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PREFACE

This book ‘is writtenfparticularly forvthe director of
gfcontinuing education in engineering and- relat& technical
fields. The book has developed out of‘the activities pof a

group of persons with diverse talents and backgrounds, all

*

. of whom were involved in a project concerned with the .

measurement of learning outcomes for cohtinuing education

¥ -

courses\in engineering. Members of this group consisted of

“a highly experiéncéd" director of'continuing education in

.

engineerinq, professors of continuing education courses in

o

engineering, experienced specialists in adult and higher
education with»much experience in develOping and teaching
continuing education courses.in a variety of technical fields

including the health professions;iand educational. )
/ psychologists expeft and highly experienced in the'areas of
measurement of hnman abilities and skills, the design of
tegts, and eduycational program and course. evaluation.

For a period of two years- this group has met on a regular

‘ basis in an ongoing seminar about the measurement of learning
.‘outcomes for a variety of courses typical of those offered

1n'continuing education programs for engineers at many

colleges and universities and in other settings as well.

-

ln addition, membera of. the group have worked together as

. small teams in the actual deverpment and use of methodszand

procedures for_ the measurement of the learning outcomes .

.

e

-

s




resultinq from a number of continuing education courses in °= -

N

engineerinq tauqht under the direction of the Unlver81ty of

:Kentucky, College of Enqineerinq, Office of’ Coﬁtinuinq )
L/ L.
“7 [ Y .

'Education and Extension. ::\,. Ce C

. .
4 L ' -

The book is a set of: detailed quidelines Whlch brinq

¢ .

toqether what .the project team-has learned about how’to go

about ;the measurement of learninq outcomes. in this field.
_ Much.of what is presented in the book concerning the

measd?ement of learninq outcomes and the formative and

- .

- summative evaluation of courses has been.derived from the

activities‘and eiperiences of many other Sducators in many

fieldssin efforts to determine how to best desiqn courses of

instruction and how to measure the learninq outcomes .

4

resultinq from courses. What is new is the,bringing of all

N

of this informatidn ‘together in the context of adult education

e

-

and- spec1fically in the area of enqineering‘courses desiqned

for continuinq education purposes. Conseqgently, _the way in
-
which specific procedures bear on the measurement of learninq
T outcomes in'theSe OOursessts well illustrated in mMany examples.

.- There are four main sections in this booh/ The ffrst

=part dexcribeSaa qeneral typoloqy of continuinq education

a

couries,\the characteristics of persons enrolled in such

" courses, "and the use 'of formative \and summativé evaluation in
course deyelopment.' The second part of the book,isga
detailed explanatioh concernlnq the use of various types o£

testinq procedures in measuring learninq outcomes,. A-third .

¢« S%e - -

J N .




* ’ P a"’
section describes alternative‘methods 6or developing valid

*

.and reliable tests to- measure individual learning achievement

A4

and overall course effectiveness. A fourth ,section presents

‘methods for reporting the results of learning assessments to
individuals and,groups The reader is advised to scan the
table of contents, read'Chapters l and l4, and then 80 select
those seqtions of»the text of most intérest,

. The book is written such that parts of it maf‘be useful

-

ndivkduals with specific needs without their having to

-read*the whole text. This ob]ective is further‘facilitated .

°

.

. N |
effective ways.” The information presented in theee chapters
¢ ! .

‘has relevance to the design and evaluation of any course,'

‘although the examples presented are specifically in .
engineering and in the continuing education’context. Chapters
. 4, 5, 7, and 10 ‘can be used as the basis for study by

instructors who have an interest in improving the

effectiveness f their course bn reaching intended learning

*

Qu tcome 8.
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-
s,

ot r chapters address matters of great interest to :the
adminis rators and policy. makers who operate and. oversee

continu ng education‘pqurams. Chapter 2 provides a

3 ]

< " clasgsifh cation of four basic typologies of continuing

education courses and some 1ns1ght into how the typology of -

the cougse effects both its delivery and 4ts evaluation.

- - f‘; .

ChapteriB reminds the reader of the 'salient differences
it N

between continuing education, courses and the students

,?-, »

'typicalgy enrolied in them and the more traditional under-
graduate and graduate formal courses which are part of colleqe
. and'university degree programs. Implications for the staffing
of suchﬁcourses,,theirqschedulinq, and their evaluation are‘
noted. 1 o T S
Chepters.4 through 9 describe in great detail the N
various types of tests and testing procedures which are'

f availabie and useful to the business of desiqninq courses

. and measuring their effectiveness in terms of the achievement
{ & /-

of learnersvon a variety of performance measures. All the

procadurqs are based upon stating in operstianal terms -the

intended learning outcomes relataed to the performance of .
. . pérsons i the work setting.
Chapqer 10 outlines a very detailed but generag and . .

useful setiof procedures for insuring that well organized

cour ses ané valid.and reliable measurement procedures are

7

‘developed.ﬁ-Chapter—ll describes empirical ways of




“

* ’

.manner, ‘and for what purposes aré,all discussed. o o

determininq the degree of talidity and reliability of testsLQ

N

test items, ‘and other learninq assessment~procedures which
have been developed for pyrposes of makinq inferences about

the,deqree of group-and individual 1earning resulting froQ
a course. ’ ’

.
1) . .

Chapter 12 é?esents important limitations of tests-as.
. K .
assessment devices." This chapter ig important because"persons

should not misuse .test data in the construction of inferences

¢

about the degree of success of individual stddents'and course

effectiveness.
[
L Chapter 13 presents detailed procedures and information

about how to report the data gathesed from course ‘evaluations

.and individual student achievement. How this information

should be used; witn whom it should be‘shared, in what Q

“Finally, Cnapter 14 is aﬂsumnary of the entire book in’
that a set of recommendations are made for tne development
of an "evaluated CEU." 'All the strengths and 1imitat%?ns of
the procedures available for the measurement of individual -
learning by students and for jgydging the effectiveness of
courses are recalled.‘ This information is used to conclude
with a yecommendation that courses and programi‘be evaluated
and certified rather than individual \

All of these chapters may be of=¢nterest agd value to

the ¢continuing educator charged with being accowntable to

bd .
«
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- {

'proﬁeﬁeioﬁhl aqencies,‘indiViduals,‘and administrht;vé-

superiors for the quality and effectiveness of thelprogram f

1

and' courses operéted under his .or her juriediction. T

) . r

- The book has proven to'be of interest to directors and

faculty in continu;ng education in other technicél fieIds

. such as ﬁursinq»and the allied health professions. Althouqh

v

all of the examples provided are in continuinq en91neerinq

education, what is presented is expected to be Qenerally

useful to continuinq tducation activities 1n many areas.

)
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This book is intended a§ aﬁéit oﬁ,practical gu1de11nes
for d1rectors of continuing engnn ng education and others.
é "'.ao- -
. 1nvolved in the task of helpinq to*%pdate the knowledge,
skills, and pract1ce of the Nagion s many engiqeers. The
Y &
'-guidelines may- also be of value“to those persons involved in
Jl
the cont1nu1ng education of other'scientific and technical
. . V2 ) ..
.- Specialties. . o

4 .

"The need to involve engineersgand other techn1cal

- -

‘professions 1n continuing education act1v1t1es throughout

their careers is grounded in a number of factors. Eirst,
\ ~
the present rate of knowledge expans1on and technology

insures that continuing education)in a broad range of L'.

scientific and technical topics is required for maintaining

-

competence among-engineers*and othér technical ' personnel.
Professional and scientific journals.assist toward'this end
as do formal couraes of instruc%ion apd programs in the
engineering sciences at colleges and universities.

In addition, many industr!!l organizatiOns endage in
.research and development and provide- instruction fog their

LY

technical staffs in the new knowledge developed from their
~ I""
- own- and others activities. Yet there remains a strong

Y ° s
] . w
- '
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need for the systematic organization and efficient

presentation of basic and newer tecgnical knowledge to a

N\ ) . . )
- wide audience 8f engineers through short courses, con-

ferences, workshops, evening classes, and similar activities
. *

-

(Klus & Jones,‘1975) Many of the Nation's engineers work

~

in small organlzatlons not able to mount the ongoing

technical trainlng programs common to some of the larger "

firms. 1In addrtlon, even the largest engineering firm or
‘3 ’ T
- company is not capable of offering the wide number of

h Y

continuing edncatidn'courses and delivery modes needed even

'by theirtown employees, much less meet the needs of technical

personnel from other agencies and areas. Well organlzed and

managed continuing education’programs for the engineering
. \

sciefices need to. be consistently available. é wide range of

courses needed by different persons is reduired}iuln
cadditlon, multiple modes of course delivery-are needed. .

- For examplg*,practicing engineers today need courses in
areas as-dlverse as human® relations skills, englneerlng
economics, recent'technlcal developments in micro-processlng
equipment, and effects of specific env1nonmental toxins and
their’ proper management " Engineers 1ncreas1ngly have become
1nvolved in lonq-term community and state planning. °
-Engineers are freguently the coordinators of industrlal and
communlty deVelopment groups, the persons responslble for
knowinq and insurlng.compliance with.environmental protection‘

-2~
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laws, and mdjor consumers and’users of recent technical

developments. It is impossible to teach the breadth of k:;w—
ledge and skills required to satisy this range of assiqnments
in one or two profess10nal degree programs completed at a )
university or collé/e.. It is also unrealistic to expect

that thlS w1de ranqe of SklllS and knowledge will auto~-

‘ 'matically developnsimply through "on the job training."” Each
of these areas contain large amounts of technical information
and specific skills which often reduire additional systematic
instruction beyond that which can be received in preparatory
profes310nal programs at colleges and universities.
Acquisition of this additional technical information by the
enqineer, and his or her qreater fac1lity in spec1f1c “-ﬂ"
technical skills, ‘are expected learning outcomes from most
continuing education courses. It is the measurement of .

- these and other related types of learninq‘outcomes withs

A}

which this book is concerned.

) . (N4 . : .

The best ways to assist engineers in' the acquisition of"

these types of knowledge and skills depend on a number of
peripheral factors. These include: ,aT/the qeoqraphic
location and distribution of'the _persons needing the
particular type tof instruction, b) the content of the course,
its complexity, and ltS optimal duration; -c) the specific
learninq outcomes sought as the result of the course: e.g.,
increased awareness of the law or available technoloqy,

spec1f1c 1mproved performance in technical areas such as

._3_

oto
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. !
use of micrﬁeprogessors in the operation and use of

industrial production processeg;. and d) the characteristics‘

I

of the engineering students who w111 be involved: e. ges

»

prior relevant ted%nlcal tralnlnq, previous work experlenéep
recency of formal courses and technieal work in areas such
“

as mathematics and computer proqrammlnq ’
9

‘For all of these reasons, once a cont1nu1nq educatlon

need in a speciflc techn1ca1 area is 1dent1f1ed one cannot

’"\

simply produce a standard courseatauqht by traditional means.
Decisions concerning whether to offer the course as a Short
course at a three day conference, as a once—a—week evening
class, as-‘a correspondence course, or'as a mail-out TV

.

cassette tape course (with accompanying readinas, workbooks,

and manuals) should be based on considerations of geoqraphlc
distribution of participants, availabillty of quallfled and
competent instructional personnel the size of the

prospective student group, and many other factors. Other

-

decisions coneerning course content and 1eve1(s) of

A———

difficulty, the rate of presentation of material, the _

3

optimum duration of instrugtion; and the .amount of prior
participant skill and knowledge also have to be made.
These decisions depend heav1ly upon theégharacterlstlcs of .

L X

the englnee»s to be enrolled. . A

- o

-«

E 4

In short& to be effect;vef‘continuing education prqgr%?s -

" must not only teaah bontept and skills needed by practicing

engineers, but 1n d%énq 80 mest adapt to the characteristics

o '} N -4-.‘::;'—‘/ . ' -«
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-and limitations of the persons needing the instruction.:

-~
This makes offering-a sound continding engineering education

program a difficult task requiring much wisdom and good -{

. ‘mformation about the needs, characteristics, and activities

of these pract1c1ng professionals in:their worﬁ roles.

These/séme factors also complicate the evaluation of

Jlearning outcomes for con;aguing engineering educatipn

. oourses., lghe\deCisions a t the level (s) of difficulty of

courses, of duratiodnm and mode of delivery, and of thehmajor

FY

intended outcomes, all directly influence the methods and

,.a

SRR § procedures used\to evaluate course effectivenbss and the j
A dggree of j

. implementati

1vidu3i¢gmu‘épt learning, The design and '

/‘ l" A / -
’ be separated,fr e;eyaluation act1V1ties used to assess
< ' . PR . . ’ .
- degree oﬂ,individual sﬁudent 1earning\and Judge overall

_ course effectivene§s“*'This princ1ple was noted long ago by

"Zr Ralph Tyler (1950), and has congistently been observed(to

4

be basic to good practlce in the area of educational cbdurse

and program ezaluation (Bellack & Kliebdrd 1977) This

L principle should be clear in order that the reader be/

disabused/of the 1dea that there is one Smele'“best" method

' ‘or set of procedures by which to evaluate the outcomes of’

M gontinuing education courses in. engineering. There is

v
" neithé? one "best" method ‘or procedure foxy %~tea¢hing or

.~

evaluation of such course§l . There are, ﬁd@ever, some well~

. established guidelines and alternative strategies for
b ¥ »

R ‘ ..5-" i
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-of large federally-supp?rtea curriculum development '

" The ‘procedures offered are also goounded in the activities

‘multiple and. divefse continuing eaucation,courses in the -~

.engineer’ing sciehces.1

'Madaus, 1971; Greenfield, 1978; Grobman, 1968).. It should

construct1ng and evaluatlng cont;nugng educat;on courses in = .
e

technlcal f1elds with attentlon?given to the variables noted

S

earller.
& t

In large part the present level of expertise in program

evaluation has grown out ofjfconcerns about the effectiveness

[

activities (Grobman, 1968; Worthon & Sanders, 1973). These \

¢

and ear11er curriculum development activities in publlc and

AN |
.®

hlgher educatlon, as wéll as in military tra1n1ng actlyltles,

provide-a good foundation for approaching the top1c of
"evaluation of learning outcomes" in continuing engineering ’

education: It is the purpose of  this book to set forth
this accumulated knowledqe in the hope that it will serve

o,

as a set of useful procedures for engineering educators.
K. . d
of an interdisciplinary group of scholars fron engineering,
-~ % (Sé 3
higher education, and educational psychology. This group*
- . ! '

has been engaged in the evalnetion of learning outcomes for

.
-

The concepts of both formative and summative evaluatlon -

will be used throughout this book (Bloom, Hastlngs, & £

-

‘be clear to the reader that these terms ‘are _being app11ed

L} LI
B U - ]
-y * - .

. w b

s
.

-

i'rhe'actiyitiep of‘thfs group were supperted by - the Nationalw 1o
" Science Poundation', Grant No. SED78- 22060, The Learning 4
Outcomes Measurement Project.




to the class of courses concerned with the upgrading of
K]

knowledge and skllls of practicing engineers and related

technical personnel through a variety of short courses and

pfotessional training seminars and workshops. The guidelines
presented are not intended for the development of formal
courses for underqraduate or graduate enqlneerlnq courses
taught over the course of a semester in typical college or

university_proqrams which lead to a degree. However, many

hd -

of the principleé set forth are useful in these situations

as well.

A}

The focus is upon alternative methods by which to
evaluate the learninq outcomes -for an array of short courses

desiqned for the professional engineer: It is necessary to

2

attend td‘the purposes, objectives, content, organization,
'packaqing, del{%ery, and {ollow-up activities which are
usually part of such short courses if they are .to he‘

evaluated properly.- Evaluation-is an integral part of the
development and dellvery of any such course (Aleamonl, 1980

Gaqne, 1967 Grobman, 1968). This type of evaluative

activity is usually galled formative evaluation; the means

by which courses -ate improved toward more effectlvnly meetlnq

[

the, needs of ‘the persons- who enroll in them

Summative evaluation is also required in order to

report to the indlvidual partlcipant something about the

A )

"degree t0'wh1ch he or she has achieved the course obJectives,

‘ whatamore‘qeeds to be learned, and how competently the '

-7 -
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. procedures and,skiiis learned in the coursexmay be practiced

in daily profesonnai activity ?poh returninq to the -work
site. Summative evaluation is also needed to describe’ the
general effectiveness of.such courses in erGEr that
bueinesses and dgencies who send engineers anéwother
technical'personnel to participate in training can Be
infor@ed about the general effectiveness'of fhe training.

It also provides information required for gériddic
adjustmentsﬁggd improvements in continuing educetion cpufses

-3

and programs by the persoms who develop and operate them.
) :

Summati(sreéaluatipns are descriptive and judgmental

e

¥

statements about the intenfiops, procedures, and+worth of - .
courses or programs taken as whole units. They.literally
provide a summary of course operation and effectiveness in

meeting .desired learning outcomes ovef a qiven\time period-
2 ' . .
with specific groups of enrollees. Any suﬁmative evaluation

may also be used in a formative way to make improvements' in

fﬁtpre replications of courses and their operation within*
N - & .
programs. “ .

The remainder of this book 1s organized into four parts.

The chapters in the first part describe a typology of

'contippinq education courses. Different types of courses

serve different purposes and must be evaluated in hifferent
ways. Another chapter deals with thé characteristlcs and .
needs of persons typlcally enrolled in contlnulng educat;on

courses. Two additlonal chapters deal w1th formatlve and

~

~8~
-5 <
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summative evaluation -and describe how these activities can

e

4 be used to help courses and programs to meet the needs of

the particip?nts who -enroll in them.

.

The second part of #pe bBook provides a detailed

description about the use of fourﬂdifferent types of tests

.

in the measurement of learning outcomes resulting .from .
instruction. The information and examples prov1ded
illustrate how the various types of tests should berused

when they should be used and “how the tests should be

developed ) : R

A third part of the book describes‘alte native

.

procedures for the development of vadid and reliable tests

and\measuring instruments by which to make inferences about

. . ' the gree of indiv1dua1 ‘learning and overall course
- . 8

[ '.effect veness, The development of tests and the testing
. “ .
activity is presented-as an integral part of the process of

¥nstructional development activities which are-required to
create high quality instruction.‘ The instructional purposes
’ahd uses of tests and testing are emphasized. One~chapter
is devoted to spﬂcific methods of test item analysis and

test reliability'detefmination. Another chapter is devoted

4

‘ to the limitations of tests and testing d serves'to place

this method of assessment of individualls’ learning and

@

evaluation of course effectiveness in a proper perspective.

£

The fourth part of the book is a single, but extensive'

chapter which describes and prov1des ekxamgles of how

. -9~ L .
[
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assessments of individuals'. learning and evaluations of
course effectiveness can -and should be reported to various
persons'and groups.’ The needs of 1ng§v1dua1 students,
ipstructors, administrators, c11ent!agenc1es, and
professional.éocieties for information about .the
effectiveness of courses in aéhieying their intended learning
outcomes are described. Methods of meeting these diverse
needs for information about the performance of%courses and
the oersons who teaeh and ‘complete these courses are
described. The types of information needed, methods for
gathering the information, and effective.ways:of presenting

the resulting data are all &éscribed The ggivac of

individuals' test scores and other 1earning assessments

-, and the Bublic nature of the overall, evaluation of course

and program effectiveness are emphasized. Precautions are
7

suggested to -prevent- the abuse of testescores.

—

" Means ﬁor the evaluation of “counses and programs"

_rather than "persons" are presented in the last c apter. -

Courses whé!e testing provides accurate estimates of learning
—

are described along’ with other courses where this is not the

. case. Limited time for testing, problems of adequate’

sampling of the performance domain being instructed, and
the anticipated growth in learning of course content after
course completion are all presentod .as problems which need

to be recognized and dealt with in the measurement of

learning outcomes resulting ‘from instruction. The

- *
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impossibility of making “complete" assessments of an

individual's learning resulting from a ‘given course is noted.

