO STUDENT® QUESTIONS o
- 252 KNOW METHODS OF SCIENTIFIC -INQUIRY ; e
- 257 KNOW MICHIGAN MINIMAL PERFORMANCE ORJECTIVES o -
217 DEMONSTRATE UNDERSTANDING.OF SPACE AND ‘TIME CONCEPTS : T
. 298 DEMONSTRATE UNDERSTANDING NF STRUCTURAL PATTERN .CONCEPTS '
*309 DEMONSTRATE PROPER CLASSROOM CARE FOR LIVING THINGS -
. 353 DEMONSTRATE UNDFRSTANDING OF GEOLOGICAL CONCEPTS. '
375 UTILIZE LOGIC IN SCIENTIFIC. 'INVESTIGATION = - '
382, DEMUNSTRATE UNDERSTANDING OF CONSERVATION OF MATTER _ AND ENERGY
387 DEMONSTRATE UNDERSTANDING OF INTERDEPENDENCE OF LIVING OBJECTS
399 PISCRIMINATE PROPFRTIES OF LIVING AND NONLIVING OBJECTS AND cmussrsv
405 DEMONSTRATE UNDERSTANDING OF ENERGY CONCEPTS » .
406 DEMONSTRATE: UNDERSTANDING OF INTERACTION CONCEPTS L el
ASSESSMENT o BRI <
- 189 EVALUATE APPROPRIATENESS NF MATERIALS AND ACTIVITIES RELATIVE 70 THE 6
;210 EVALUATE SCIENCE PROGRAMS: . . , 2]
- 230 EVALUATE LESSONS AND TEACHING PROCEDURES ~ . ' : e
* 240 . EVALUATE ACTIVITY AND.REORGANIZE WHEN. UNSUCCESSFiIL : T
- 250 ANALYZE SITUATION TO DETERMINE APPROPRIATE ASSESSMENT MODES S
* 260 INCORPORATE FEEDBACK FROM: STUDENTS AND PARENTS '~ - L
-~ 213 - - GENERATE. CONSTANT FEEDBACK TN STUDENTS AR S
2% 281 APPLY CONTINUNUS SELF-EVALUATION PRACEDURES - - - * e
¥ 282 EVALUATE PRAGRESS ON GNALS WITH INDIVIDUALS AND ‘GROUPS
- 287 FORMULATE REALISTIC GROUP AND INDIVIDUAL EXPECTATIONS LT
© 292 . EVALUATE USE OF MEDIA L : S
. 386 " EVALUATE INTERACTION OF SELF AND STUDENTS 3 o 2
267 INVOLVE CHILDREN IN SELF~EVALUATION - . o
~..398 EVALUATE HOW WELL EACH CHILD'S NEEDS HAVE seen ner e
%7396 : KEEP RECOARPS OF MATERIALS - R

#1404 FORMULATE ACCURATE UP~TO-DATE RECORDS oF sruneur Acnxevsnenr PR

L

- 'w..a; — <
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.f}ZE 'Cboso compofons:tos th slgntﬂcanf dlffaronces in raﬂngs among 1 +uchors
K nd foachor edur.afors. LT e 13 & ‘
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CLASSRODN MANAGENENT . :

msnawamunv T MANAGE GROUPS. OF VARIDUS SIZES: N
ORGANIZE CLASSRNOM WITH CHILDREN: TO' PROVIODE. LEMRNING VARLETY oW
ESTABLISH &,CREATIVE AND ATTRACTIVE LEANSING: ENGTRONNENT .
WAINTATN ROQM: CLEANLINESS. AND: ORGANTZATHON: WETH: :CHILOREN: S l
FORMULATE ROUTINES AND- CLASSRODN: L EHNTTS. WITH CHTLDREN:

MATNTATN: EFFECTIVE CLASSROON RISCIPUINE . - - )

RESPOND TO' UNEXPECTED SITUATIONS: EFFICEENTLY AND' umr COMNDN: sense
ESTARLISH: ENVIRNNMENT TO: ENCOURAGE ORGANEZATION AND: SHAR ING-

‘ESTABLISH AN: NPEN, RELANED: CuASSRODN ENVERDNMNENT ~ .
DEMOINSTRATE ; SENSE NFE FATANESS. PHAOUGH: CONSESTENCY: .