The use of multlple dindicators of 1earn1ng outcomes, item

E,u. .

sampllng procedures, and comprehenszve assessments of
course effectlveness are recommended rather than o only the
assessment of 1ndiv1dual persons' knowledge' and skill by
common testlng procedures. The last chapter pulls together °
the prev1ous sectlons of the book and makes strong
recommendatlons. It may be useful -to read the last chapter
first and then proceed to other sections and chapters of the
book as .it suits the needs .and interests of the reader.

The detalled table of contents and this first chapter
should be of assistance to persons in maklng the decision

about where to‘begin. Although the book is written in a

_sequential manner, it is also intended that persons having -

interest in any particular topic or section will be able to

&

' readily locate that section}and profit from its study

without having to read other sections of the text.

. o
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Chapter 2
CHARACTERISTICS OF CONTINUING ENGINELRING \
’ . EDUCATION COURSES
4
—

¢

There is a variety of common types of short coufses

»

"for engineers. Courses differ in purposes, content,
delivery ﬁefhod,.packaginq, and infended audience.' Eaéh of
these distingﬁiépin; characteristics will be examined and
iﬁplications for ewaluation of the d@ffeeent varieties of o

* learning outcomes noted. .
/ . .

. Four Basic Types of Courses ) 'K

Continuing education courses for professional engineers’ A

- o

may be classified anto four broad categories. 'Thesifgnglude

courses concerned with:
\ ~ .
a) remediation and upgrading of basic knowledge and
skills; o .

b) extending and'brqadeqing previbusly learned scientific
and technical soncepts and skills; : ’

- - - e \sl - L e — . - __\_a._‘__._ B I T U D T R S TP ..A‘; .~
s c) imparting new concepts &nd skillg in technical areas
at high levels of expertise to keep pace with
advancigg scientific discovery and technology;

. . .

d) acquiring new awareness, knowledge, and concepts
outside the areas of engineering and basic sciences
in order to .perform in a more effective manner the
many other duties rgquired of engineers in the areas,
of economics, persqnnel and business management, -
ecology and enviroﬁhenaal protection, and community
development, organization, and problem solving.

Let us now :consider examples“of‘each og the four types
of courges. Freqaeﬁt reference will be made to this ;ypoloéy

of continuing aducation courses throughout this book.

-
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Remediation  * °, o ’ ‘ ' t

The most common courses in this category are short
courses designed to improve basic concepts and skills.to help

. si" . . . .
engineers pass-state licensing examinations. These courses
, . . )

S

= )
are popular with recent graduates-of ehgineering programs

-who plan to sit far such examingtions.

Another example includes'shbrt courses designed’
. : ' < ,
to sharpen skills and concepts once learned, thoughtpot

-

recently used, but n6W'inW§emand because of a new process
being widely adopted. <Basic electrostatics and bonding _ '

f concepts in physics and chemistry, which were once learned

by mast engineers but since forgotten, are an example of an

,

area in need in a period wﬁen_many firms are developing
. copying processes'similaf to xerography. ' i g

" .
.

- Extending Prior knowle@ge and SKill

>

£

‘General courses which felateuséphisticafed concepts and

prihciples in different areas to one another fot purposes of. "

— ..."._ ___integrating. and extending concepts_leafned earlier are .. . . ... _
: . found- frequently in this category. An example might be a  * )

course on casting of metal alloys from powdered metal in wet

environments. This course might involve.information from

dentistry, iﬁdustiial engineering research coﬁcerning

-

" fabrication of certain.machine paris, development of new
-\/ = .

materials for repaip of structutral cracks, qné low tgmﬁérature

. Y N
: castings. Generally, the persons enrolled in the course are
\ R
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-

related to job performance in specific technical areas. This

>applications.‘ Such_courses emphasxze’updatinq'and "l:; f»«;

inteqratinq the,pfior‘knowledge ef the partic1panjs W1th

recent developmentsfin related’ﬁields. Preguentl the / .

motivation for attenainq'such a course is to increase one s

general knowledge about’theftopic.area and keep abreast of
,;.,,4 -~ _ - -

recent developments. The expected learning outcome

ant1c1pated by the participants and proposed by ‘the course

developers is often not a skill in relatidn to 1mproved

)

on-the-job per;ormance. Rather, it is a more general.know—
ledge and aWareness of relationships. R . g

. It is worth. noting that some partiCipants may also
‘o

enroll in other types of courses for this samae, "general

&

knowledge improvement“ ?utcome, even fhough the codrle may

be targeted to teach Specific skills and concepts very

° ” -

means that the typology of a given course is det%rmined not

[ )

onlyiby the course obJectives and coneent, but by’the
intentiong, expectations, and motivations of course

participants as well. More will be‘said about this in later

e
s

%

chppters. ' : ‘ : ; \ . -

4 \_"

] . k
Imparting Advanced Technical Concepts and:Skills

Caﬁrses on microcircuits and microprocessors to update.

|13

the enqineer on the latest thinking and development\in thfs w

- -
N \ ~ . .
. .

A




field ahd to call attention to the many“potential

applications to his or her area of work, are'one example,

- of»thrs’type of course. Typically such courses are highly

’ speCialized and focused on speCific learninq outcomes.

K

They ‘often require hiqh levels of expertise and knowledqe h

in prerequisite capabilities. For example an advanced course

concerninq the use of microprocessors to aidﬂindustrial

@
v

>

production contrel processes would usually*require 7
partiCipants to be faCile in computer proqramminq,
electronics, optimal control theory, and the basic
mathematical procedures which underlie all three areas. The

partiCipants enrolled in these types of advanced technical

courses often are motivated to attend because they "expect

X to learn very SpelelC methods and procedures directly

relevant to their ongoing work ' s 7.

-
Ad L}
v,

Bxposure to Knowledge OutSide of Engineering Science

.

Courses on current enVironmental standards for air and’

water pollution designed to6 inform engineers of the g

Y

allowable limits, methods of analeis,,aud methbds tg Tk

\

determine cost efficient ways to reduce levels of chemicals,

-

particles, and other by-products and wasttematerials in the

7

“envivonment are examples in this category. Couraes
C4

concerned w{th teaching the skills of human relations and

communications to enqineers in order that the village or

city civil engineer can loarn&how to mediate' more effectively

-~
Y

~-15-
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. Course Types k

3
.

. ‘ -
- ’

between opposing and often‘highly antagonistic individuals
. - % ’ |
from business, industry, union, consumer, and\sivironmental

“ .
pgotection groups are still another example. TNe need for

courses similar to these examples increasingly is being

recognized. The city, village, or project engineer just

’

often megiaﬁe among diverse community” groups and get them

‘to work together in the task of meeting enviponmental

standards for air and water purity or plan long term
comﬁunity development. Most engineers have ﬁqd little
formal training in the skills required for effectively
assuminq this role. Yet, engineers are feequently called
upon to sérve‘in facilitating, counseling, and group '

leadership roles. Because of this deficit in their prior

‘professional education, continuing education needs exist

for courses in engineering and community economics, in

communicakions and leadersh skills, and in confldcg,
resolution and human relations skills £o better enable

engineers to be mor@¥effectively involved in community

development activities.

"

Different Instructional Purposes and Methods Across :

It should be noted that the different’ gypes of courses
have not only different intended. outcomes, but that the
means by which to measure these outcomes are also different.

Courses of the first type, concerned with remediation of -~

-16-
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X - .
basic knowledge and skill for purposes of"scorinq well on

a professional licensing- exam, are similar to typiqal collegé
courses. For the course concerned with ‘basic knowledqe.and'
skil;s the most abpro?riate outcome measure is the success
of the course participants in paesinq the professional
licensing examination. The most approﬁriate measures for
assesslng performance before, during, or after the course
are test items sampled from the content domains on which the
persons will be tested on the professional 1dcensing |
examination. i
One of the most approprlate 1earn1nq act1v1t1es for
courses directed toward remediation and upgrading of ba51c
knowledqe and skill 1s€the completion of many practlce
problems esampled from the broad domain on whlch the student
will be tested. These characteristics also have implications
concerning the most effective duration, organization, and
delivery of the course. ~ ' s )
With the basic remediation course, dfstributed practice
with many sessions interspersed with homework "the cofrection
of homework problems and frequent qulzzes is the most
reasonable approach. These assessment procedures serve to
inform the learner and the.instructor of an indr;idual's
progress. Areas'needing additional study by individuals and
group instruction%by the” teacher are c1ear1y rdentified *
during the course of fnstructioh. A different approach to

teaching and agsessment of learning is required for courses:

-17-




in the other areas, such as_short duration, intensive
seminars or workshops. These other types of courses nay be
very effectlve, Particularly if the participants have the
necessary prior knowledge, skill?, and an active need for the

new 1nformatlon, but they should not be planned taught, or

evaluated in the. same way. ) :
'\ . . &
The th1rd‘type of course, concerned with imparting

specialized high levels of technical knowledge and skill to

)

a person already hlthy skllled in an area, is probably the

‘type of course for which prerequ1s1te knowledge and skill

‘

levels are most 1mportant. WrEhout the approprlate revel
. 1

of entry skills for such a course, llttle learn1nq can
/
occur because partlclpant//w1ll be unable to understand and

perform the learn1nq activities, comprlslnq the course.

Therefore, in these courses, some sort of screeninq by a

performance—task or test, and adequate lrstinq of °
prerequ181te skills for partlcipants before reqistration is
very important. Th1s an often be accomplished by clearly

stating theﬁcourse Prerequisite skills and kndwledqe

v
L

. requirements when advertising the course. Pre-tests may’

" also be used to determine thexentry level 'skill and knowledge

M

o! partic1pants, and to adv1se persons of their readiness ® "

for the course. Pre-tests also serve.to communlcate to .

\

_ Prospective partlcpants upeful 1nformat10n about gpecific

J

coyrse content., . )

-
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Assessing ‘Learning Outcomes Across Course Types

t

What can be accepted as ev1dence of achievement of the
intended learning outcomes for these differént types of
courses varies ‘across the four cateqories. "In most cases, -
measures which sample the 1nd1v1dua1' ;performance'on the

job or on tasks s1m11ar tolthose-encountered on the JOb are
- o \
the best indicators of competence. Since Lt is not pos31b1e

~

to include such real performance 1earn1nq opportunitles and

assessment tasks w1th1n courses in full measure, it is

4

necessary to design learnlnq act1v1t1es and testing

s1tuations which sample some of the key parts of the

\ ' @

performance required on the job. . A.good performance task ’ﬂ

for an advanced technical coursg>on microprocessors‘could

-

include the assembly of eleCtronlc circuits which would

« ’

perform an information procpssing ‘task. The validation of

the performance of the circuit and its proper interfacing

with laboratory equipment might be another type of

(L ¥

performance task by whichcsn aaaeas.the degcqe»ot learping. -

The proper operationzgg the circuit and tbe student' { L.J

ability to validate the circuit in a laboratory simulation

is a rigorous test of the student's performance. No;other -

test is needed These types of assessmenx tasks can be

built into the instruction of the short course, and indeed

-~ Y \

are most apprOpriateiy administered in this context ?

In contrast, dn a course designed to foster 1ncreased

~

-

skills if human relations and communications, it;maybnot )
= . . rl N -
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be possible to so thoroughly assess the acquired learning

c .’ AY
Outcomes. Often the performance measure most appropriate

- ¢ *

1n suchqsituations is the presentation of a series of filmeq
role plays or verbally presented episodes These can be
followed by _paper and pencil tests requiring the analy31s

of .the roles and characteristics played by various persons
'1n.thehepisodes. Based upon course principles part1¢1pants
can be asked to develop a plan or course of action for some
real- life sutuation 1nvolv1ng the meeting of disparate

. groups he or she is expecting to work with in the future.

--.An additional requirement might be that the’ plan be developed

.

as a product the course 1nstructor can evaluate.

For both t‘ivmicroprocéssors and human eelations skills
.courses, the best performance measure is follow-up
'obsergation of the .degree to which the coyrse particpants

' put the new knowledge and skill to use and the competence

" i

"~ they exhibit in doing 'so. However, sach information, b;yond
self-report or supervieor ratings, is difficult to obtain.

-For this reason, test tasks and other assesnment methods

t ot

»used within the confines of a: course,—or<sent to participants

‘ [

as a follow-up activity ‘and returned for scoring by the '

course 1nstructors, are often more practieal and can be very )

>

helpful in assessing tne quality of the course and the amount

: -
of student retentionkand learning. '

\ e —— N )
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Utility of Learning Outcome Assessments

@It should be apparent that the information obtained

from the\assessment of tourse learning outcomes.is -waluable

tozseueral groups. First, it is of great value to the

g persons who develop, teath, and redesign the courses them~

‘gfq_selves. !Any course can be improved if systematic 1nformation
about how well it rea&hes'selected learning outcomes is
attended to. It is often necessary to ask why these,outcomes
.have been realized or not realized, and not only how well.
Answering the why question often calls for qood descriptions

of, how the course operated, the att1tudes and behav1or of

the participants, and instructors, the appropriateness of |

the content, and the physical features ‘of the s1tuation in
) which the course was instructed For example, even the best .
designed course may not work well if offered by a bell;gerent

instructor‘ late in the evening, in a poqrly ventilated and

‘e

illuminated room, Such conditions may cause participants

’ ~ - -~

- . to 1ose interest, become hostile, not pay attention, or drop
out of the course. Consequently, it is important -to

. ’ systematically seek information about how courses are

-

. ' ,
o . preéenﬁed and manaqed as well as about the 1earn1nq outcomes

’

- -of participants on tests and other performance tasks

\\(Worthen & Sanders,)1973) Questlonnalres, 1nterviews,

- observations of c1ass§s,“an§msimilar_methg@s,a;e_gﬁten,véryL.

useful toward-this end,:

~

4
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The results of assessments of participants’® learn1ng shoald

®

" Another group with strong interest in learning outcones
of short courses and related training activities is the
participants themselves. Contrary to popular oplnloni
part1c1pants do not m1nd taking tests and being assessed by
otner performance measures (Ferry, 1979; Moss, Barfield, &
BfYthe, 1978). Hobever, the tests or procedures must be
reasonable in'length and diffioulty; directly related to the

N - e '

area of{instruétion, and the results useful to the learner

in self-assessment of present levels of skill~or knowledge.

always be promptly reported ta the individual. It should
also be done prlvately.' An 1nd1v1dual s performance
assessment should not be made as_a publio announoement
(Wolf, 1974). Later in this book methods and means of
pgfficient reportlng of learning outcomes of participants w1ll

be described and illustrated.

N

Employers are another qgoup of persons with legitimate

interests in the results of leerning~outcomes of workerg who

have participated in continuing engineering education oonrses,
especiallL since the employer often provides releése time
from work and payment of tuxtlon costs for the partlcipant.
Employers have a~rlght to know the past general success rate

of particular courses with groups of participants similar

" %o their own employees. In addition, they have legltimate SIS ahas
LY A -

~

interests in the progress Sf individual employees.

-, B . -
-

: \
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Professlonal societies and the admlnlstratlve officigls-

X

who oversee continuing education programs have similar

needs. :

<
v 4 ' =
- 4 ° g > .

-

Limitations of Typical Learning Assessment Procedures

- M . -

Caution must be-observed inireporting results of
’ .

learning assessments:and tests of individual participants as

. the only measure of or the definition of learning which has 5

A

occurred. Typical: assessment procedures or tests always

-~

test less than the functlonal domain of skill and knowledge.

2

Very important learnbnq'outcomes are often not measured -

.

by any given test or assegsment pfocedure; For example, a
/J
person may complete a course on the conspructlon of .

. .
-

sedimentation basins and stream channels for ¢ontrol of water
. runoff on surface mined lands. Perhaps thls pgrson’ scores
very poorly on the post test for the course, indicatlng he
has learned little.. However, the person may be a-former 4
land surveyor whose pnesent job\ln state government requ1res~
. him to have cons1derable 55}11 and knowledge 1n thls new
' area, perhaps because he 1s an irispector. . Now suppose this .

individual is very worried about h1s tack of knowledge in

this. spec1alty. Perhaps he dec1des to study the course

materials on his own after the course. Because of the ocourse

__“}*,ﬁlul_land_the—resultsnof thewpost test hé can now identify whatﬂh

‘bagic knowledge, computational algorithms, and procedures “

he needs to understand. Perhaps, also because of the course,

. .

, -

/ ’ ' ’ )
.
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the ininiduel is able to identify another professional*in
- attendance at the course to whom he can:turn for aseistance.
JSupooqe tné participant seeks the assistance of. this
colleaque in feture assignments and thit,*additioﬁhiiy; he
recorts his own aasessment of his learning ‘'needs to his
w'.. supervisor and requests that He be allowed to attend the
a course again. If he follows this plan of action‘ he has,
indeed, exhibited some very ma]or and important learning

-
outcomes, despite his low post test score. Certainly his

-

béhavior'is a likely indication of ewentual improved
performance in his job. In any event, the individual has

achieved an important learninq outcome, ‘a more" informed
4

knowledqe of his present limitations and how to correct them.'

One can llso anticipate the reverse situation in which
a person scored hiqh ‘on the formal assessmgnt procedure or

test for the course, but really remained functionally unable

' or unwilling to put into daily practice what she or he had

{

learned.

The point of all of this is #imple. Test scores and
e other short and artificial assessment procedures are oniy.

entative indications of what a person knows and has learned
N L
Actual performance and change in performance and work

v

"activities on the job are much better indicators of the value

-~

»

-

. __of the course with respect to learning outcomes.for a-giwen — -— - - —._.

course. There is a tendency for progessionii enqineerinq
societies. and academics concerned with doctimentation of
] \ - .
/
- ‘ - ~24-
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amount of learning resulting from continuing education

courses and CEUs to ignore these facts.

q
Conclusion

In summary, many engineers, engineering educators, and
some members of professional engineering ‘societies expound
the view that there ought to be a straight forward way by
which to measure the learning outcomes of courses. The view-
) point is- comMonly stated as an expectation that it is ldgical
" and possible to-assess learning in such courses in terms of a
given test with a .test sc%re or some other numerical
" > performance score. While it i% certainly possible to design o
« good tests which measure aspects of. learning in very feliable
ways, and while it is possible to dev;se very good functional_
performance tests, it ﬁfneins very difficult and costly to
nake a thorough akﬁpssment~ei¥the learnin% outcomes of a |
particular course -for a particular engifieer. The, common
and naive wish for a slmple 10 minute pre-test and another
10 minute post test by whieh to ascertain the precise ,
- /////’unt of learning of an individual continuing engineering
education ‘student in a "given course is not realistic.’ It is
S not that such tests cannot be deveioped to be highly rellable
and valid to a specxfic outcome. They can be quite easily.
T 5 Rather, it is that the . inclusiveness of the test is almost -
‘z‘—’"‘*atways“much“tess“than“thfgintended and“tmportant -outcomes- - - - ..
of the)short course. \Thzﬁgfore, when one mses such a test,
onp_knowﬁ only that the participants know 8o much or so little L

-25% ~
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_dt these methods. ‘ -

-

about that séecific _aspect of the course and its content. It
is not appropriate to generalize from that one test score to
matters of: a) .whether or not the person w111 use the
knwwledge gained through the course.in actual practlce, b)),

whether he or she can actually use the kfimwledge or skill in

véried and real work related -tasks; and c) whether or not the

.person has learned anything oftlasting significance gimply

@

bedause»this particular test score is'high‘erhlow.”

Recognf%&gg theSe limitations should not cause the

reader to despalr. vThere are many methods by whlch reasonable

}

estlmates may be made about the effectlvenese of spechlc

s

apurses in achlevxng their 1ntended, and sometimes unlntended

_ learning outcomes. Later ¢hapters in this boqk det@#ﬁ many.

[

- &

' - . I L
. :
.
> . N . & .
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This is an important point for ‘it reminds us that the

. or as representatives of the1r companies or agencies,

Ch¥pter 3 ~ '
¢ . )
CHARACTERISTICS OF COURSE PARTICIPANTS

The parti{ipants enrolled in- continuing engineering

P

education courses are dfbtinctly different from persons-

* -

enrolled 1ﬂ’§ndergraduate and even graduate courses in

N

engineering degree.programs at collegeS'and universities. '

persons who voluntarily attend short courses, on their own

~

do so

i -

for reasons different fro.. those of persons enrolled in

Q

courses within degree programs. QQnsequently, 1nstructiom

should be d1fferent.$om this population. L e :

. | .
' 14 - .

,A‘Focu: on Bractical Needs . . L o ‘:-Wfa

.

&

°

. s ¥

-

- \ + which they ‘earn a living doing engineering within soﬁe . -z

&

~

One difference 1s that the short course participants B} L,

o

' are alre&dy practicing engineers 9r engineering égchnologists,

fn most cases. The usual concerna that facuIty members

{
exhibit about the quality of the. engineeripg student and his

r .
or her qualifications as a practitioner are moot points w1th .

z 1 e ~

the short course enrolIee. By and large these persons are’.

w . «
already practicing engineeripg, quallfied or unqualified N
They are qualified\by virtue of . holding the position for

0

The concern of- the‘short course o

v

agency or business.

instructor should be much nore on the functional, efficient, “

-
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safe, and wise performance of the engineer in some special

3

. area for whlch the course is specifically de31gned
” A second dlf)ftence between short courses of thls type

and more traditiomal.coldege’ and university courses is that .

i the former are more focused on specific skllﬁs, concepts, e -

’

and procedures, while tradi§lona1 courses are often much more -

diverse, general, and theoretical. In tradltlonal courses
N v ~ .
in engineering and "basic sciences; professional engineering

societies and academics decide what knowledge and skill ‘is

~

basic @0 practicing engineersng. This core becomes the
: \ )
content of the curriculum. In short courses for. practicing

) -
[} . 2
.

. \~ v
engineers, academic standards,\basic theory, and curriculum
objectives .of traditional academic courses are all seconaary

\ to thé functional needs of the paracticing'engineer who is

e

7 often returning to learn somcthlng specific about some area-

of performance which needs tb ‘be 1mproved or some topic of

special interegt. ™~ '

o - -« ) . - ™.

) T awr & A . . o
., Michdel Scriven, (1977), an expert in educational

program evaluation, makes a very nice dlstinction between

' ob]ectives and ‘'néedg. He notes that when teachers and .

L

- other operators of social programg have a captive audience, i .
Z 3

they talk ‘about "meeting the objectives of the prograd "

These' are ohgectives of the person of persons who de81gn,

N fJ_“Lw“_w~denelopTeand_operate~the~péeqram73~However77when~then—~f%—
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&
Y-
‘audience is not a, captlve one, when persons‘are spendlng

their own money in search of new ideas, skllls,yor things, ' p

Kad the focus is almost never on "objectives" but on "needs" . ?

Vo This distinction is the basic difference between trgaitional
. undergradﬁate and graduate engineering.courses.in Qegree

A% . L0

»
programs and short courses of- a continuing education nature
@ \ ‘for professional engineers. - T
: < . ?

The persons who come to. such courses care ve*itt’le
about the ob]ectlves of the 1nstructor or the unlver31ty.
They care a great deal about meeting the1r personal needs .

related to performing better din their work. The ob]ectlves

- ‘.

of the course are useful go these engineers anly inspofar as

O e they communlcate to the 1ndividua1 parthipant the nature .

'of the course ?nd what nay be~1earned from part1c1pantan

s
N [ & Al .
2

levels of skill prlor to entering the

course, infornatlon useful to the person in assessing his °

Or'her _own readiness -to entef the coufﬁe\and profitﬁfrom

s - vr »
.

-

- the experlence.

Likewise, evaluatidhs of the typical learning outcomes

e £rom such coursas for’ earlier groupa,are of 1nterest to
. o ..
L . part1c1pants and emp ers. TPhese past evaluatlons provide
\# . ,‘infprmation about.’t ticipated utility of the course prlor

to spendlng one's own money and time, 1n 4omplet1ng it..

*x rn

2Comments made in an address to the stddents and faculty of ’
the University of Kentucky, Graduate School, by Mlchiié Scriven,

- March 12, 1979.

~
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- Evaluations of the general effectiveness of such courses

are sbmethipg akin to "fairness in labeling" in medication,
consumer products, and ophér areas. A company or ani
individual ﬁag a right to know the genéral effectivenegs of
a course in terms of ‘improved knowle&égj'skill, and
performénce An tbe job, In fact, it is just such types of —
evaluation, qsually.aécompiished\inforﬁally by questionihg _
and by oebservation by cotworkers and'supérviéors of/personﬁ
who Havg completed specific éﬁorpvcourses, which are the

) balsis for fuéure course enrollment and success.

In short, if the cqerse is well designed to meet the

L d -

needs of the participants in parfi'ular areas of focus, and . -
. if thene are’not readily available and efficient ways to -

. . meet this need other than the short course, then the course )
is likely ‘to be very suécessful) Its effectiveness w111 be
recognized by the persons functionally engaged in this area .
of practice. ‘The course subsequently will be praised by
word of mouth in préfessional and corporate circles, ;nd
consequently become heavily enrolled. It is good that this
practical form of tactt evgluafion‘exists dpd it ought to .
be enc0uragedl | |

\ This digyi?ction between persons'enrollipg in contipuing » J//

N . education short courses and more traditional degree program

‘-~

courses also has implications for how students;shou;dlbe
— __,u-ias%ruetedv~*8efore~detaiiing"thégéfaifféféhces in
‘instruc%ional methodology and style, it will'be helpful to

-30- T ¢

A

3

4
)

ERIC \ Lol




N
~—

. .: . ‘ Q@ -
Py . i L 3
review information about the typical characteristics of

&S L4

¢ . C . .
bérsons enrolled in engineering short courses.

Professional Engiheers as Students

Adult learners who participate in continuing engineering
education progr;ﬁs differ in'a number of fespecﬁs'from
unéergra@uate and graduate studeitts. These diffegepces have
implications for both admigistratSrs and instructors of |
suéh programs. ‘A survey of some 257 continuing\engineering'
education participants at courses offered‘by the Universitf
o? Hi;consin pointed out som2 of fhe major differences
(Klus & Jones, 1975). This survey révealéd éhat continuing

edqcation pa{gicipantsxare usualiy: a) older, having a

mediarr age of 30-%9 years; b) practicing eng}neers rather

" than full-time students} and c) seeking to upgrade previous

knowledge‘and skills for direct and immediate, rather than

deferred, application to their jobs. In addition to

participation in formal college or university course work,
fifty-four percent of the praqtgcing engineers in the survey
reported strong interest in various types of continuing

educatjon programs and activities (See Table 1). The
¢

'qomplétion of in~-house educat{oné@ programs was ranked

highest. in térms of afpreferfed mode for continuing
- a ¢ ’ AW ~

education. The completion of shorticourses and similar
_ .

continuing_education activities sponsored by professional

societies and governmental agencies was aiso rated highly.

-31- :
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Study through formal college' credit courses was least

valued as a mode of combinuing education.

-7 o Table 1 )

1
. - Enganeers' Interest in
Non-formal Education Programs
‘ L=

a

¥

Percentage of Persons

.

Expressing a Preference for

This Type of Educational

Type of Educational Program ¢ Fragram
:,Reading current engineering and )
technical literature ‘- . 54%
’Completinggminihum 1l credit
cour'se 18%
;Completing in-hourse -
ﬁ; educatldnal programs ‘74%
. 7 :
iCompletlng professional, ’
. society, & government '
@3 . sponsqQred programs : . : 55%

Source: Klus, J. P. & Jones,. J. A. Engineers invblved in

education: A survey analysis, Washington,.D C. American

- Society for Engineering Education, 1975.

Because tuese éourse ﬁarticipants are usually working
full-time in their profession, the time which they ﬁgve
available for instructionggnd study is more limited than
~ their gr duate and undergraduate counterparts. Therefore,

o

instructors are ferced £o devslop and use t1me-éffic1ent

.

methods; in their course offeringS'forgpontinglng education,

. T participants. g : . \\ .
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While many underqraduate'and graduate students in a®

formal college and university programs'would like\more .
instruction in practieal matters, tHe typical‘qraduate
\cngineers enrolled in a continuing education course'often'
demand learning experiencés with immediate épQLication. In

the case.of more general coursés designed to integrate‘

concepts and principles rather than focus on particular ' .
skills, participants demand a sharp focus on specific topics .

and time efficient instruction. Rarely isxmore than a ’

";\w

few days available for the presentation of the material. T

”

Employers have similar concerns.

A recent survey of graduate engineers 1ndicated that

65 percent =of the participants in a gooup of continuing

education courses in engineering at the University o# oL

Kentucky sa'faf important consideration influenging their

attendance was that, their expenses were paid by their T .
N .
employers (Mertens, 1979). Employers are very concerned .

with the direct relevance of ogurses the daily work
v .

activities of tneir employees. This fact is widely\known
to persons operating cgntinuing education courses and

interactinguregularly with employers of engineers; Given
this concern"and‘the fact that many engineers oo wish'to Lo s

attend short courses and other forms of continu&ng education -

‘-«f’
activities, it is important to recognize the strong need

-
—_— D et .t e e ——— — e

- for applied and practical courses. - « . -

’
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_£hey* can become effective developers and teachers of

|
“
-
:" \‘ Al .
-
- . ‘

‘Slnce most un1versity hased cont1nu1ng eng1neer1ng

‘educatlon programs are taught by professors who also’ teach °
at the graduate and.undergraduate levels, it becomes
necessary for these ;nstructors to "shift gears“ in order
to prov1de the 1earn1ng outcomes desired Qy part1c1pants )
in cont1nu1ng‘fducatlon courses - Paculty de?elopment and
inservice education actlvitres‘may be beneficial to staff
from engineering colleges,who‘usually.teach regular courses

in formal degree programs. These professors often can learn

much about the needs of graduate engineers in continuing e

)

education courses, the characteristics of these learners

Which distinguish them from younger undergraduate students,

' * o

~and means to defagop and present'effective’and efficient

LN A

short courses to meet these needs., The teaching methods—and

organlzatlon of instructlon in short courses need to be

moae focused,/sklllfully articulated and executed than
. -

in courses where-more time is available. - The couryé

content also needs to be more sharply delineated. Professors

ot

accustomed to teaching more traditional collegé cour ses

R

often have much to learn in these anddrelated‘aEEas before
continuing education eourses. ‘A. comprehenslve 11st1ng and
description of the specific skills and competencies needed
by continulng education faculty is provided by McCullough
(1980). Hé alao provides a questionnaire for assessing

faculty competence in each major avea of performance. The

~34-
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(“ K

citientele encountered in short courses. The fogus on

questionnaire and the performance categories upon which it N

a

is based are useful in determmning what“hpeCific skills need

to be developed in persons who are aSSigned the task of
,? . 1
developing, operating, and evaluating continuing education

S

course§~for enqineers and other technical personnel. L
The preparation of faculty "for this "new" role.can be

LY

Facilitated by the fnvolvement of experts from other
dieciplines‘;uch as adgit educationf educational psycholégy, i
and instructional design. Any inserviée education of
faculty.in the de€sign and operation of continuing education
courses also oﬁghf to include direct experience with well
designed continging education courses ahd fhe persons who -
develop .and regularly Eeach theee courses. 'The most exemplary

L

teaohers and courses may eometimes be from outside the
acadeMic community of major universities and colleges. - -
Inserviqe education® efforts are freguently needed to assist
engineering faculty to meet the challenges posed by a

different, more adult, experienced, and practially ofiented
e =

N
B

teachiﬁé very specific topics and skills within a very

_restricted time frame also demands major adjustments in

* )

teaching style.

x

Adult Learners: , Andragogy versus Pedagogy
*t

-

+In recent years adult educators have differentiated ,the
’W
assumptions concerning adult learners from those-
é‘s
\
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f:Zaditionallf $inked to children. One such educator,
Malcolm Knowles (1970)., has coined the term “gndraqogy; to
describe the art and science of heipinq adults learn, ;;
contrasted with‘"pedquqy", the art and science of\teachinq -
children. Knowles' concept is based upon four assumptions
concerning chanqes‘which oécpr when a pérsph matures.
These includeé a) the movement of self—conéept from
. E dependency toward se}f—diriftion{ b) the accumulation of
\ | expefience which becomes a valuable léarninq reservoir;
:'c) the orientation 6f the individual's learning readiness to
the developmental tasks of his or her social roles; and
d) the shifting of time perspective from postponed to
immediate applié§£ion of learning. As learners become aduit
their Orienéation increasingly turns from one of subject-
centeredness to problem—cenieredness (Knowles, 1970{.
The acceptaﬁce of these assumptiqﬁs conéerninq adult ¢

education has implications for administratérs and . ’

“instructors active in continuing éngipeerinq education.

T
»:{}

Roles of Adult Learners in the Learning Process e

If adult learners are self-directed, in varying degrees,

it follows that they need to#become involved in the total ' \

. learning process as much as pgssible. This includes:
a) assisting in planning the learning objectives and:
activities; b) actively engaging in the léarninq experiegce
- i£self; and c) evaluating the learninq experience in terms

N 0%

of its outcomes and their worth.
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The persons who develop and operate continuing educatlon

'

courses for engineers should routinely involve&samp&es of

actual persons employed in the target area for their courses.

These persons, as welk\as their employers, should be.askea':

e

to make judgments and‘comments about the proposed objectives,

P

. content 6rganization, and teaching location for courses which

.

are under development., Sometimes surveys of the -educational

needs of the population of engineers in a region should be

undertaken before courses are develoﬁed. This tvpe of
activitycis commonly referred to as conducting a "needs
assessment", ’Gathering such information about needs and
exposing proposed course objectives, materiais, and’ _
procedures to prospective enrollees can serve two purnoses
First it can.improve the course which' is finally developed.
Second, it can alert professional enéineers and their
dhployers that there is a local group of engineering educators
who are competent in many areas and genuinely interested in
the needs of working Professionals. These activities improve
courses and instruction and also 'build rappott withﬂthe
professional engineering community, which otherwise may be
unaware of the local,expertise and reeources availanle to
them. These experienced adults who make their daily 1living
by doing engineering actiVities are very qualified and
capaBle of planning what they need to 1earn and how to
accomplish it. T

Adult learners should be directly involved in the

’

teachingfiearning activities whkth each other and with the

ok
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gnStructors in ongoing courses. Course participants will

a

fréuently have example applications, problems, and prior
experiences which can bé shared and cah amplify the points
made by course activities and the instructors. It is

. 4
important that .ifstructors raspect the maturity and experience

of participants éhd‘recognize the value of seeking out

) ‘ .
and using tHeir contributions, criticgfms, observations, aq&.

ideas.. Arrogant'instructors who feel thatsparticipants are

. \
often incompetent in basic areas and must be told what to do

add must always bow to the expertise of the instructor, will

usually run into much difficulty with such groups. The -

more appropriate relatlonshlp is one of a tutor, expert

in some areas, who seeks to share ‘some of thls expertlse
' &
wi h fellow professionals who have aétively committed the

tlme and energy to come together and study, question, and

\ i'

leann about an area of interest to them. Some college and

unlver51ty instructors accustomed to playing the authoritative

\

professor role in traditional courses have difficulty adoptlng

the partnership role necessary for contlnulng educqtion courses.

Roles of Adult Learners in Evaluation of Courses
y - 5 ’ ] .
The adult learners enrolled in continuing education

courses are also a very important source of judgment about
- "& - N .
the. effectiveness of the courses in achieving certain out-

comes, some expected and others unexpected. This group

also can judge the worth of courses, and parts of courses,

' -38~
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in promati g»worthy outcomes. Worth is.uaually defined as
“ﬁ
learning something useful which somehow facilitates one's

¢ . .
work ectlvgiy or some aspect of this activity. , Consequently,

¢ *

the judgmente of course partieipants: and their employers

4
1;“,

and supervisors} about the worth of courses is important
infogmation wplch should be routlnely sought out, collected,
and provesseﬁ Y contlnulng education program operators.,
Formal testing and performance assessment procedures, as
well as interviews ahégquestionnairés> also Ean,prévide :
information about éhe worth of courses and lead to their
impreyement. . B |
Instructors and administrators c@arged with the.,

" responsibility of 'continuing engineering education have

e

traditionally shied away from'formal evaluation techniques. ,
Such Eersons often feel that adult learners are reluctant

to be judged by their peers and, thus, would perhaps not
attend progrems providing this type of evaluation of
individual student learning qutcomes. Recentvstudiés haYe
,8hown that th;s is generally a false assumption (Ferry, 1979;
Moss et al., 1978). Interviews conducted by the Learning - |

Measurement Project and earlier, studles by the Unlver51ty
t ~ 2 L4 ¥

of Kentucky s ,College of Engineerinq, reveal that .

partlcipants are w1lling to have objective evaluatlons made
n-

of their lcardlng. This is especially so-if the pexsons

who t%gch theqcoursee view the learners as adults and’® -

Al

convey the genuine desire tb'evalgate the course and program
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-and not only the individual learner. Stuaents who recoanize
U that the results of formal testing and other performance -
. -assessment p:pcedures will be used to provide evaluations of
coufse effectiveness and lead to iﬁpgoved course organization

fﬁ?% will generélly be quite willing EB be assessed. This is

even more-true if the students are aware that the tests and

asEessment procedures have been carefully constructed and
Phahe
" are reasonable estimates of their knowledge and Sklll in

spec1flc aspects of the course.

)

g While program administrators must be aware that

particpants 'may .be reiuctant to take tests, particularly if

‘ ) . - - b . -

"they are poorly aesidﬁed anf imprope&ly used, they should
elso be aware of the growing demand from.many sources for
valid vertifieation of learﬁing outcomes. These @ources

* include employers, who\ofteh pay all or pert of course fees;
universities; professional societies; "and accrediting
agencies. AIFhough additional research is needed.in

this area, studies completed to date appear to show-that
. ‘ ~
- a engineers attending. continuing education courses dp not

o - resist objective measures of performance, partdcularty if

these measures help them asSess their own level of learning,

-

and contribute to course improveament. The key question

should always be, "How effective,is this course?" After

. that question is answered it is appropriate to ask; "HoW" much

. N ' . ]
.

did this particdlar participaht learn about specific.intendeé

.outcomes and‘how can his or her %earning be accurately
y ’ !
estimated?"” )

‘ o : ~40-
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Adequate evaluation, it must be recognized, can be
costly, both in time and money. However, -objective
evaluation of learning outcomes can serve §evera1 purposes. . .

These include: a) meeting the démands for accountability .

N -

of outside agencies: b) enabling continuing education

»

administrators to more effectively meet the needs of their '
N |

* ciientele, c) providing dourse instructors with objective '
data to determine how much learning has resulted from.

instruction; d) providing a method for evaluation of

effectiveness of course 1nstructors, and e) demonstrating to

Py,

course partlcipants and employers Ob]ect1Ve methods for ' q
- R [ N 2 -

j determining course learning outcomes. .

. Motivations for Attending Continuing Eduéation Courses

The angineer’s motivation for participating in continuing '

. education has implications for both the advertising of R

.
)

programs and the instrgctional desigo of coprgos within
continuing education programs. Information about
participants’ motives»for attendance can'oe used to direct
theﬁoontent of “the promotional materials to potential

; -enrollees'and their employers, thus resulting in attracting

larger numbers of interested students.- In.additioﬁ, course

| S

content and instructional techniques can be designed to

\ enhance student motivation and achievement (Cole, 1980)

.