ESTABLISH c;nssunon mnm m mm uummnm. I.Ellm

e cmu:mm DS S

INVOLVE SrT"I)ElTS‘ In UTEFLLZING. rne ms: WT mns cmu:a -
TNYNLVE STUNDENTS TN UTILIZING. THE PROCESS OF COMNUNEICATENG. ] e
ADAPT MATERTAL RELATING TO: DAELY CLIFE HOEN! FME CHRRECIG - ' .
UTILIZE VARIOHS SUR-GROUPS. NF SOCIETY AN OF TNE Locat mm
SYNTHRESIZE RELEVANT MATERLAL INTO: TNE CURRICHSEUN - . .
INVOLVE: STUDENTS TN UTELTIZING. THE PROCESS: OF QRSERVING: ;
INVOLVE STGDENTS. IN: UTTLIZING THE PROCESS OF: INTERPNETING. DATA:
ENVOLVE STUDENTS EN: UTILIZING THE PROCESS mcussmnm :
SELECT CONTENT WITH SUFFICLENT DEPTM FOR: MUETIRLE; ACTIVETIES °
ENVOLVE STUDENTS IN UTILEZING THE PRNGESS OF MHCFING ) -

DEVELOP CONCEPT OF INTERRELATIONSHIP 0F ORGARRSNS. AND: THEIR esvuom
UTTLTZE MEASURING. SYSTEMS WNICMH ARE: RELEVMINE T STUDENTS -
DEVELOP ANDUSE CLEMRLY DNEETNED: FERFORMMNCE OBJECTIVES: - .
ENVALVE STUDENTS. IN' UTTLIZING THE PROCESS OF: RECTRDING C
PROVIDE GUEDANCE TN. STUDENT MAINTAINANCE OF th N C&.SSW
LNCORPORATE 'READING. AND: MATM: SKILLS e
ESTABLISH CONTENT BACKGROUND: APPROPRIATE. TN: mnsi LEVEE -
TNVNLVE: STUNENTS TN UTILIZENG THE PROCESS .OF FERMILATING. HYPOTMESES..
INVOLVE STUDENTS‘ IN UTLILIZING THE m oF m[& YE&T[NG ;‘E; e
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209
214
*#226
290
308
*318
#320
326
%329
344
#3645
#3647
354
" 359
384

321
.

- NPERATE SCIENCE EQUIPMENT

. MODIFY MATERIALS FNR CLASSRONM ACTIVITIES

"USE A VARIFTY NF MATERIALS . o ST

397 -

NDISTINGUISH BETHEEN VALUE JUDGHENT ANH POINT

MATERIALS
UTIL]ZE FRFE AND INEXPENSIVE. HATERIALS X

LOCATE AND EVALUATE NEW MATERIALS

SELECT AND USE APPROPRIATE MEDIA, MATERIALS, AND RESOURCES

INCORPORATE ﬂRGANlZATIﬂN IN PREPARATION AND ARRANGEHENT DF NATERIALS
PREPARE LIVING MATERTALS FNR CLASSROOH USF T . f

DESIGN SCIENCE MATERIALS FRNM TRASH DR JUNK
USE RELEVANT PRINTED MATERIALS

ESTARLISH MENIA CENTER FOR INDIVIDUAL RESEARCH

CONSTRUCT AND CARE FOR AQUARIA AND TERRARIA

LOCATE SCIENCE FOUIPMENT SMIRCES FNR A SPECIFIC CLASSROOH/TEACHER
FIMND APPROPRIATE REFERENCE MATERIAL

©USE AND OPERATE A VARIETY NF AUDIN=VISUAL HATERIALS AND/DR EOUIPMENT
SELECT COLLECTION MATERIALS CRITICALLY (E.G.9» RNCKS AND HINERALS) ’
PLAN AND ORGANIZE FNR USE NF MANIPULATIVF HATERIALS

CONSTRUCT SIMPLE EQUIPMENT ; f‘ oL R
PERSONAL DEVELNPMENT (PUPIL AR ‘TEACHER)

GUIDE CHILDREN IN MAKING REZLISTIC GOALS' AND CHDICES - n 4
EXPAND PROFICIENCY IN SCIENCE. EDUCATION BEYOND PRESERVICE ULy
PARTICIPATE IN INSERVICE WORKSHOPS 0 5
ORGANIZE EXPERIENCES WHICH WILL GIVE CHILDREN POSITIVE RELATIONSHIPS £
RECOGNIZE ASSET OF HUMOR AND tJNPLANNED nlscnvsav IN CLASSROOM EXPERIEE -
PROVINE ATMNSPHERF FOR RESPECT - . K3
UTILIZE IN-SERVICE TRAINING OPPORTUNITIES - ¢ - .- »-: e
DEVELOP CONTINUING INTEREST IN'NEW SCIENCE FINDINGS A
DEMONSTRATE ABILITY TO EFFECTIVELY COMMUNICATE WITH VARIDUS PEOPLF S
APPRECIATE VALUE IN STUDENT RESPONSE - ? ,