»
The general motivation of adults for participating in

continuing education has been studied by a number of
..4&-: )

'

»
i .
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researchérs (Monstain & Smart, 1974).”However, literature

. ° =7 N

specifically about the engineer's motivation is scarce.

Wiesehugel’(l978), using’ a taxonomy proposed by Miller (§§77)

studied thg motivational factors in a group of professional
. /
engineers. wiesehugel found that the most popular reasons

for attending continuing education courses were payoff from-

previous study, acknowledgement of a changing Enowledge

base and the need to remain abreast, absence of accepted

. certification in one's field, and. upward aspirations. \

£l

Wiesehugel's results are of interest because his sample

consisted of professional engineers.' However, his sﬂﬁdy

-~

was not as conceptually or methodologlcally sound &s

would have been desirable.

- A

Based on the work of Wlésehugel and Monstaln and Smart,

~

an exploratory study was/conductéd by Mertens (1979). ' This

4‘.-
study was part of the Learnlng Outcomes Measurement Project

Y

conducted at the University of Kentucky. The nature of
the stugdy and a summary ‘of the results are presented below.
Although the results«are based ubon‘only one‘course, which

falls into the fourth category of course typologies, the

* . ' 3 ® ,' - . ’ i} 3
results -are 1nformat1ve. . - T d

The Mertens (1979) study was basedégg responses of 179

P
S x«—‘l

pabfe381onals enrolled in a telev1s1on-presented course in

economic analysis for engineers. The course was sponsored

by the Appalachian Education Satellite Programzfand the
. { s ] -

;iu/"

-d 2~
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participants were located at 25 sites in Appalachia. The

~

particpants represented primérily civil engineers (25%),

*

followed by "other" (22%), mechanical engipneers (19%), °
électrical engigsers (15%), .and chemical engineers - (28%) ..

The "other" group included non-engineers, engineering

assistants and technologists, and planners.
The paféicipaﬁts completed a pre-course survey whi¢h
included questions about demographic information, sources of

tuition fees, and whether emplogeré had rec0mmended_'
8 ¢

attendance. In addition, 19 items believed to be related to
participants' motivation for attending the course were listed.

Participants were asked to rate the importance.of each item .
~ . N \ . ' 13
for determining their decision to enroll in theé course. A

five-point Likert scale was used to rate each item.
The results of\the participants' response to the

fmotivational factors are presented in Table 2. ‘fhe

)

} . - . . ,
.mean-.ratings of -the 179 participants are presented in rank
order of importance. The highest rated items pertéjhed to

professional advancement, e.g., "To learn new ideas that .

might enhance my job performance", and-"To acquige gpecific

F . %

knowledge of a field or subject.“\ The lowest rated items
5 .
were related to external expectations or influences, e.q.,

"I-want the certificate that is awarded at the end of the

couise;" and "My agency/supervisor strongly recommended .

i

that: I attend." It is also interesting to note that the

-
- %




Table. 2

Rank Ordering of Motivational Factors for
Participating in Continuing Education*

= AN
ivati . , P
Motivational Factor s.d.
To learn new ideas that might enhance : -
my job performance. . 1.44 ) NLb6
Interest in the subject. . _ 1.46 .62 |
3 To acqéure specific knowledge of a ;e . . : .
field or subject. {1.48 - .72 .
/
To learn some of the newer techmques { s -
- aof economic analysis. ") 1.80 - - .89
To acquire a new set of skills. v {184 .81 -
. The opportunity for prefessional . 2 | N
" advancement. . ,’/ 1.97 . .96
7., The opportunity for intellectual. i . _ ‘
stimulation, -~ / 2.21 . {116
The locatlon was within commuting / \
distance. ’ i 2,25 1.22
To do economic analysis. / 2.39 1.1
To refresh my sKills in an already -
famnhar area. i 2.64 1.27
Have taken continuing educatlon courses h
prior to this one apdifound them to be
of value. . "2.91, 1.19
To meet with my colleagues and exchange
tdeas with them. ) 3.02 ‘ 1 1.09
13. My boss wants me to go to schﬁpo’l)‘ 3,19 1.36 -
14. Taking tb;§ course may help mQ;,mamtaln - o
my present situatien. . 3.26 1.33 ¢
+ 15. My expenses were paid. 3.28 R 1.45
16. My agency/supervisor strongly g
recommended that | attend. 3.44 . 1.34
17. Need more education. ~ 3.44 . 1.28
4 -. .
18. Want the éertificate that is awarded ‘
at the end of the course. R 3.49 1.32
19. 'Know other engineers who are better off .
because they took a course in
. engineering economy. - 3.62 1,12,

*Rating Scale: 1 - very important - .
' .2 - moderately important -
3 - neutral '
4 - moderately unlmportant o= o
5 - yery unimportant -44% v . ) %

[
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standard deviations of the highly rated items-are uniformly

»

-small, while~the standard deviations of the lowly rated items
are much g;%&ier. igis indicates that there was much common
agreement among participants about the highiy ranked itéﬁs

as motivationaltﬁaigors for attending the ééurse and less
agreement abaott the other faétofs ranked 1lqgwly.

o‘ < 3 . . . *
More information is reéhlred in order ‘to correctly
. v’

interpret the ratings of several items. For example, the

-

. ,
participants' response to "My expenses were paid," is

mean}n@ful only if the particpants' expenses were indeed
v {'; L]
paid. “When asked who pé&d for their attendance, 63 percent

»

responded that theirvem?loyers paid for them. The mean

rating of this 63 percent of the paﬁ%icipants for fhe,itém

-

(15), "My expenses were paid", was 2.89. This contrasts

fe with the 6verallgmean rating of 3.28. Thus, those whose
i

. \ R e s AS .
expen@es were paid rate this factor as having somewhat
) e "
more importance.

Y

This situation also applies to the item, "My.ggency/

A

- supervisor strongly recommended that I attend." Forty-~five
percgnt of the participants indicated that thé;r employer
.recommended atéqndance. The mean rating‘for tﬂis group for
the above item (16)* was 2.84, as cdontrasted with the whole
group mean rating-of 3.44.. Qnée again, the gréup for whom .
the item wag most relevant rated the item as slightly-more

important;




S ~ . - . \ ( *
. K3

.

Mertens' (1979) results suggest two conclusions: First,
¢ . .

°
-~

engineefs-engo;fed in ‘this course tend to rate the items N
et -

concq;ning acquisiéion of specific knowledge and skills and
professional advancement as' most important ‘for influencing .

- their participation in continuing education. ihese are
~ " e

y * predominently self d{rected or intrinsie motives. Secondly, e
. , . 3 ‘ ™
éiy . external influences appear to be less important for

determining par;icipétion. However, the rating of these

external factors is diréctly influenced by the relevance of

- v

the item for the individual partic;pant; This suggests that
the course attracted a variety of different,persons for

different peasons. This is probably a very common situation * -

-

for most courses in continuing education areas. Yet, as , .

;

3 eétablished‘by the rank ordering of the items based on
"% ,Qarﬁicipant responses, it is clear that the self-directed

leqrnin;\mdfivesﬂbasiéf%osané:@ggg? theory are predéminant.

- -

Conclusion \ . .

Earlier sections of this chapter have called attention )
3

3 - N
[4

to the concern of many engineers for'continuing education; .
courses oftg practi;al nature, The‘Merteps study ;s wgllﬂas,
épmmon expe;iepce suggest this is a strong cpncérﬁ.' HSwever,
5 this pointj:LouLd not be over emphasized. A sur&é; of . ‘ .
engineers by Morris, Sherrill, and Scriven (1978) indipaﬁéd‘
s that 4¢ per ant of the respondents would ‘establish policies

ré.a continuing education program in which.up to /

4
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50 percent of the programs‘had non- jOb related content. . This

flndlng is not suprising if one recognlzes that most
h

- enqlneer§ are curlous‘persons who haye strong and lasting

1nterests in many areas of science and technoloqy, Some

N .

dlrectly related to their work and others remotély or

.

i: ~unre&ated (Holland, 1973).
. L. ,Many enqlneers enroll 1n courses specifically de51qned
,“ to teach them knowledqe and skllls for a particular .

enqlneerlnq activity, even when that act1v1ty 1s not in the

-~
A

”, . domaln of the1r work performance. It is comon to flnd a

w1de varlety of persons from other.engineerjng and non-

engineering wocations in' courses such as "The Hydrology and .
Sedimentoloqy of Surface Mined Lands," a course designed
specifically for civil and minlnq engineers. A mecBhanical

. ) engineer from an equipment manufacturing company may attend

because of curiositypand a desire to understand more clearly

o

the problems his clients face. EVen thouqh the engineer-is !

e

not anticipating any Speciflc objective or outcome whlch
will result from his learning, he wéll fngguantly find the °
course produces beneficial resylts in the. future. The
course may help him better understand aspects of the work
of nlninq andvclvil'enqineers. It may cause him to read .
'mo;; and. add to and broaden—nis qeneraf knowledge.and -
-"apbreciation_of technology and science. Knpuledqe like

money is a very qeneraliqgﬁle currenc9. Once it has bedn

. ‘t/ .
p "V acquired there are almost always excitinq,“wqqghwhile, and

; ' - - - - .
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A .

. “often surprising,,weys to use it. Knowledge is even better — -

+

L]

than money, because it is not consumed in use. Rakher it

is strengthéned Perhaps the experlenced engineer th is

?

a curious, 11fe long learner, characterlzed by an andraqogy

L]

outlook, is more aware of this than most persons. '

-Continuing education courses in engineering need' to bi .

effered in all four categories ar éyﬁologies. The adult

- characteristics of the participants need to be recognized.

R The motives for continuing study sho‘éi be understood by ‘

, —

N ’ - ,
instructors and partioipants should be encouraged to enroll ,
in whatever types of courses' they need for whatever reasons..

‘ These different purposes oé courses and the differén; -

~
motives ‘of persons w1th1n the same course lnsure there w1ll .

»

be many different 1earn1ng outcomes for any glven course as

,. -

. welL as for different types of courses. This confounds the
bl . W 4 - . *

easy assesemeﬁt'of learning outcomes. The .intention of the .
. - / . t s .. Ve - R
course developers, ‘the intentions of the participants, and ‘

3

the aatual operation and teaching - 1eerningfhethodoloqy'oﬁ
any course all'help'deEermine wﬁet may:or may not bé learned,

K

from a course. Evaluations of courses and their |,

. efﬁectivenesg/and individual assessments of course

’
.

participants' knowledge and skill must take these factors -

» P s

. into consideration. .




\ ¢ Chapter 4

e : FORMATIVE EVALUATION AND,COURSE ’DEVE‘LOP'}‘IENT

Good continuing educatlon englneerlnq courses develop
qradually throuqh several stages. Seeking and using
appropriate information about the need for such courses,

»

,tﬁeir énesentapion azg/éffectfveneSS can lead to the
development of a course whlch teacheé partlc;pants what they
méed to know in a consistent and eff1c1ent pattern. The
qollegtlon and analysis of i&rormation about the early
operation bf courses gor the purpose of insuring a more
effective learning opération in the future is called
formative evaluatiOn. It is the process whereby initial”
course desiéﬁs to meet the needs of participants.are refined
and revised. The bu&iness of assessing learning outcomes

~~for improving a particular course requires different types

of information at differfnt stages.

iStages of Course Development

e 3

Short courses of a continuing education nature often

Ay

develop in response to e?me\particular need, of practicing
engineers. This is especialry/so when the information needed
is not available from other sources. Perﬁep§‘an example

. will help. -

Surface minlnq procedures have become very w1despread

e
1n the last few years with the empha51s,upoh the use of coal

)
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*
as a major energy source. During this same time, federal
and state controls on surface drainage ‘systems and water
quality have begqme more strict. A problem has arisen in
that much of the existing-tnowledqe for construction of
drainaqe systems and seéimentation,basins,for surface mininq

.o

operations is based on ‘theoretical models and computational
alqorithms developed-fer agricultural activities on generally
flat topography. Consequently, there are  many. serious
methodological problems involved in entrapolation of these -

agricultural methods and models to mining operations in

A

areas of great topploqieal relief. The appropriate
adjustments and modifications of models and computationalA
alqorithms, initiallv designed for flat land/aqricultural
drainage and sedimentation problems,. did ‘not exist.
Consequently, it was difficult for mining engineers working

in the coal industry to design proper temporary stream
channels and storage basins to insure compliance with Federal ?
and state water standards concerneqﬂwitn stream 1oads and |

°

erosion-deposttion standards.

\ ]
An early response to this need was research by
' aégz:::;fral engineers concerned with the proper .
modifications and elaborations of the earlier aqricultural

models to _make them more appropriate to surface mining

applications in high relief topography situations. This

ired extensive "theoretical and empirical modelinq, the

cef&ection of much existing data on rainfall characteristics,
A .

soil properties, topography, and other major variables. all

of the information firom these sources Had to be integrated
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and presented as a series of computational algorithms,

nomographs, chérts, and procedural rules by which fruitf;llyf
an? accuraﬁely to apply earlier q?deLs, such as.the ] :
Universal“Soi} Loss Equation, to_problem sitpatioﬁs Qery
different than those for which the models were developed
originally. \

This work took many'yeérs of effor; by a few university
researchers. As the,?ésearch developed, it became apparent
the new adjustments and modificatioks would be very helpful

to practicing miningeengineering operations. Consequently,

graduate courses at a university began to be éauqht in

this area. The professors involved refined_their models

and proceddres and gradually produced a set of problems
and wmotes which became a course on "Hydrology and
Sedimentology of Surface Mined Lands." The course and the

notes evolved into a textbook and an extremely popular
\ i

continuing education short course for engineers concerned

#

with constructing drainage system and sedimentation basins

for suface mining operations (Haan §&.Barfield, 1978). The

course is in demand pecadge it représent§ knowledge and
skill which is not otherwise easily ag;ginable} but which
nonéghelesg is central to broper complicénce.with sound
practice and with state and Federal laws. -The persons
seeking this knowledge and skill include state and Pederal

inspectoré.as well as many individuals from emgineering firms

who design t@e tempgrary drqinuqe and storage systems.

- - - *




continuing educatiOn courses. Such courses arise out of

This pattern is not unusual in the development of
needs of practicing engineers for sgec1f1c types of knowledqe
and Sklll The courses developed to meet these needs arec
more likely to become effective if care is taken ‘in assessing

the effectiveness of the individual, course’ in meeting these

needs as the course is developed and refined.through its

various stages.

There are a variety of procedures which Prov1de the
1nformat10n needed to 1mpreve deveioplnq courses through
formative evaluation procedures. These include small  trial
offer}nqs or pilot stpdies. These early experiences can -
provideemuch information about necessary revisions.in'course
content, pace, duration, and presentation. . Early informal .
contact with engineers, who are faced with problems in their
work settings and who appeal to unlversity or college faculty

for a551stance in speciflc areas of technical expertlse,
.
often precedes the development of a particular course or

courses, In this way, needs of practicing engineesEs are
often identified and later hhese needs may be met, in pé}t
throuqh a-formal short caurse or another continuing education

activity.

Selecting Ceurse Content . ' ,

-
One of the areas in which a pilot or trial use of a
continuing education course can provide information is

-
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the appropriateness oflthe content ;hclpded in,the course\
Content selection is always a pooblem. There is always more
content than can be included in any course. Moreover, -
continuing education courses are-typically of short duration,
often ¢onsisting of intensiwve two or three“day sessions,
workshops, or sometimes weekly sessions for an'hour.or two
over a period of several weeks. University professors often
have4a tendency to include large’ amounts of content_in ‘such
courses. Part1c1pants often seek knowledge of much more
11m1ted 1nf@rmatlon and procedures. Just how much.,, and in
what depth; .and in what breadth,'should be included in the
content of a short course is often not possible to determine
untll the ‘course has been taught a few times. ' The
impressions of the participants about how useful the cantent

' . L
is in their work setting, as well as about the scope and pace

of the course, are important, This information shauld be
t

" routinely. sought in the early stages of course development,

.

Questionnaires and interviews 6f participants before and

after the course are useful to determine what they think they
, . ;

need to know and how much they think they have learned.

+

Follow-up interviews and questionnaires to pert}éipants and
their employees after completion Gf short courses are also
important. Appendix ; conta;ns‘several actual questionnaires
used for this purpose hy the Learning butcomes Measurement

\Project. These instruments Bay serve as useful examples to

persons w1th an interest in formatlve evaluation of-similar

.

courses. ' ’ )
~-53= ,
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\ Oftentimes participant;“are §ntroducéa to metﬂods and
procedures in short courses which .can becbme very uséful td
these pérsoﬁ% when they return'to .their work setting, but .
only after much additional practlce follow1ng the short ‘
course. If the procedures and methods are seen to be useful -
by the participants, and if these persons are convinced from
course actifitiés‘that they have the basic competence to
apply and propetly use these procedureé, it is likely that
the procedures will be practicél and‘perfééted upon réturninq
to the work setting. This i; particular}y so if the short
course is designed to provide the participants with a packet
of materials and procedures. to take back to the work setting.
These matgrlals and procedures can 1ncludé‘tomputer programs,
techn1ca1 manuals, charts, tables, computat10nal algorithms,
and many more types of procedures or information whéch make :

. A ]
the solution of certain problems easiér and more technically

correct. . ) ' !

When the outcomes of a short course depend upon such
coﬁtihuing\useiuf skills and ppqcedures,'one should not
expect‘participants to Qe cdmpletély facidle with the skllls
and procedures at the end of the 3 “day,short course. 1In such .
a situation, assessments of the participants' knowledge of”
how to study further and independently use the procédures in
the work’ setting and his or her willingness to do so .are
important factors. Subsequent .information about the degree

Y . N
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to which participants ac%ually use the procedures and ideas

taught in the course in their work settings, as well .as
information about the accuracy of the applications, is also
very importan;. What one learns foom evaiuatiQns of short
courses by questionnagfes and interviews with participants
immed iately following thé course, and with participants and
théir employers some weeks after the course, is very "
importaﬁt information. ‘?t c;n be uséd to change course

content, teaching procedures, pace of instruction, and
. h-)

content organization toward déveloping a more effective

4

.

course,
\ ) 1

-Refining Course Objectives and Learning Assessment Tasks

The objectives for courses also should be subjected to
. y
ﬁ?rmative evaluation procedures. Sometimes ébjectives can

be expressed in example problems or tasks which define

‘q}éarly what it is aﬁ?kparticipant will be able to do when

/

ES

the course is completed. .This is the casé in the Haan and

Barfield (1978) course on hydrélogy a;d sedimentology.. The
example problems and the problems to be worked at the end

of each unit of the coﬁrse are very clear. stattaments of.the
type; of skills and knowledge needed to solve this class df
problems. Furthermore, the complexity of' the problems °
cumulates until thé probléﬁs in the f}nai unit incorporate e
knowledge and skills from each-of the pft:f>units. This'
approach 1is ;ery sound for it not only pr6vides the

\ -55~
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partitipant with a concise and clear objective (the problem

" itself stated in its unsolved form) but it is also the means

: ‘ -of assessing the competence of the student. The student’'s

3

‘parformance on these: tasks is useful for diagnosing what has
. . ’ ° .
or has not been learned, and what’® heeds to be done next in

instruction. This approach is widely advocated for teaching
complex technical content (Gagne, 1967; Gagne & Briggs, 1974;
Webb, 1970).

The same problems, which functionally define the

v obJectlves for the short/course by presenting the partic1pant
with problem tasks 'that he or she shauld be able to solve
after completion of the course, also define a series of
assessment tasks yhichlmay be u;ed as pre-tests prior to

the course to determine where learffers are entering in terms

[

of prior knowledge and skill. These same tasks @an also be

used as post tests after the course to determine eéxit levels
of participants' knowledge and skill. They may also be used

as embedded assessment tasks durdnéwthe actual course of

~

instruction to diagnose any particular learner s need for

’

additional instruction on any‘particdlar point. The same -
sadple problems also may be used in follow uﬁ studies .long
after course completion, to deterﬁine the degree to yhichh
course content and.methods are being appiied approﬁriately
in'the work setting. To the degree that the sample problems
in the course are represéntative of the real problems facsd
by theé practicing engineer, acthal_sémpibs of persons' wg;k

he »

»~ ’ / -56"' . $
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"in their job settings may be exam;ngd and scored on the .,

information, not only on the degrec of student learning,

usually specifics, but usually an area of general skills or

]
b <

. 4
incorporation and correct use of course concepts and methods.

This type of’assessmenﬁ of learning -oufcomes for a continuing
education ccufse is the most rigorous possible. It provides’
but a;so on the degree of course effectivshess for different
t&pes of participants with yarying levels cf prior@experience ‘
and educatdon. | ,

,Traditionai behavioral objectives are generally not

particularly useful for these important instructional

organization and learning assessment functions, unless they '

are stated in terms of classes of performance outcemes rather
than as highly specific entities or "behaviors". 'The out- >

n' . . B . ; P
comes of short courses, although narrow and focused, are not
a class of performanceg.. For example, typical outci?es

include the proper design of experiments, thé construction of

N

runoff control and storage systems, or the aSSembly of
1nforlttion and dec1s10n making dev1ces from micro—process1ng S
electyonic components and the interfacing of these with

industrial machine systems. 1In each case it is not a

.- .

particula: set of spec1f1c behaviors which are the intended

ouucomes of instructlon, but rather a class of generallzable
performances. No two experln-nts are identical, nor are any
two,drainagc and-runoff systems, or any two industrial

productién control systems. The desired outcome in each

-
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a set of Xasic but generalizable skills. Having

L4

learned such a set A&f generalizable skflls, the course,
participants should b ble to[better/design any experiment
in a wide range of situations; ign better runoff drainage

and storage systems across a wide variety of soil, topo-

graphy, and climatic cenditions; and use micro-processing

]

equipment to cantrol a wide .range of machinery used in many
. - ‘

different. industrial production pperations. ®
The best route to this outcome is to insure an adequate
sample of different.types of problems in which to train

participants to a criterion of mastery in the performance, with

.Special attention to inclusion of a sufficient range of
. .
problem canditions so as to alert the participants to the

typical adjustments'whiéﬁ must be made in theory, assumptions,
x

alqorithms,’or methodology. There is much sypport for this

rep

)

approach to instruction (Blopﬁ, 1976; Carroll, 1963;

Gagne, 1967; Gagne & Briggs, 1974; Manning, 1970).
1 . -
There are alwayy some minimum number of experiences

‘which the participant needs to encounter across some raﬁbe

of variabi; problem siiﬁatiqﬁs if the skills are to be
learned in £h1§ genéraligable fashion.
. F ative evaluation of proqrams'and courses can help
Q dﬂterm ‘ this eptimal array of ﬁ;oblem situations. It

should a¥so be moted that the tasks used foi'tegtinq know-

] . ? .
. ledge and skill of participants should be similar to the
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" that the test tasks-are not the same problems as presented

{

‘tasks and probiems from the actual domain under study. These Lot
test tasks ought to be no different from the,tasfs used fqr
instruction, except‘that they have been reserved for tes£ing .
and they contain new problem sieuations not'previousl§

encountered in this specific oonfiguration. It is. important

7

*in practiqe and demonstrations in the,course of instruction.

The real problems the engineer faces in his or her work

setting will be similar to but not identical to the probiems

selected as instructional dctivities. By having similar,

. but different test prbblem tasks, the course participant's "'f

ability to abstract and genéralize the general prdnciples
. Y-\
and procedures preéented in course,learning activities to

oéher'problem situatioﬁs, not before encountered, can be

3

assessedt This produces a better estimate than woulé

otherwise beiobtained about howleell the engineer is able 4o
tfansfer materia{ learned -in the course to real world '
problem sitpations:

" Test tasks frequently need to be abbrev1ated, w1th - -
part of the problem being worked out, or the problem belnq
described and'alternatlve appreaches beinq presented, the
course participant havéng to choese the most appropriate
aﬁproach undef the conditions stated. Such items ean tesé
for hiqh levels of c0mprehe181on and skill but not require

as much tlme as would worklng out an entire real problem.

More will be said about the construction of this type of

‘. . ~59- / . i
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test tasks in latter chapters.. (An example of this type of’

abbreviated test tasks desiqqéd for an actual continuing

IS

education course in hyaroioqy and sedimentology of surface

'mined lands is found in Appendix B). Of course, what-is
. t ]

lost with an abbreviated test task is a certain degree of

validity and thoroughness in ‘the assessment. Theré is no

+

substitute for assessment based on actual evaluatipn of . ‘

’ -

real work performance but there are good approximations’
which can be done mdre easily and more efficiently, and .

which will indicate the presence or absende of minimal '

comprehension, skill, and ability to solve typical problems -

.

encountered in ‘the work seétting.

.

Measuring Only That Which is Appropriate -
It is important to note ‘that one does not need' to .-

. gontinue to;gpllegf all of the'idformatiQn one can about a
course afté:;ghét course is reasonably well developed and
shown by its formative evaluation to be shaped in the
directdon in which it operates most beneficially for o
pafticipants, ?or.e ample, in the early stages of\deve&op@ngl
a course, questions :)ncernéd.wiéh the appropriate '
organizatﬁop and pacing of conten&, the utirity_éf the course .
m%terial'for practitioners, and the correct emphasis and

amount of content are all of primary interest, After s veral

«\%plications of a course and the collection éﬁ_;hss . S

]

\ 'information throuqh the routine procedures described earlier,

-~

~60-

2 ) . ¢

Y




S

the course may be thoroughly developed and functlon well

-~

If this is the case, there'remains only a need to assess the’ '

learning outcomes of individual Participants on a regular

basis for purposes of- reportlng to them and the1r employeds

the progress of 1nd1v1duals There is no need to do the

”

exten51ve assessment of how appropriate the course objectives
and content are, or how effectively the course is operated

and presented, Rather, ovar many rep11catlons of the course,
Fe
r— g

these»other questions can be asked and wered through
appropriate, observation and data collegf/i

ion procedures.en an-

Y

.Occasional basis. \ -
\ .

One of the ‘most effective means to mon1tor the quallty

and effectiveness of a well developed course over many
rep11catlons is the method of "Jté$ Sampllng" (Lord &

Novick, 1968; Shoemaker, 1973). Under this method the many

-

questions and test items wh1ch are useful to evaluat1ng

-

course .effectiveness are broken up into small sets. Course
. -7 =

pParticpants are randomly selected to respond. to one small'

-

set of queStions or test tasks.. Over replications of a

-

cousse, much information may be gathered about all aspects
/

of the course with minimal demands upon the Pparticipants
time and energy.

-~

The same prdnc1p1es apply tQ}lnstructors of short

courses. Once a given instructor or 1n/tructlonal team has

successfullz,demonstrated_that—the coursé“is“

//
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effective manner, instructor performance need not be

monitored very carefully during_each'subsequent replication.

¢

Some form of routine and brief participant evaluation of the

instructor (s) should be continued to insure that participants
- ' - <

have the opportunity to communicate suggestions and criticisms

te instructors and to maintain instructor awdreness and B
sensitivity to student-needs. If a wide variety-of

information about the instructorst is desired, a very long

instructgr evaluation form can be broken up into 3 to 5

’
-

 shorter evaluation forms. These multiple forms would each

.

.» contain different items. Course participants would be

. randomly assigned one of the fo;?;;N\gver‘replications'of

the course a grea%'deEl of information about participants'’
. judgmenéfof the instructor(s) ean be gathered, again, with)

. minimal expenditure of .time and energy. In fact, item
sampling ﬁrocedures usually yield more informatiop than

.traditional.prccedures where all students complete all items.

- i ’ * . - ] %
This is because the number of items included in item sampling

¢

L assessment measures can be much greater in total than is

possible in tradltlonal a;;essment procedures. This means

;hat a broader range of the domain of interest may ba agsessed.
' Of course, frem sampllng does, not work well unless there:

are many stude;:; 1nvolved Many'replicatlons of the same

.

course prov1de adequate numbers of students. ‘4here is a

secoqd limitation. Iteq sampiing procedures are very use}ul

’

fot making judgments about course effectlveness and the

.

L] 4o
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skill of instructors. However, since not all students are

tested upon or asked to complete the same questlons, S

inferences about individual student s learning dchievement

v

and attitudes toward the course are not possible. Foi/éhis
reason iteém sampling procedures are tueful for evaluation .
and monitoring courses and their effectiveness. They are

>

not useful for making assessments of individual learners'

,achievement.@ Therefore, it is usually wise to retdin some

form of common but aboreriated test tasks whicn are
adminigtered to all paq;icipants, usually in the -form of a
test. Later chapters dealiwith the profedures appropriate
to developing and using tests and other assessment procedures’
for the purpose of measuring and estimating the degree of
individual ' student achievement. . - |
Thes€ Same principles apply to the collection of

information about course participants.. Initialiy it is of

great importance to know much about the partioipants who are

\ . ) . .
-likely to be involved in a particular.phort course in the

future, “The best Qay to do-this is to monitor present

- enrollments on ‘the variables of interest. Important variables

concern the diversity of paré&cipants' expectations, prior‘

levels of skill and knowledge in the prerequisite skills and

\
content for the course, and participants' occupational history
and present level and area of professional actiwity in ' }

. . \
engineering. 1If the participants in a given course‘;re

extremely diverse with respect to necessary 1kvels of

v

\

-~
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prezequlslte skill and xnowledgc, the coursc will be very
dlfflcult or even impossible to teach in an effeitlve manner.
If a course is geared’ at too low a level or too high, if it
is\paced too fast or too slow for-‘a large number of

participants,‘it‘will encounter'difficulty. Thus, early

.attempts to learn much about the specific characterlstlcs of

i

the population qf enrollee¥ for a course are important.
. /

..Once the.characteristics of the populatimn whdich is to

be served™are known, adjustments can be made in the content

* and pace of course. offerings. Sometimes it is -necessary to

meet diverse needs of participants by planning and cffefinq

more than one course, some-at a very technieal and advanced

.

level and others at a more basic leyelx Adein, data collected, -

routfnely in the early replication of a continuing educatiaon °
. . X
course, which initially provided information needed in the

~
’ ’

formative evaluation of the course, mag hot need to be

routlnely collected after the course is well establlshe? and

-has a stable population of enrolleos w1th slmilar

charatteristics. The goal should always l@ to collect‘pnly

that 1nformat10n which is necessary tojmake adgustments Whlch
1

are needed. Testing and other assessment procedures, such

as‘interiiews, questionnaires,,'and ‘evaluation of on-the-job

work performance, are costly and £ime consumlnq. After a

course has been wedl developed it .is reasonable to sample
replications -of courses and participants within courses on'

4

specific questicns to achieve godalinfofmatidh about the

«
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ongoing quality of the course and its outcomes. xime is
always limited and most of the time avallable for'short
coUrses needs to be devoted to instruction.

This is not to say that testing or assessment of
participants' knowledqe\andiskill¢in the area of course -
content .should not continue as_courses are developed.
Continual use of. pre-tests, test tasks embedded in the
learn1ng act1v1t1es of the course 1tself and-post tests
‘can be very 1mportant 1nstruo£10nal methods. Proper usgﬁ
of these methods,can be very helpful to participantsg and
instructors in produc1nq better learnlnq outcomes. However,
if such testlnq is to contlnue, 1ts purposes ouqht to be
d1rectly related to 1nstnuctxon by lettlng leggpers and
1nstructors\know the entry level knowledqe and skill of -
particular learners, the types of practlce and ass1stance

~

most ‘needed by particular learners to master certaln areas

-
f \

of the ‘course, and to report to the learners and the1r

employers the amount of»learnlnq which has occurred after

- Ny . - ’ ~.
the course on 'certain s§éc1f1ed,oétcomes.

oPackaging and Dellvery Conslderatlons ]

n

-

There are many ways'to packaqe-and dellver short -courses.

Some of these 1nclude on s1te tralnlnq’by an experlenced
professlonal, the use of spec1ally desiqned textbooks, work-
books’ proqrammed learnlgg manuals, and,other prlnted

materlals, the use of demonstratlons, fllms, audio and
. 2 : . v




video presentations, -offen with ancillary printed materials
and homework exercises,nlaboratory demonstrations and
act1v1t1es’(such as the assembly of components designed to
perform in a certain way after f1rst rece1v1ng lecture and
_1nd1v1dual instruction in the basic principles of the, ‘
components and the uses to.which they may be\put), and
working of sampie and demonstration pProblems in’groups or
1nd1v1dually with- the.as51stance of 1nstructors and other.
experts. - ' - :

The packaging and delivery of a course depends on a
number of factors including the nature of the -material to
be taught the geographic distribution of the participants; .
the “nheed for specialized equipment such ag computers or

laboratory equipment the complexity of the~material to be

'learned the level of prior knowéedge and Sklll required of
\the participant; the availability of quality 1nstructors

and - the expected duration or "life span" for the course.'
Some things cannot be learned fromfbooks or manuals

Some particular types of courses need to be taught as

superv1sed,experiences mach the way Surgeons are taaght the

finer points of various procedures. Other iﬁformation can

be readily taught through lectu&e accompanied by appropriate
S

charts, graphs, and illustrations and foldowed by practice
‘exercises. Still other skills for other courses can best
be taught‘bg individual study of printed materials and the
working of rather traditxonal format problems presented at

the end of. sections of reading,
14 .
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If the potential participants for a particular short
course are widely dispersed throughout different companies
1 Y R

r\\35> over a wide geographic region, it is likely that a short
course conducted at a national or regional,professional

oPnference or a special reqional conference og a few days

-

duration will be most appropriate. In'such cases, questions

of the location and adequacy of facilities and the dates and

times of the conference act1v1t1es are important varlables

¥

which need to be considered. Not all times, locations, and

v

-t

-

N N N e . ‘ N N
facilities may meet the needs of.-the participants. Conversely, '

if there is a large local pop ation of engineers needing a

partlcular area of tra1n1 and all of thesé individuals are

-located primarily withifi a few nearpg companies or consulting

firms, locgl conferénces or even extended programs meetlng

)

\ . weekly*for a iod of g few weeks are viable options.

3

. It is often more cost effective to package a course so

R

that it.can ke mailed out and used _locally by any of a
number of~organlzatlons and groups wilth angiof a large
number of - in-tructorl, once a\couru is carefilly developed

and found ta be effective. A common method isg to package

_the program of‘qtudy in the form of mail-out video cassette ) v

* - lectures and demonstrations coupled with the” appropriate '

ancillar§ printed mater{als, qprkbook and problem materlals.

The inltial cost of preparlng the course in th1s form _may

,be higg;. ﬂﬂweery the advantage is easy replicability at
many“aites.' If a course has to depend upon onegperson or .

\\

' . -
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Qery cost effective way insurinq wide replicabifity is the
"Design of Experiments"t\ This course was developed by'
Pr, John Van Horn of the Westinghouse Corporation. and is
‘taught by Professor J. Stuart Hunter (Box, Hunter &'Hunter,-
- 1978).3 This course is very popular, since it deals with
functional ‘skills of enperimental design, ,a topic central to
the work of many practicing engineers. The potential :
. audience for the course includes engineers and other
N technical staff in manyvindustrial firms scattered through-
out tﬁe-country. Tﬂe.paékaqinq.of'the program in videoL

cassette lectures and demanstrations .coupled w1th printed

o

’terials for indiv1dua1 participant study is a hithy -
e : replicable format. Groups of enqineers at any location.
may convene, have the video cassette mailed out to a central
person, engage in tﬁdividual study of the materials and
) working of the problems provided "and jointly participate
in watchinq and discussing the lectures and demonstrations
on the video taped programs. ’ o .
Before a course is this fully deveioped and packaged it . ~L

should have been well evaluated and modified _§0 be very
~ . > \ . . i . \‘. .
3The course is owned and:+distributed by ghé>0ffice°of

Continuing Education and Extension, College of Enqineerinq,
'University of’Kentucky, Lexington,  KY 40506 .. ' aom

) »
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‘ effective as détermined from thgs early formative, evaluation
‘activity. Moreover, this much effort and msney should not
be expendgd oh a course unless it is a course which is likely
to continﬁe to be needed by large numbers of particibants
into the future. It is also im;ortant to recall a point made
eariier._ After a course such as the.“Degiqn of Experiments"
is carefnlly developed, evaluated, and found to.be effective,

there is 1itt;e need to continue the same iétense level of

. N . Do s t ' ‘
evaluation activity. Rather, it is appropriate to sample

some particular instances of the course and some participants

to determine if thé course continues to meet the needs of

Ly

participants and toﬁpbtain.information on possible revisions

for future versions. évaluation of individual participants' .
learning is still appropriate as a continuous aspect of .

the course in order to communicate to ‘the learner and. employer
- . » . i -

[y

"an estimate of the degree of -initial ¥eéarning resulting from

A

participation in the course. . ' ~ -

v

-

Selection of Instructors *~ o

¢

Part of thé packaging consideration concerns selection
of an instructor (s) for the teaching of the course.
Certainly technical expertise'and competence in the content

3 . .
area of the course are basic criteria. However, these are

not sufficient. The most appropriate ins£i:::jj§?aY|hOt

necessarily be the most expert universipy B espor, but
\ .
)

-
.
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some other skllled practltloner. It is not that universitwv

’

professors should be ruled out as appropriate instructors.

A great reservoir of talent resldes in such persons. Ratther,
it is cnuc1al to select from among those proftssors the
lnalv1duals willing to Place the needs of the part1c1pants
f1rst rather than the gbjectlves of the instructor. 7Tt ig
1mportant to select 'those professors responsive to the needs
.of part1c1pants rather than those bent on achieving thelr
-own dearly held objeétives regardless of part1c1pants needs

.

or concerns \
K

2 In practice it often turns out that <what practicing

.
v “

Professionals need to perform better is something other than
/ what the1r Professional societies and leading academics
think they need. ‘It is also often the case that the “

Practitioner needs a broadened understand1nq of theory and

-~

pr1nc1plés in order to" perform his or her work more w1sﬁly

\ »*

and effrc1ently "In §uch 51tuat&ons it is the ]Ob of the ° .2
. shopt course 1nstructor to 1ncorporate thlS theory and
increased understandlng by carefui setection of examples
~w

and 1llustratlons wh1ch clearly demonstrate-how a knowledge

of the broader theory and relatlonshlps makes 1t ea31er‘§p<

°

. solve the problems of practlce in a more sound -and integrated

[}

way. Sometlmes this can be done with anecdotes of stup1d

dangerous’, or un1formed practlce on the part of a person wyho

B

Sees only a very little of the problem area for lack of a , .

broad\enough grounding in relevant theory and concepts.
-~ ' ' } ‘. "‘70‘! . v .‘, ’ . ‘ '
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'oareful to rinse all g;assware threé times with distiifed

“These anecd S can sometimes help participants understand

the 1mportance of theory to practice.

One example from another technical field is the medical

<

laboratory techn1c1an who called the repatrman for the flame

-

photometer ‘each week because the sodium readings on blood
serum samples and known calibration samples were highly

erratic. After a period of six weeks, during which the
: : P

-

equipment had been condemned as faulty, the technician jin ' - %

I3

preparing ‘to wash glassware was observed energetically

[ ] /
near the photometer. Soap dust was everywhere making .

shaking large amounts of soap powder into water in a sink /’T\§>

everyone sneeze, gsettling on the funnel in the flame photo—\

. . . . . . V.
meter, and being aspirated—W1th‘the next sample, resulting in

a very high sodium reading. The techn1c1an apparently thought‘

sodium was something peculiar to human blood serum’ and

fluids, and madeono connection ‘betwéen the soap powder and,

the high readings. Yet the same techn1c1an—was extremsly
water ta insure no contiﬁinagion of equipment. There must be /
many good . examples-of too narr®. an understanding of
Cngineering principles whiCh lead to inappropriate practice.