VISIT NTHER CLASSRNOMS o e o
REGAIN POSITIVE EQUILIBRIUM AFTER DISCOURAGING Evenxs P
DEMONSTRATE FOLLOW THROUGH DN COMMITMENTS . ‘

2 ‘..‘,'
oMy

BE. TACTFIL WITH STUDENTS ,_*_ﬂi e ,”;l__ on
SHARE MUTUAL RESPECT FOR SELF AND nTueas Coiaies P
REGOGNIZE INDIVIDUAL CHILD'S GDALS, svnenswusg}uEAxuesses. NEEDS
: . e
: PHILOSOPHY =~ '$\ﬂ‘fif%§ L 'f%ﬁf
‘ G h T
CREATE AN APPRECIATION FOR THE REAUTY, WONDER :uo OPENNESS OF. sc:enc
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333

186

201
® 204
217
228
238
% 255
261
26%
" 260
275%
279
299

310

314
319

e

R RESMIRCES

SFLECT AND I ENVOLVE COMMUNITY RESMMIRCES ’

USE ‘STUDENTS AS RFSOIRCE

USE LIBRARY,RESNURCES OF SCHONL NR COMMUINITY |

USE suvmmnem AS A SCIENCE LARORATORY

USE puoress;mu JnURNALS FM INSTRUCTINN aND uesencn

b'l

; SAFETY

RECNGNIZE Auo EVALUATE SAFETY HAZARDS. IN. EVEAVDAY EXPERIENCES
USE suFerv*PaocmuRss IN SCIENCE EXPERIMENTS aMD oenous:unms
KNOW STATE! AND SCHODL SAFETY RULES. - :
STRUCTURE NCCIDENT PROCEDURES FOR CMILDREN
DEVELOP sAF;tv CONSCINUSNESS IN THE STUDENTS

- ews  wre

' TEACHING STRATEGIES

UTILIZE GAHES AND SlmlLtTlﬂNS
PLAN AND CONDUCT FIELD TRIPS

ESTARLISH WITH CHILDREN IMPNRTANCE o¢ »nms scmoce xnnm.eme

USE POSITIVE REINFORCEMENT TECHNIOUES

USE VARIOUS: QUESTINNING TECHNIOQUES o COGNITIVE AND AFEECTIVE
INCORPDRATE; SPONTANENUS CLASSRONM CHANGES m‘m t.essms
PLAN CHILD=CENTERED ACTVIVITIES '
PROVIDE FOR: ACTIVE STUDENT mncrn:mn Jrws nlscussmn

PLAN Acnv:nEs APPROPRIATF TN AVAILABLE TIME

PRFPARE LESSON PLANS AND MATERIALS .

USE INDUCTINE AND DEDUCTIVE REASDNING . ¥ '
USE STUNENTAS IDEA TO DEVELDP LDGICAL smunou m a PROBLEM
UTILIZF TEACHING BEHAVINRS WHICH AOTIVATE smts

DFVFLOP. QUESTIONING OF CONCLUSIONS

ASK -OUESTIONS APPROPRIATE TN CPNNTENT AND. ACE al.EVEL

FNRMULATE MEANINGFUL EXPERTENCE FROW EXPERIMENTAL FAILURE
INCORPORATE. AN ATMOSPHMERE OF SCTENTIFIC CURIOSTTY AND CONDUCT
REFRAIN FROM FORCING CONCLUSIONS

ASK DIFFERING COGNITIVE QUESTINNS

ESTABLISH OPEN-ENDED DISCUSSIONS.

USE PUPIL=TEACHER AND PUPIL-PUPIL PLANNING

DEVELOP IN STUDENTS EXCITEMENT AND. ENTHMUSIASM FOR SCIENCE

USE EXPERIMENTS WHICH UTILIZE THE SCTENTIFIC -PROCESSES
PROVIDE INDIVIDUAL AND GROUP INSTRUCTION: -

DEVELDP LESSTINS WHICH RELATE TD THE STUDENTS
DEVELOP SELF-DIRECTIVE SMALL GRTUPS g )
CONTROL EXPERIMENTAL VARTABLES

PRNVIDE A-VARIETY NF LEMNING:  STTUATIONS -
PROVIDE FPR FURTHER STUDENT INQUIRY

USE PROBLEM APPRNACH

PERFNRM DEMNNSTRAT IONS

IMPLEMENT ‘A VARTETY .OF ACTIVITIES concmnonv

INVOLVE wlmsms IN OPEN EXPLORATION

DEVELOP vocnnuuav NPERATLONALLY ( THROUGH use: *,
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APPENDIX 111