Instructors of gourses -for- graduatd engineers ought to be

‘able to provide many similar examples and convincing arguments ’

that oftentimes the best route to better practice is a more
- , ‘ .
solid ‘understanding of theory and major concepts.
~ _ ’ \ - ’ '
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. machining ‘Processes may rqquire special eqpipment and

-

Spe Cialized Equipment and Fac111t1es‘ Impllcations for

- = - ——— s e

Gourse Delivery and Learning Assessment’

Still another consideration in the packaging of
continuing education courses is the aged for spekialized
equipment and facilities. For example, a short course ‘on
the°latest developments in microprocessing equippent and

s

the use of that equipment in the control offindustrial

fac1lit1es. First Heath kits or. some similar self-

1nstructional packet of equgpment may be useful agiiggen

necessary as anc1nstructional-act1v1ty w1th1n a laboratory
. .-
setting.. Second the availability of a central computer

facility with the capabality of simulation of 1ndustrial

systems control processes may be necessary in brder that

\ »

participants may test and revise the logic of the programs

4 A

they prepare for their control units. Third, an actual _
X AN

field trip or demonstration of a nuﬁber of current -
applications of microprocessor control systems to industrial

production pProcess may be desirable.

e - . g

AP A N

— On the other hand, if one is teachinq a course on general
principles of engineering economics, the only facilities and '
specialized meterials needed may be a text book, a set of
progrgmmed instruction work sheets and problems, and some .
common lectures for participants. The lectures can be: '

presented live, filmed, or on video tape. They can be

dissemiffated by mail, eatephone lrpes,»or communication - ¢

»
- . . . L4
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satellite, as was the case in‘a reeent project in‘the

Appalachian region (Mertens, 1979). ",
In short, the need for specialized equipment and - s
personnel as well as the complex1ty of the material dictate
much about the- packaging of the course, includinq such
things as the mode of instruc ion, laboratory, lecture,-

~

workbook, fieldtrip, and combi ationséof these; appropriate
types of indtnucttors, university, professors, practicing T
enQineers, or othér specialists; locatig;:ézjﬁhe course near

central faCilities ‘or dispersal of the course.throughont-.*—ﬂ

a wide qeoqraphic reQion by use of printed materials, filns,

instructional kits, and other. media; and the number of C .

bl ~

replications anticipated for the course in the future.

-

The evaluation of learning outcomes for different types

of cdurse "delivery and packaQing are also different in a

number: of ways. If One is offering a course on the assembly
: - >

and use-of microprocessors it is foolish to test only With
a -
a paper and pencil test. Much more appropriate and uéeful

in diagnosis of the learninq outcomes:isoeome form of - «_'

Vo

practical laboratory test%~usually shortened ‘and_ abbreViated .

3 o

~ in scope, but nevertheless sufficient in asseséﬁnq ‘basic -

skills and knowledge in a perﬁormance area. Yet in a course,-'m

¥

on "law and engineering" a pencil and paper test consistinq )

af multiple choice itqms which require the participant .to
make Judqments about the leqality of certain engineerinq .

procedures in industrial manufécturinq in specific aases
)
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presented in indiv1dual 1tems, 1s a perfectly‘Valid approach

-

- and mgy provide the means to assess a much w1der range of

—

knuwledge and skili' than would a more performance or1ented

’ \ practical examination ) 3 . . B

‘e e
Practitioners' Tacit Evaluation of Courses
- &

The most conv1nc1ng data on the degree of 1nd1v1dual

“

participant learning is improved performance in job act1v1t1es

€

It matters very little whether or not the engineer's improved

-

- workepepfogmance resultinq from the ‘course is actually

N

/formally measured as’ long as employens and their employees
who have completed the tralnlng observe that improved

performance results. As- mentioned earller, it is often .such

e
i 0

1nformal “tacit evalua;ion of the effects of cont1nu1ng

—~

educatlon courses which is the most functional type of
(/T evaluation. If past part1c1pants and their employers see
eV1dence of the utllity of a course in’ 1mprov1ng skill and

N pefformance of practicing, engineers, the word gets arofind

and the course becomes heavily'subscribed in the future. If

this utility is not perceived, no matter how bproper"'the

.

formnl evaluation of the course and: zts-effectiveness, the ;

-

. coursa wiill not be heav11y subscribed
- ’ ( *
S .‘(/ -7 The point is that in the development of such

s .

Y
oourses, the tacit. evaiuations of participants and employers

.concerning the utility of the course ought to be sought and

‘attended to. One can argue that thiSM#LiuLQLLEEEE_tO ' oy

- ' ST =14 o
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please" the clientu a tactic which some academic professors of -~ |
specialized engineerinq sciences 8o not approvec_ However,\

it must be remembered that the companies and individuals

PR

who enrdll'in continuing eduﬁation‘courses in engineering do,
'S0 only hy virtue of takinq time off from work, at‘corporate
and per%ggal cost in terms of dollars, time, and energy> and
in the pursuit of meetinq particular types of needs related ‘: . <
to improved work performance. Thenefore; what the individual

participant and his employer want,” and especially what°thev

think to be' the value of - ‘a particular continuing education 15&%!’

course, are the major criteria for course effectiveness. ° . .

-4 ~ ¥ ° N . . ' \ @
. . _ ) . )

Conclusion -, ~ PR IR

All of the'p:eviou material should make tt'clear that ’

one does not”imply evalujpte the.learning outcomes for ’

>

participa for any continuing educatdon course.h One must @

‘also_attend, ) and carefully evaluate the'character&stics- . ;2r
. . [ T ‘ . .

and efgectiveness of theﬂcourEes which are-developed to
meet'the needs of practicing'engineers, The functional S 2
learning outcomes of any course depend not only,on the . 1

learner, but to a large degree, upon the‘structure and

orqanization of the courséf Careful formatiﬁe evaluation oo -
. activities, like those 5iscribed ¥ this. chapter, help vfﬁ °;”."

insure that a coirse will eventually“be well developpd and . 71§ﬁ%.\
' result in significant learning by individual participants. . E ¢

§
Without this early formative evaluation and subsequent course

!

' ~, ~ -
. . ‘e s 4 e - . o
< { R N -
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rev1s10n, it is doubtful that even efahorate attentlon to thL

‘developmen* of "tests" of part1c1pant learnlng resultlng

o e . . . s

frOm the course w111 be meanlanul When any population .of

R studentseseeks out instruction to_meet their own perceived

°

. needs in specifi¢ areas related to the1r work and at

e

> . personal cost to themselves, the major crlterlon by whlch the

1} § 4 X

Y

lnstructlonal experiences will be evaluated is the peréelved '

-
utility of the course to the work performance. The : \//

s -

berceptions of part1c1pants and employers on this matter of ,

perceived utility are paramount. Proper attention to . ~

>

formatxve evaluation procedures in the development and
packaglng of continuing education courses can make 1t very

llkely that _particular courses WLLl lndeed, result in:

.
e

improved practlce in some job related area. : '
:' After all of this is accomplished, it is appropriate to

[} . v . .
'attend‘to thexggrméi and routine evaluation of the learning-

%

outcome& of individual part1c1pants who have enrolled 1n and

completed‘%artlcular short courses and other contlnulng

K [
% L4 .

. o edqcatlon experiénces. R s
‘ .
R ' | The next section &f this documenp deals with the -
- . . 14 -
s .o development and use of summative evaluation procedures, the L

e ) i

means by which the pnog;ess'of individual learners are

reported to them and their émployers, and also the means by
“

‘which the general effectiveness of particular’ courses‘and .

programs are reported to professional societies; govertriing,

e s -

académic, and standards boards, and_ others hav1ng a strong

. -

.lnterest in the quality of individual coprses in the

> . -

. J
continuing engineering education arena.
5 ;
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Chapter 5 ;

-

. \ .
SUMMATIVE EVALUATION OF LEARNING OUTCOMES '

Earlier portions of this book Have arqued ‘that the
jlearning assessment procedures should. be tiqhtly'integrated
inte the development and ongoing operation of tne course.
This is because the best taske.for assessing 1earninq o
outcomes of students, belonq to thessame universe of tasks
from which instructional activities and performance
Objectives are sampled. That is, even iflit is clear in
enera1 what is to be taught in some comp}e; performance -
.area, one»stlll aIWays must sample some . flnlte number ofa
spec1flc top1cs to be studied, 1earn1nq act1v1t1es to be f
performed' and sets of 1nstruct10nalamaterlals and -
- 3 . .

methodoloqies,to be used.g When'one‘dOES this sampling, one -

A

trys to select .an’ adequate range tn toplcs, materials, and

act1v1t1es to 1nSure that the learners can generalize the
knowledge and sklll»they gain from the 1nstructional g
exper1ence.;*It is not possibple to teach all instances and

.

- appllcatlons of.any particular knowledge and ski1l which
may be the intended oytcomes. It ie only possible, to
sample examples wisely, and to provide the student with an
appropr1ate breadth and depth of how the knowledge and skill
may be usefully applied . If this sampllnq 18 done well it

is 11ke1y that, hav1nq completed a course of 1nstnuct10n,

]
«

. +« learners will transfer Oor generalize the knowledqe and skills

° i : -77-’
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acqu1red throuqn exposure to a finite’ number of carefully
selected learning, experlences, to. many other\sltuatlons ‘l N
related to’ their work;actdyity and joB performance. o R
| Because of the complexity of de&eloping courses it is

best to refine early instructicnal organizations given v, O
. ) X .

information about the effects of the courses on learning -

- . . Y f

‘outcomes of course’participants Thzs formatlve evaluatlon
L 4

~is an ongolnq process essentlal in the earlv stages of | A '

- . B z

'course develqpmentr but 1t remaiﬁs meortant throughout the‘

. \ f o ..Q ?\ . ) ’ "
~'lifet1me of aspartléular course offering;: o L
LW " - N . e .. " e e, e <| . . ‘
c§ “ . - o - . Y ": * R 't L - .,' i!? P R -~ ) “" .
> ' . . * \ i : ’ . R ) 7. ! <N
y Need.forLSummatmve Evaluatxdﬁ . . g

. '

¢

f: There 1s, however, a second ma]or purpOse for evaluatlon.

R "'

. There comes a p01nt when a: partlcular 1nd1v1dual who has

part1c1pated‘1h a course wants'to know how much and how well ~‘.-

ne orfshe hasllearned: Embloyers who send englneers to o

part1c1pate in, contlnulng education .courses also want‘to
LY ” ,,

' know, | ‘in spec;flc terms, if"their employees have learning -

N T .

anything and if so, hOW‘mUCP In addition, course

K}
”»

x 1nstructors are frequently asked to certlfy that students '

+ -

-have aoqulred a. set of skills, or performance capabilltles.
They too need 1nformatlon about the degree ,to which
- individuals havée learned thka material and skills taught ‘in

: partlculan courses (Enell, 1980, pPp. 186-187).

.

No matter how well the formatlve evaluatfon act1v1t1es

-

' ’
are carrled out in the development of -a course, and no

matter how’ generally .effective a course is shown to be in

.

’ . - . ‘78-.' ) - e




' s ﬁmﬁ$erms of its overall effcctiveness (summative evaluation),
% /thergwﬁgmains a need to know somethinqg abOut the degree o~
each 1nd1v1dual‘s learning follow1ng c0mpletion of a’

course. Therefore, it is necessary to assess ind1v1dual .

N °

learners' achievements in any course in order that learnels

themselves, or others designated by the learnens, can be ) -

.o

prov1ded with spec1fic information about how well’ the. éourst R
- g v v . N
_* : . operated for® indiVidual persons. In short, persons whq o o—
e o o

: e

attend cdurses, theireemployers, and perhaps the préfess10nal Y,

LR LN - ; -

socjieties to which the,ind1v1duals belong, oftén want -

informatibn about the amount’ of learning which has resulted

'\ LI -
- L]

-for partiCip%éﬁs in a continuing education coutse. . N

The common way , to-obtain such &nformation is through
’ ' variouseforms of testing. Alternative performance
. assessment methods also ex1st The’information gathered
R .
from such procedures- is never exact. in terms7of reporting .

the degree of learning of participants. As arqued earlier
such measures of learning outcomes are ohly estimates. :

However, if tests and other performance assessments .

*

procedures dre’ properly des1gned and'administered they’ can )

provide good estMmates of the degree of 1hdiv1dual learning

“ on’ spéc1fic areas okanowledge acquisition and skill

.

. developmeht. Furthermore, 1nformation 6f this type,
/. 2,
collected and pooled across all 1nd1v1 uals enrolled in a -

course, can be used to make statements e general

effectiveness- of.the course in achieving.its-intended"

. N
. « -79- 1, , ' g ’ i . -
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1earn1nq outcomes with spec1f1c groups Of enrollees in

3
L

specific areas ‘of sklll or knowledge. When used in thls.

manner the evaluation is called "summative" because the

description of the course effectiveness‘summarizes its

overall 1mpact on learning outcomes of pagtlclpants .

3

Herver, the 1nfqrmat10n of a summative evaluation can also

/- /

<be used in a formative way. Aspects“of the course may be

-

Differences Between Summative and Formative Evaluation

s,

modified in future replications, given data on present

-

° -

e, F— - N c

effectiveness. Wheh used this way the process is called °

"formatlve" evaluatlon because the futuré characteristics -
o )

of the course are shaped on the bas1s of data about presen't

v . ! '

effectiveness. . . s

.
-
o . Dl

Summative and formative evaluation procedures differ

primarily in\how and for what purposes the information

*

. obtained from assessment act1v1t1es is used Pormatlve

»

evaluatlon has as its central concern the adaptatlon and
mod;flcatlon of early and on901nq instructional design and

actual operation of a course toward improving course .

effectiveness. Summatlve .evaluation has as its main focus

[N

the reportlng of the success of 1nd1V1dual course enrollees

v -

in, achlev1nq spec;flc knowledge and skfll at some p01nt in -

-

time after: the completlon Qf _.a course.‘ Summatlve evaluation

1s also concerned with - ‘reporting the typical level at whlch

- ~ o

ta course achleves its intended 1earn£ng odtcomes for 1ts

AR

enrollees at some given point in time following 1nstructlon.
]

« . - -
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‘Four Geperal Learning Assessment Procedures

) - - . v
The next four chapters' or Part II of this book, detdil*

different types of testing'proéeéures‘useful fbg;assessing

. et . & tg ' v . -
learning outcomés. * The testing procedures presented ‘are -

P -

used for both formative and ;summative evaluation pprpdses.

Therefore, the précedures aré Eresented in relation to the:

assegsment of the degree of individual- student learning

.

apd also as a means to°gstimaté the general effectiveness of

-y 4

;a particular’course in achieving its intended outcomes with

" tests administered- prior to instrqction;;embeddedAtests,

-

‘Developing Sound Learning Assessment Procedures

’

©

3
T

a particular group of enrollees. . ' ’ -

J

The. four. testing proceaures presented‘include pre-tests, .
’ S . . ’

3

L‘ \d

tests included in the course of instrﬁctional activitiéé;

post Eests, test administered follo&ing instruction; and

delayed post tests and other pé}formance.assessments, ,” ¢

’

administered long after instruction when the individual has

, . »
had time to actually -apply and use in his or her work activity

[y

the knowledge and skill,encountered-in the nourée;- Other

learning assessment procedures, “in addition to testing, are
‘ ' / '
also presented."Different types of tests and their multiple

‘

purposes and uses are albo “di Cussed in this major section
of the text. C

4

%}

3

. ° . . ) .
Part III of the text consists of three chapters , -

concerned “with alternative methods for developing ‘effective

- -

L)
. . )
. “
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tes;ing procedures for measuring learning outcomés. Chapter _

A" ’

10° explalns in deta11 how to develop and use tests and other

. . - .

perfdrmance assessment procedures 1n the process of formatlve .

s

evaluatlon of courses. The prqcedures presented offer'a means

to. develop goopd courses and good learn1nq assessment -

’ N ’

procedures through an- integrated pracess of developlng

-instrqptlonaI objectlves, content, and methods along with

® -

" the learnlng assessment. tasks. The main purpose is to de51gn‘

valid learnlnq assessment procedures whlch will properly

P ’

.serve formative and sumuative. evaluatlon procedures.

~

A
Chapter 11 describes procedures for condquxng test

o

item analys1s and teét rellabllity studles to insure hlgh
. quality 1earninq assessment instruments. Dupllcate

procedures are provided for two common’ approaches to the

evaluatlon~of learnlng autcomes from 1nstructlon. _These are .

the norm zeferenceq and the'criterion referenced (or masterp
. learning) approaches. The latter approach is the one
‘ recommended for contlnuing educatlon coursés for engineers
for a variety of logical reasons which are presented .
Chater %2 details limitations. af tests, no matter how
well they are designed. .The purpose of this chapter, afong
with other_sections‘fn the remaining chapters; ishto prevent
Jﬁ/the abuse or misuse of testing in the assessment'of

individual's learning and in the formative and summative

evaluation of leirning outcomes for courses and programs.

> 4
™

p
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( ]
’ Chapter 13 is Part IV of the text.. It details how to ) -

- collect,; integrate, and-report data gathéred’from multiple

. -

e measurements of .learning outcomes for purposes of formative
@ -~

¢ . 'and summative evaluation of courses as well as for reportina
the degree of learning qf individual students. . -
13 " ¢ ® .

Collectively these remaining chapters provide detailed
procedures and examples for developing sound learning

assessment procedures for whatever purpose, be it formative
evaluation toward course improvement, summative evaluation

to describe overall course operation and degree of

. Ce L4 .

effectiveness, or reporting of individual learner achievement

. M
.

o to course participants and persons they designate.
. R ~ w " )

¢

) ~ ’, ' 4
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. Chapter 6 ~ s
PRE-TESTS, THEJR PURPOSES AND USES- . .

Ay

Pre-tests have three basib uses."First,,they hay_be‘

) used to inform prospective enrmollees of the content of the

4

'course and the necessary level of prerequisite knowledge and

L]

« .
sk111 required for successful completlon of course activities.

.Second, they can prov1de course developers with 1nformat10n

about the general entry level knowledge and SklllS of
enrollees, ihformation useful in maklng subsequent
ad]ustments in course content, rate of presentation, and

;

emphasis. A third function is to provide baseline information

“for each learner fram which to make inferences about the amount

of learning of individuals and groups through subsequent

<
t

°comparlson with the results of performance measures and .tests

admlnistered during or following the course. Each of these

three functions of pre-tests will now be examined.

Pre-tests as Informatiwe and Bcreening Devices

Pre-~tests can be used in ‘a screening fashion to insure

that persons who enroll for a course meet the necessary,

prerequisite leyel of kneowledge and skill. For particular

-

o

-~

courses, short pre-~tests can be mailedgout along with course
announcements tosallow prospective enrollees to make their

own private assessment of their readiness for a Rarticular

-

course and to decide what tq_do to prepare-for a course to
8
‘ -84~




. S
IR , -~ -

I .insuze‘readiness for its learning activities. .Other methods

<. of informing. learners of the prerequisite leuels of_knowledge.'

!

and skill al’so ‘can be used‘ These include a simple statement
. - < - A "t
of what types and levels ‘of knowledqe are required, or a =
. ; . ;
listing of particular prerequisite courses or experiences

< " which. should have been completed The listinq,of
Wi . M \‘ e
'orerequisites is a common practlce in engineerinq continuinq .
.'_ (

education . ' . . T L .

s
. ™
i . Fe . ~

Whether or not to use a pre-test as a screening dev1ce ' ]

v -

depends upon the nature and content of the course; In .
Chapter 2 continuinq education courses for enqineers
were'div1ded into four cateqories These included courses
With.a ‘focusg on a) upqradinq and remediation .of basic know- .
ledqe and SklllS, b) broadening and exténdinq pfeviously -
\learned scientific and technical concepts and skills, c) ﬂ
iMparting hew and’ advancpd levels and skills in spécialized
‘. techmical areas at very high levels of expeftise to keep ‘
~ pace with new developments in technology; and d4) introduction
3 to new areas of knowledge and skill outside of basic -
: 'enqineerinQ'practice such as economics, management , i .
human relations, community deuelopment, and.environmental ‘
protection. R

ri Al

A simple ‘brochure describing thé purpose Qf the course

and the nature of the content and learning activities is
Y
probally sufficient for courses in the "g" category. This

' -85- . : ‘_ -
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. . may also. be true. for tourses .in category “b“ as well .

However, in category "c", where there are expectatlons for
very high levels of technical expertlse in given areas

prior to course entry, it may be reasonable to de81gn and
-

- _ mail out a short pre test uhich actually tests fdh this ) f .

N .

prerequisite skill and knowledge. A gcoring key can be

,‘ provided the prospective participant After completlon of
the pre—t/ft, he/ or she can dec1de if the courae is too

\ - . elementaky or too advanced Suggestlons can be. incIuded

», v in the materlals sent to prospective emrollees concerning
S " how to meet prerequlsitfh. These wquld often include studyinq -
certain Erocedunes published in specific journal artiéles '
or manuals, working with partidular types of problems or

. equfpment, and compleping other specifﬂc short courses or

* © formal Learning experiences to master required basic s

concepts and skills, ) R ' . - v
< ki . R N . .

+v , ' It is.alsv reasonable to use a pre-test in relation to

J
® . Y P .o~

" courses concerned with upgrading &nd remediation of basic ‘ e o
‘skills and knowledge. . In thia case, a pre-tdst can either

be mailed out ‘to’ prOSpective enrollees or administered

-

- at.,a common location prior to the course. If security of L N
. test items is.an important consideration, the latter
o alternatiVe shOuld be used. Heere the pre-test should consist
of a eet of items similar to those includéd on the "final : -,

- - examination" for the remediation course. 1In situations

‘-35-.,_-‘ , .
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. . T e . &
« where the remediation course 1is deésigned to prepare students

v

to pass licensing examinations, both the. pre-test and the
course final examination should be a sample of'items‘typical

of those foynd on the licensing examination‘itself
o
also be advisable to lnclude a sample of dlasnostlc items on
. N P ’ L g
the pre- test to assess each 1nd1v1dual s knowledge and Sklllo

.
‘

in basic mathematlcs and physlcal scxence concepts which

It may :

-, are requlred to successfully complete the problems presented,

1n—test items on the 11cens1ng examlnatlon. Tf tgg pre test
123 ’ - P 3

»1tems are properl¥ sampled from across* Basig dlagnostlc .

~
areas .and . the content of the remediation course, the
H
'1' : A > ',

prospectlve part1c1pant, as.well as, the* 1nstrnctor, can
determ;ne .wHether he?ogg;he needs to lnvest tha.tlme and é
d »

°effort 1n enrolllng in the course.- If thé person performs .

! ver we%} on the pre test, enrollment in the\coprse*would“
probably be non- productlu-; n ‘tHe other hand, if the {
1nd1v1dual performs poorlj\>h§ or\she'would probably be weil

adQI;ea to en:oll in the course',

L T "‘/

Ny

partlcularly heipfu} to persons preparlng fox- profe351onal

These procedures can be

¢

‘ - ‘v ~ \ v e
llcens1ng examlnatlons - L . -, N
.o | .
* k . ) . - N S .
T ) ..o - . e il
Pre-Tests as bevices for |Adjusting Course Content
. . .
B ) o T . - B ¢ b - .
and Operatlon_',», ) LT P to .
¢ ~ . 4 y . &
- Pre—test 1nformatlon collected(rodtlnelydgn course

- . »

H]

part1c1pants at the‘beglnnlng of /the course can be veny o

S L _— ? “ ‘\\f

:
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useful in providing 1nformat10n on any adjustments whlch

need to be made in the focus of 1nstruct10n, the rate or page
of presentatlonfgaud the level or complexity and dlfflculty
of course gontent Much has been‘saiq about these formative .

/', : evaluatlon functions® earller.~ Additional examples:of how to
a ¢ /'.\

use pre-tests for this purpgdse are presented in Chapters 11

and 13. Here it will siffice.to add that° the information

. /
collected from the administration of short pre tests at the

o »

. beginning of’courses across replications is very useful for

this purpose. Pre-test and post test scores for a course may

- N

be measurEd and plotted similar to-the example presented in

AN

" Figure 1 in this ohapter or Figures 2, 3, and 4 in Cnapter 13.

If similar plots are made over several replications of a

a

o

course, and if the tests are valid and reliable measures of

- ~

specific dearning‘outcomes, much information about a course

- \

g . and its effectiveness under dlfferent condltions and W1th

varlous 1nstructlonal adjustments 1n methods, 1nstructors,
» . T :

duratdon, and other factors can be determlned
- ~ 3
2 . Pre tests as Indlcators of Baseline Performance !

The thlrd functlon -of pre tests, to praévide basel;ne
1nformat10n about the amount of knowledge and skill with’

< Ll

whioﬁ'parttcipants entered the course, makes it possible
. to compare the/gourse part1c1pants performance on post
tests with the earlier measures. - An example may help

illustrate this point. Figure 1 is an actual plot of the

KN | N ’ cT “88— A *
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_ - " Figure-l
Pre-~ and Dost Test Scores by Persons With Test Meansg, .
% Standard Deviations, and PerSons by Score Regression "
Iines for a Short~ Course ;

oy
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@ .. Individual Post test scores (n = 13) . \
< : . _ .
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,Pre-test and post teig scores of .13 medica) laboratory

technologists enrolle pin~a short course. The course was a

six hour intensive workshop activity presented in two
major sections. over the course of one day. The course

content was principles and ‘techniques for ehhancinq student

motivation and achievement in techn1cal courses through use

‘ -

of appropriate instructional designs and tEachlnq )
methédologies. All l3 persons were instructors of t-chnical
andslindcal courses in medical laboratory technology in
colleqe and university proqrams.

The pre-test and post test score of each person is
plotted against the rank of that same person on the post
test score, A quick qlance a& the graph shows each
participant s entry level knowledqe of course’ content as
measured by the pre~test. Also shown 1s each individual's
exit level knowledge as measured by the post test " The
horizontal lines represent the means of the=pre- and po
test scores, for the group. These mean scores clearly, -
illustrate that the performance of participants in the course
improved followinq instruction. ‘' In addition, a reg;ession
line may be fitted to each set of scores.‘ The:slopes of the
,two lines' reveal information'about the differential
effectiveness of the course €or persons of differinq ability
levels as defined by their rank on the post test.or by some
other functional per formance criterion. Statistical

siqnificance’tests may be performed on the differences between

&
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pre- and,post test neans for repeated measure situations.

In addltion, statistical significance tests may be performec

rd - . »
e \

on theg difference in s1ggg of the regression lines for the

" pre- and post ‘test sccres.: These'statistical inference

procedures can 1ead to powerful generallzatlons about the

general effectlveness of any given course in improving the

performance of participants.. Replication of' results such

[y

as those shown in Figure 1 across many trials of a given

-

course are even more convincing of the effectiveness of a

course than are the®many statistical inference procedures

which are possible. Chapter 13, pages 270 through 280,
contain the pre- and post test results’ for groups of

engineers enrolled in a’short course on urban water quality
/ ' Iy * )
modeling. Fiqures 2, 3, and 4 provide data for three

Y

vreplications of the‘course. Inspectlon of the graphs shown
that the course is effective and consistent. e
If no pre test had been given to the participants showr\
in Plgure 1l or to/those shown in quure‘ 2, 3, and 4, it
would have been impossible, on the basrs of the post test
alone, to determine £he amount of 1earn1ng.taking place or
eveh if learning had occurred. . The socore on the post test -
would be unlnterpretable because’ one would be unaware bf the
‘entry 1eve1 ability of part1c1pants. In the absence of the
pre-test, the ih?erence could be made that the post test was
. too easy and did not®*measure the learning which;had occurred.
Another inference coﬁld be that the post test was of ,

¢
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appro>r1ate dlfflculty and that persons had learned fron

the course- Stlll a thlrd 1nfercnce could lLe that the wost
DI

. test was of approprlate leflculty, hut that the

part1c1pants were already knowledgable 'of the content or

-
¢

the course and might have scored this hlgh or hlqher on a
pre-test, ThlS last. inference would cast doubt on the .
'apﬁropriateness‘of the course for the particinants. The

'point to be made is simply this: without the pre-test data

« ’ .
it is difficult to lQoose/ﬁroy/among the alternative inter-

~pretations of( the nmost test results. Of course, a fourth

»

inference coulq be that the post test score is unrelated to

‘what‘the(course participants learned. _The validity-of the |

. test is questioned in this case. It aoes without sayinq\tﬁat
any inference about how much persans have learned based\Bn
test scores néeds to be derlved from valid and rellable tests

L]

Chapter 10 details methods by which td insure that tests are
developed which are reasonably valid and reliable. Chapter
1l points out the limitations of even the . best tests and
provides squestions for broadening one's inferences about
learning outcomes by usihg other aporopriate aad multiple
indicators. . | .

In reality, there are always other indicators of the
degree of participants' entry knowledge and the amount ot
learning, experienced during a course other than pre- anc

- post test:score comparisons. . These -include: the amount of

learning course patticipants report, the logical

- -92-
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determination of the appropriateness of the post test or

other learning asselsment‘used by the ¢ourse inst?uctorz the

¢

rate and accuracy with which participants are able to perform

R

course of instruction, and other similar 1ndicators such as

the instructional activit1es and exercises durinq the,’

Ethe ability and willingness of “the course partic1pants to use
properly the knowledqe and skills acquired in their daily
work activities. Both earlier and later chapters of this
book make it clear that these other indicators of learninq
‘should be systematically collected and used in making
judqments about the effectiveness of a patticuLar course as \
well as about the degree of learning achieved by 1ndividua1s ,
However, this does not negate the need for more formal
assessments of\entry and exit level'knowledqe‘and skill, .
Information of the type presented in Figure 1 is very . .
- helpful, not only to ‘the per§on8‘who operate the course and
are concerned about its qeneral effe tiveness, but to the
1ndividda1 -learner who can determinerhﬁs or her own amount
of learning as measured by the pre- and post tests, in
relation &o other course participants'’ performances and in

-2
s

" relation: to some level of mastery of the course content and ’

skill as defined by the course developers or some other

E

criterion such as common standards of practice (Lacefieloh 1980).

Learning Resulting from Pre—test Experience -

Generally if pre-tests are to be used, they ouqht to

consist of individual items orcassessment tasks parallel to;

>
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but different from the items or tasks used in the nost “est.

! -~

- One Jdoes not care if students learn from experience with a
®

o

pre-test. In fact, this is often a beneficial outcome. 'If

the preetest helps participants better understand what it is
they need:to know or what it is they need to learn to do, it

can be very facilitative to the instructional activity which
. 1 . . [y .

follows. Pre-tests can often define for the learner, in very

operational terms, what needs to be attended to most in the

instructional activities which follow. However, differcnt o

items and assessment tasks are required for the posttest

because one does not want to be measuring, only or largely, .

— ' " increased knowledge and facility with specific test itewms
J "
or spaecific @ssessment tasks.
- ' . \
' If one administers a pre-test, corrects the test and

I

renorts the results to the learner, post test scores on the

same test items given at some later time will be higher. |

>

This is generally true even if no instruction intervenes.

What has happene@ in such cases 1is that individuals have

.«

learnad specific responses to specific test items or
15€ p

3

pe;formancé tasks. They may have learned some other more

. -

generalizable thinqs as well, such‘as how certain terminology

is used, the style of the test developer, or obtalned a better

a

idea of what it 1s that the course instructor deems 1mportant

enough to test for.. Thereforey if one gives the identica; ..

£ . test as a pre-test and post test, any gains in learning which
. " appear are confounded. The confounding is between increased
— - <94~ ’
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performance due to familarity with specific aspects of test

tasks and items and increased general knowleilge and skill in

¥ - N [Ty

‘'using and applying the concepts an%pprinciples learned in the
course.;’Beeause’of the confounding one does not know if the -
post test score represents only specific learnlnq of how to

get these items correct or generalization of basic knowledge

and skill concerning ways to solve these types of problems.

While the latter o&tcome is a proper goal of instruction,
the former is not. ‘Consequently, care must be exercised to

make pre- and post tests parallel to one a?other, but to

consist of dlfferent itemg. Otherwise the observed
dlfferences in pre-= and post test scores will not be easily .

1nterpretable. .
. Y
There are a number of evaluation designs whlch can be

used to measure learnlng outcomes without recourse to pre-
_tests.' Some deslgns\even allow for the effect of learninq

from thq pre-test to be separated from learning effects

]

" resulting from 1nstruct10n as both are reflected in post

test scores (Mason & Bramble, 1978) These evaluation designs

will not be descrlbed here. However, they are especially
useful when a course is to be repllcated several times and
'dlfferent evaluation deélgns can be used w1th each replication
to estimate varlous;contrlbutions~to.effects measured by

L]

. \\ ?
post tests or ccher performance?outcome megasures. It
-

sufflces to conclude that, while 1t is not always necessary

“

to use pre- tests, if properly constructed pre—tests serve a

4

number of important functlons Wwhich make them worthwhile.

. -95_
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Two Approaches _to. Constructlnq Q{e.tests . .

There are two general approaches to the construction of
dlfrer it ‘but parallel forms of pre- and’post tests. The

-

first’ method is to deflnela sample of performances which the.

individual should be able to carryout after 1nstruct10n. ;

o

From th1s sample of performances, spec1fac asSeis ment tasks

&
and test items can be prepared, w1thogt regard o’

assiqgnment to pre-test or-post test use. 1In fact, as
’ >

-

mentioned earlier, the llstlng of this sample of performances

L4

can also be useful for deflnlnq an approprlate range of

A .
learnlng activities and experlences by whlch to 1nstruct the

- “

learner. 1In this sense,rboth test items, or qther forms of
R ' - ~ :

assessment tasks, as well as thevact1v1t1es and .exercises

selectedﬁfor 1ncluslon 1n course content by whlch to. 1nstruct

learners, are all samples of the class of performance
capabllrtles. Learners should be able to apply the specifiq

conCepts, skills, and _knowledge they ha;e learned in a course, -

¢ M

to. the successful completlon of real life problems in the

content area under’ study or ‘to test\ltems whlch\jamulate

-
~

these real llfe problems. : . ' N

o .

-
v

‘Under such a plan some of these performance tasks'are’
A
assigned to ‘a pre- test role, others as post test. and Stlll
-‘“ -
others as 1nstructlonal task or practice activities. 1In

.such a case, the course designer will seIéct'several sets of \

tasks much alike in terms of the levels of dlfflculty, the . - T

. Les

.types. of cencepts and skills which are- being applled and

= -

¥
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‘the tvpes of probl@&tgltuatmonégthey¢represent The pre-
* v " LAy “ °
test the sample Of ua14§n§iructlonal examples and .
\ F .\-,‘- &:- o

- ¥

practice act1v1t1es selecté@&as cputse content, and the pgst, am

.
~ .

9-.1‘ ¥

.. test ought to .all reflect%i iﬂlikeaath of dlfflculty
levels and areas of appllca&xon Qiﬂn.sﬁchﬂsltuatlons, pre-
and post test comparlsons,of paftb 1panb§ performagces, as

& -

. . weéll as the accuracy and easgngmth whldh 1nstruct10naL

<

- practice: act1v1t1es are compLeted durlnq the “&ourse of
Pl N s(
1nstructlon, are very useful yn maklng lnferenccs about the

‘

amount of learnlng resulting ﬁ;onﬁlnstructlon. .If sich a

plan is foiiowed, it is infportant to- insure that both the

. N .
pre- and post tests contain aeproper distribution of test

1tems or assessment tasks.: The problems ﬁresimted in test

-

‘1tems must requlre appllcatlog of course concepts and

”~

principles across\a range of typlcal condltlons representatlve

2 of those encountered in actual work areas., -

L

‘o ’ . In this first approach, there is no attempt to prepare

¢ « A

duplicate patrs of items to sa@rve pre- and post test

functions. Rather the entire domain of pérformarce being .
- taught in the.course in concegfu&liﬁed as a universe of

multiple performance capabllltles. “The course desxgner

samples from the domain man?iggec1f1c tasks whlch collectively ,
) - . . ) ’
. - represent what- it is a person must.be able to»do\%o-exhlb;t

- -

'mastery of the performance domain. Many individual items are

developed, with attention to acﬂ;ebing a proper distribution
) -4 \’. i

of “items across various levels of difficulty or comp%exit

- Y L4

s, .- . .
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N . . =
the pre-test with an equivalent item on the 'post test.

-

Assignment of items to the pre- or post.test role is randon

"with no particular attention paid to matching cach item on

«

Taken as a whole the two test forms are considered equivalent
because their items are drawri from the _same universe, not
because they consist of individual paited items. Items on
both forms of the test are sampled in a uniform manner across
the domain. Either form of the test may be used inter-

o , .

changably in any test rote, pre-test, embedded test, post

test, or deiayed post test This method works best when the

’ domain beinq tested is very broad and the tests developed

are quite lonq. This approach to parallel form test
construction is wery usefnl in courses in the first category
,cOfcerned with remediation of basic knowledé and skilh.
Here the performance domain is very large and many parallel

form tests can be sampled from that domain with-little, or ,no

duplication og,iydividual items. . . '

L.

A‘second general approach to the construction of pre-

and post tests is to first define the content and skilis

v

expected as outcomes fvom instruction and to then prepare

' duplicate items for each area of performance to'be tested.’

o

‘The items are duplicate in terms of~difficufty level,

knowledge required, and the specific skill or concept to be,

applied. They are different only in the sgpecifics of a given

* / . R e
probleg/or problem application situnation:. . What results from

(1

such an approach is a parallel set of items; one set may be

used for the pre-test and the other for the post test. If

‘
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" the pairs,of test items are developed, the members of each
3y .

pair may be randomly assigned to "sither the pre- or. thé‘post
. e

test. 1In.addition, the entire item assembly in the form of

the pre- or the post test may be Wsed for either Functlon

'

That 1s, the two, parallel forms may be used interchangably

)

.as pte- or post tests. They can also be used in other test

L %

~roles such as embedded “tests or delayed gost ttsts ‘The

basic plan under the second approach is. to develop one good
test which is comprehensive in’ terms of its representation of
course knowledge and skills and in terms of a mixtl@re of ,
relatively easy though difficult tasks. When one selects a

particular area of knowledge or skill outcome to be tested, ,

,one’simply develops two items each time, rather than oniﬁ"’

one. One item is then assigned to the pre—test item pool a2d

the other to the post’ test item pool. This second method is

‘most useful when the doma%n is well defined, somewhat narrow,

and the tests to be>developed w111 be short perhaps under

30 items or thereabouts. The second. method is probably

»
most sultable to the typlcal short course with its few well
deflned 1ntended 1earn1nq outcomes. :

>

Either of the approaches described above will produce

pre-tests whlch make initial aSsessments of participants’

entry learning levels and post tests by whlch to make-

-

inferences about the amount of 1earninq in specific areas

following instruction. Such information is of value to- the

g . .-
persons who operate the course, the course participants, _anc

7the'persons'who employ and professionally certify engineers.