COMPETENCIES IN WHICH THERE WERE
SIGNIFICANT DIFFERENCES BETWEEN RATINGS
OF

TEACHERS AND TEACHER EDUCATORS :




Init1a1 f1e1d experience (observation)

W

~-wWhen the Competency should be Fqut Attalned

Before entering an education program

‘ Deveiop concept of interrelationship of organisms and

‘their environment. “(1%)
Demonstrate ability to effectively communicate with various
people. (1*)
Regain positive equilibrium after discouraging events. (1%)
Respond to unexpected situations efficiently and with
... common sense., (l-)

e ’»—““

$ 1

. Usé"iihrgry resources of school or community. (2%*)

Undergraduate education courses

~Usé professional journals for instruction and research. (3-) «"ﬁ<.;

Student teaching

Use student's idea to develop logical solution to a problem, (4*)
Develop questlonlng of conclusions, (4-~)

Guide children in making realistic goals and choices. (4%)

Involve students in utilizing the process of hypothesis test1ng.(4*)
Develop safety consciousness in the students.: {(é*)

Develop in students excitement and enthusiasm for science. (4-)
Develop lessons which relate to the students. (4%) o
Involve students in utilizing the process of measuring (metric). 44*) =
Control experimental variables. (4%)

Select and involve community resources. (4*)

Formulate accurate up-to-date records of student achievement. (4*)
Provide atmosphere for respect. (4-) !

" _Establish open-ended discussions. (4%)

Use~various questioning techniques, cognitive and affective. (4%)

Formulate meaningful experience from experimental failure. (4-)

Incorporate spontaneous classroom changes into lessons. (4*)

Demonstrate proper classrom care for living things. (4%*)

Provide guidance in student maintainance of organisms in
classroom. (4*)

,In-serV1ce experience.

Establiah with children importance of applying science knowledge. (5*)
Structure: accident procdures for chiidren. (5%
Locate science equipment sources for a specific classroom/teacher, (5*)
Utilize various sub-groups of society and of the local community

when planning instruction. (5%)

"Adaptﬁmaterials relating to daily life into the curriculum, ({5-)

Analyze_éituation to determine appropriate assessment modes. (5*)

. 4
[T | e
, .




In-service experience con't.

Apply continuous self-evaluation procedures. (5*)
Batablish media center for individual research. (5-)

In-service workshops, professional nnetggggeand.edncation‘oourses

Davelop continuing interest in new science findings. (6%)

X\




Competencies in which there were Significant Differences
between Ratings of Teachers and Teacher Educators

Importance for Science Teachiné

Before entering an education program

Recognize and evaluate safety hazards in everyday experiences, (1%)
Demonstrate follow through on commitments. (1%)
Share mutual respect  for self and others. (1%*)
- Distinguish between value judgment and point of view., (1%*)
Know methods of scientific inquiry. (1%)

Initial field experience (observation)

Utilize free and inexpensive materials. (2%*)
. Visit other classrooms. (2*)

. Undergraduate education courses.

. Plan child-centered activities. (3%)
Select collection materials critically (e.g., rocks and minerals), (3-)
Design science materials from trash or junk. (3%*) '
Incorporate organization in preparation and arrangement of |

- materials., (3-)
Construct simple equipment. (3%)

Use problem approach. (3%)

Use and operate a variety of audio-visual materials and/or
equipment. (3-)

Prepare lesson plans and materials. (3*)

Locate and evaluate new materials. (3*)

Student teaching 1
|
\

Maintain effective classroom discipline. (4-) -

Perform demonstrations. (4-)

Maintain room cleanliness and organization with children. (4-)
Evaluate progress on goals with individuals and groups. (4%)
Utilize measuring systems which are relevant to students. (4%)
Construct and care for aquaria and terraria. (4%)

Evaluate activity and reorganize when unsuccessful. (4-)
Develop vocabulary operationally (through use) (4-)

Ask differing cognitive questions. (4%)

In+service experience

Keep records of materials. (5-)
Incorporate feedback from students and parents, (5%)
Synthesize relevant material into the curriculum, (5%)




In-service workshops, professional meetings and education courses

Participate in in-service workshops. (6*).
Utilize in-service training opportunities. (6*)
Expand proficiency in science education beyond pre-service. (6*)

T
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