-99-~ . .
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Chapter 10 contains Jetailed procedures for the

construction of pre-, post and other types of tests.

- »

sDetailed prooedureé for the proper sampling of test items )
. ¢ . - - )

within the performance domain of interest are provided.

Both methods gf‘pfépafipé multiplé*fqips of tests are )
presented. P;pcgdures for insuring the‘validity o} the
teéts are d;scr}bed. ..Chapter 13 presents detailed
information about how éb:ﬁée te?; data to make inferences
about the degree of-learning which has been achieved by

individuals and to make judgments about the overall

effectiveness of coarses. *
o .

N »
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Chapter 7

EMBUDBLD TESTS -- THEIR PURPOSES AND USES

. -
- 4 N
El

Cmbedded tests are simply assessment tasks built- into,

the 'instructional sequehce and intersoerSed~with other

.- n

linstructi:hi} activities. Common Forms of embeddea tests .

include homework problems frequently ass 1gned aftbr each

-
-

class session in typlcal urses in enqlneerlnq and/related
‘ s A \ .

sc1en*1f1€ and technlcal flelds. Frequently these completed

- s o

hom vork problems are. collected,—corrected the studeht 's

-
¢ t

perfqrmanCe recorgedL_énd then returned to students. -
. : e - %
Students ma

A\l

ing the problems is a practice -

N 3

act1v1ty, bwahlch

:r learnlng/

- -
v - o , “y
- - [y

aqd pr1nc1p1es’“\f1 L ro
7 L
2 3/§ . ’

Tradltlonal Embedded Test Task93 .

f
F

Althouqh homeworK is glven for practlce» the results of _

homework performance by students’ can be.examlned to reveal

B

the degree of studénc understanding of course prﬁnciples and

[y

concepts/gs well gs the prbsence or absence of ‘more basic
. by

prerequisite skills. Goad 1nstr00tors 1nteract with students.
in precisely thfs manner. They frequently d%slgn homework v

in graded levels from s1mﬁle to more complex problems. They

»?
g

collect the homework, requiring that 1t~be.comp1ered in a
reasonable length of time. They-then correct the homework,

<
Yoy
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not only 1nd1cat1ng if the problang are rlght or wrong, but

p01nt1nq out errors to students. Frequently, the

-

1nstructor 1dent1f1es common problems whlch reoccur in a
glven student's work. _The.instructor often calls the

attention of the student to the sroblem area or areas in
‘, ks

written comments or byya personal c0nference. Sometiimes it~

R —

becomes apparent to the 1nstructor that the majority of

°

students have m1sunderstood or not fully understood some

- . s
* ) - s . .

“particular procedure or concept. Then the instructor often

takes steps to correct or remediate the area of misunder-

l
L]

'standing in subsequent lectures, lahoratories, or similar

. L)

class learnLng act1v1t1es. Homework, therefore, is a formw

3

. «of assessIng learnlng outco?bs partlcularly useful 1n

formatlve evaluation activities.

i

v @ Tmeee

§ e Although good 1nstructors have been using these

m‘nﬁf&.((‘tqtb((( rEame .q.-pu. . I

‘ L pnocedures for many year it‘is 1mportant to realize that
.. L

N

the data collected from the performance of students on such

|
¢ i

"embedded test” tasks can be used to make strong inferences

3

.~

-

about the aegree of learning ach1eved by 1nd1v1dual students

- .

- and the general effectlveness of particular courses 1n
&

ach1ev1ng their intended outcomes. Other traditional

embedded assessment tasks 1nclude freguent qulzzes, practical

]

... OF laboratory examlnatlons and tasks which require the‘

demonstratlon of a particular skill at various levels of safe

A )
and competent practlce. The design and completlon of various

-
” [ '

' experlmeﬁts, Spec1al nro]ects, reports, and analyses’are .
Lad °
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other examples of common enmbeldded tasks. Each of these tasks

L]
calls for a skilled performance of some type. Often parts

€

of the performance can Le observed directly, particularly in
<&
the most critical stages. 1In addition, the performance

"4
almost always results in a product of some type, whether it

be a set of desiqn‘specifications for a bridqe or a dam, a

design for a scientific "experiment, or an analytical report
- of the structural properties of a oarticular typegff

material which is to be used in the fabricacion of machine

parts. ) ‘

T AT L 6 NS A Ppetanin £ e

The actual observation of the student's performance is

a very informative assessment of the person's lével of

}
competence in using the skills and knowledqe wh1ch have been

3

tauqht.t Examples of ‘areas where such observational
assessments are)appropriate include: performances using -
special equipment such as scintillation counters, electron '

microscopes, or x-ray crystalloqrapﬁy equipment. Other

-

examples involve the selection and use of computational’”
algoricth‘in solving.particular problems; the making of
certain assumptions about the way a problem task is fruit-
fully approached, includdng identifying those solutions

which‘cahnot be used; and the deveLopmenE and use of computer

programs;for data analysis and/or simulations. @ -

The’direct observational assessment of the student's
“ .
performance (and the products resulting from the performance)
, ~
to determine the degree of learnlnq, and specific strenqths

l ’
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and weaknesses in an 1nd1v1dua1‘s comoetence, is a powerful
assessment procedure. This differential assessment of
students' strengths and weaknesses in complex areas of

performance based upon direct observation by experts who are
L3

also tutors is a form of embedded assessment task which ought
- .

to be used more frequently. These types of learning
assessment procedures are very useful to instructors in

diagnosing what it.is in particular students are and are not

-

yet able to do. 1In addition the assessment procedures are
also very imstructive to the students. Embedded test tasks

comprise an integral parﬁ of the instructional activities by
-~ - \ ' ‘ i

which qéhplex performances are learned. Persons seldom

. - .
master complex performahces -in one trial. Rather, many

]

trials are required and performance may be expected to be

very variable and incomplete across parts of the task,

esbeciaily in eafiy s;ages of learning (Bugelskik, 1971; -
GaQne, 1977). Embedded‘tasks of the type which have'been )

previously descrlbed are very useful in test1ng the

. [ L

1nd1v1dua1 s performance capablllty across the varlous parts

a

or component skills and knowledge required for skiliful and’

—
, accurate Whole task completion. . They are extremely useful

* for making decisions concerning when instruction can be

. .
. Stopped in certaih areas of performance because the person

has learned the skill or concept to a mastery level and

further instruction would be pointless.‘ﬁEmBedded tasks are.

[

¢
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also useful for] determination of wvhere additional instructio: .

«
\

and practice are nécéssary.‘ . .
Embeddgg‘éest t#sks may take many fo;ms._ As we haye
seen, they are'often:practicé problems assigned as homework.
They can be quizzes, ‘projects’, experiments, reports, and
ﬂ‘siqilar activities. .However, embedded tests can also be -
more abbreviated sahéles of Qork performance aé is the case
with pre-tests, postitesés, and delayed goét tests.
actual s;mples of performance under conditians similar to
those in the work‘settinq are éﬁe best ways to assess theg

) . . k4 3 N . 3
degree of 1eafn1ng\1n a given area, other considerations

often prévent the inclusion of yery*many such aésessment

»

.
‘v *»

Althouglh

tasks. Sométimes.theré is simply not enough time to provide

(-3

the necessary number of indepth instructional and laboratory
learning act%vities and aPso provide equally complex
‘and involved assessmeht- tasks by which to make inferences

. -
about the degree of student learning. - One solution to this

¢

problem is to keep better track of each iegrner}s"sgccggs ana

iaéﬁ}oﬁ success w;th each practice and 1aboratofy'task whic¢h

is aséigned as éart of the instructional sequence. Another

solution, is to use ‘an abbreviated sequence of tasks as test

items by which to make reasonable infg

.of learning achiebed by studenﬁ% on the complete berformance

task. The first-solution has already been discussed in .

£l

terms of keeping good records of student performance in the'

completicn of instructional activities swch as the doing of,

. -105- .
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homev.crk problems or the carrying out of laboratory

activit;es. Let us now consider the second alternative.

A
c 2

Abbreviated Forms of Embedded Test Tsks

Even on regular tests in areas.of complex performance,

K

the test tasks must be abbrev1ated Often students are not
required actually to complete the solution of a- complex
problem, but only to set up the problem in a‘correct manner.
Thisptests for the student's understanding of how to

formulate the problem, what class of solutions to consider

and select, as well as what mathematlcal models and
procedures to use to achleve a solutlon. It doeés not test
the student s ability to accurately complet%‘the solution.

Of tentimes, when it-is of interest -to test the students

L4 - s

facility with computational procedures as well as problem

formulation, the problems'presented as test items are

modified to be more simple than those usually encduntered in
o 53 .

practice. Walues given are frequently, in small o _whole

.

“ndmbers.i'AEtual'EbmputétionﬁishdeliﬁereteliAsim 1f1ed to

’

1nsure that the student can c0mplete the problem in a short

period of time, usually mindites, without the aid of a

—

computer, extensive references, or table

Still another common approdach is to ask students to
recognize, rather than to' actually carry out, the incorrect-
—m— 3 , V-

- . . . g s !
(or correct) application of principles learned in the course

of instruction. 'In such a situation, the test task might be

-

. . -106~
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the description df an experimental desiqn which an engineer .
has developged to test the effectiveness of a mechanical
component, say an automobile door hinge, compared to other
hinge designs. With this type of test iten several true and

false, multiple choice, or short answer essay questions may

be asked of the student about the problem situation whdah ‘is

presented. These types.of items can test for the learner's

»
.

knowledge and ability to recognize correct or incorrect
application of experimental design principles, to judge tne
maqnitude of experimental results in terms of'beinq'reasonable
or‘unreaeonable,‘and to be alert to methodological errors.

Such assessment tasks can bea very demandinq, can be administered

¢

£n a much shorter time than would be needed to actually desiqgn

" an experiment or carry out some other complex performance,

#

and can also be very informative about the degree of student

learning. Perhaps an example will help.
L

3

An Dxample of a C0urse with Embedded Test Tasks

-

In an earller chapter a course t1tled “Hydroloqy and
_Sedlmentoloqy of Surface Mined Lands", was dlSCuSSed brlefly
'(Haan & Barfleld 1978). It _was .pointed out that the example
problems which are found at the end of each of the course s °
8ix units define the functional competence and knowledge
partic1pante need to develop.to demonstrate the mastery of‘
the course content. oOver the three day period that the

Ccourse is taught, the instructors present brief lecturese

. .
* .
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Each lecture is focused arouhd some common problem such as

the task of designing stream channels for diversion of water

from surface‘mininq operations, -The lectures and the

printed materials, ;llustrations, tables, graphs, and related

+

materials which are provided to participants in a single

textbook are all closely interrelated. The purpose is, to

clearly illustrate: - a) what the common ptoblem is and ,the
range of variatien which may be expected in paramenters
affecting the solution of the.problem: b} the appropriate
theoretical models, concepts, computatlonal algorithms, and ~
_ brocedures bas1c to solving the class of problems, and

- ¢} the necessary adjustments, correctlons, and modlflcatlons

of models and procedures derIved from theoretlcal and

‘ o

laboratory" research to make them compatlblb with" actual field

v, t

c0nd1tions where more var1ables are operatlng in ways Whlch
cannot be controlled to the same;degree as in ‘a laboratory

experlment The printed instructional materials’, as well as

o

: the lecture and problem solv1ng—act1V1t1es of a préctlce

nature which. follow shqgrt lectures, are all desagned to heLp

-~

engineers br1ng to bear ‘the most approprlate knowledge, ‘
theory, and procedures for the des1gn of hydraulic ¢Hannels
and storage'structures. Stﬁdents learn ba51c hydrologlc

theory and pr1nc1ples as well as many. rules of thumb and
specific procedures for making .estimates about deSlgn |

. °

speclflcatlons for such structures within certain probab111st1c

ot °
limits of maximum 24 hour’ storm rainfall and runoff desirable

3
-
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safety factors in the .performance of the structures, across,
" s o . 0 » .
various types of soil materials., and under differing slope
0 “ ‘ .
conditions.

-

Much of .tshe learnlnu necessary to apply competently

these engineering pr1n¢1ples 1nvolves the use of complex

-

nomographs and the use of stat1st1cal tables which. list

]

-

v

rainfall patterns and probabilities for varlous qeogxaphlc
reqlons. Soil typés must be ¢classified ‘into various ‘
cateqor1es by which: numerlcal Values can be ass1qned ta
‘maximum permissible flow velocitles to avold thannel eros1on'

and sediment deposition downstream. Boundary propert1es~of

Stream channels must be pldced into various categories
X .

depending‘upon the type of vegetation in the channel or other

cover and the resulting retardance to flow values. Many
, ‘ T

.

other variables-includinq watershed .ground cover, season'of
the year, and intended duratibn of the.stnuctures, must also .

be considered: For each var1able there’ are one or more’
d

procedures by wh1ch to est1mate a 'numerical value.' There

are othér Procedures for comblnlng these values and equations

A
) B »”

to calculate design features of the stream channels and the
storage structures. There are ‘still other procedures by

which to check independently the reasonableness of the design

specifications calculated. It 1s 1mportant to’ double check

and ingure that the flnal de51qn spec1f1catlons are safe,

-

cost efficient, and effectlve frOm the standpolnt of their

desired performance. ’ .
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sourcefin"sﬁch

worthwhlle beCauséiit teaches
/""\’L

-/
,a well orqanized and 1nteqrated form.

'specific

: 1'._,*are anetally /nO't ava%lable from any %g‘her“"ﬂ:

The

textbook for th//course'is really a technical ma%ual It is

specifically desiqﬁed for-the engineer “to take b

-

ack to the *

. work: setting in order ihat he or she ~may continue t

o use 1ts

tables, procedures,

-

solution of actualudesign problems

L 3 o

Because of the complexity of the material and 1ts proper

applicatioh to real problems, the developers of the course

embedded realzproblems as demonstrations in each section of )
the course. The first set of problems in each unit of
1nstdﬁction serves to illustrate how the course concepts and.
-principles are applied. These demonstration ﬁroblems are

' - the main instructional tasks upon wh;ch instructors focus -

and in which participants engage to learn course concepts,

2

nomoqraphs, and examples in the better :

1
o e

. -8skills, and procedures to solve particular types or classes
- A A ﬂ -
of problems. o )
. o Immediately after these-enbedded tasks or problems, there

1s a detailed, point by point, explanation‘of:how the
probleu{can be solved, ‘
3 ’is given. The textual materials provide- a step. by step

) illbstration of how the course concepts and procedures are
accur%igly used in problems sampled from the array of - those

s

encountered in the real worild practice’of surface mining

activities,-

This allows an individual learmer to gtugy the
- -110- . - '

Often more than one methdd of solution
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-

bacKkground theoretical and empirical material presented in -
3 . . ®

>-each—chapter and then to wor! alona with the deronstration

: \.
pféblems in the actual application of these principles to 7
real problems, ) : ) ' -

After the demonstrationrproblemsf a secend set of - .
parallel but different problbms is presented.. These are th,

embedded tests. They requlre the learner to demonstratc,ani

-

transfer the appllcatlon of course prlnClpleS and concepts ’

learned in the practice problems to another set of similar

P
problems drawn from the same’conceptual universe of real
practice situations. Durlng the course, part1c1pants are

asked to solve these problems and allowed perlods of from 1

v

to 2 hours to do so.: Sometimes the problems are to be only

-

partlally completed or set up. Following this the7 .
k4

1nstructors hand out completed ‘solutions to the problems in .

.order.that these may be studled‘and used immediately (and
in the future as well) by the elyineer to check on the

accuracy of his or her application of course'concepts and <
’ - P S

¢ «

procedures. . . P -
. . , . ;’ _’ s . ¥ Iy )
One other property of both the embedded -practice problems

R - - . \\

and the embedded teést probleims neeas men ihg.. Both

cumulate in scope and difficulty over the sequence of Six.
chapters in the text. That is, the problems in the f1rst

9

parts of the course are small and con51st ‘of only part of

the total task of designing tre necessary hydrologlc P

structures needed to divert and, store runoff water for surface

-
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mining operations. ‘Bate® chapters in the text require ﬁhu

uss and intearatioﬁﬁof all of, the precegdinq material towarqs

the design oé compléte drainade and sto%aqe éystems. This
ﬁ? ' is a strong feature of the course. It ‘is difficult to

’integratf~§ropérly a_large body of concepts and skills

v :required for a competent performance in a complex aréa.
TThere is no reason. to bélieve that persons can easily learn
to‘put together all of the parts of such complex processes
unless they have been gigen préctice and specifically
instructed ih how to do so (Bugelski, 1971; Gagne & Paradise,

S35
1961; Gagne, 1967, 1977; Snelbecker, 1974).

» ’

Reasonable Expectations for Achievement Within a Short Coqrse‘

What is it reasonable to expect in the way of learning
outcomes from a three day partiéipati&n in this continuing

education "Hydrology and Sedimentbloqy'qf Surface Mined
C

N

Lands" short course? 1Is it possible tbat\enfollees will -1
4

‘become facile with M of the complex theories, concepts, an
procedures encountered in the‘coﬁfse at the end of the three
days? In fact, it is not: ‘' Aboht all ‘that can be hoped for

is' that the participants will: i

a) become highly motivated to continue study and ‘use of

P ”'th coﬁrse,textbook or manual bécause they see how useful it

- can be to them in'improving their performance in theif dailyf'\

work tasks.
-

[
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b) become familiar with the main ideas, concepts,

procedures, algorithms, and the adjustments which must he

‘

nade in these to accomodate differing soil types, rainfall
Patterns, surface cover, and so forth.

c) know how to use the many procedures, nomographs,

tables, charts, and models presented in the manual in
intelligent ways to produce reasonable solutions. Much of
this is knowing when, why, and how to use a particular

approach to solve a particular design problem, knowing what

¥

the reasonable values should be for certain types of

problems, and knOW1nq how to check on the accuracy of one!' s

Y
!

- calculations by independent means. . .

The content and skills of the course have con81derahle
utlllty for the part1c1pants, particularly if they are
involved in surface mining engineering. Some weeks or months

. after the course is completed participants may become more
skllled in the use of the procedu;es through appllcatlon of

. -3 .
course content on the job. Many highly téchpical continuina .- \

-—

-

t

educatlon courses share this character1st1c. .

- Practical Problems in Using Complex Embedded Test Tasks
T‘ ‘ . ’ 4
in Short Courses \- N
v ‘ i - .,
Sup now, that one'wishes§to evaluate the learning

i

outcomes for the course at the end of the three days. How

.mlght this bhe accompllshed° One way mlght be to requlre each

-

participant to complete 1nd1v1dua11y and fully each of the.

~ 4

~113-
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many embedded tests or vroblems at the end of each chapter

e’

or unit of study. These could be collected, corrected, and
. , : -
an individual conference could b#s scheduled with each studert

to report their progress and to instruct the student’ in any

‘areas needing‘more'attention. The final, and ver& complex,

cumulative problem tasks pr0v1ded in the Hahn and Barfield

-

11978) text are excellent assessment _tasks. Their conpleticn
requires the proper use andrlntegratlon of all the prior -~ }

-learned information and skills. As sound’as this procedure

-
¢

is with respect tof instruction and the ‘asséssment of learning
i . . .
’ : s C\ . . - .
, outcomes of the participants, there is.a serious problem

S

’ with this approach.'\ 0 . oL .
T . “' The pronlem is that lt woulq take mugh longer.than the
- | %Yai1ableltime to carryuout such an assessment, perhaps six
to nine days on the aQerage-rath r than the tnree which‘aré
.avallable.' The persons.who com to shbrt courses often do

v

', so only by maklng sacrlfices wi ﬂ“an already very demandlng

< =

v schedule. Furthermore\Vthe 1nstructors need to spend most
ot . *
of the1r time "and effort in instructional actlvxty, not in

v

admlnistering a massive test which takes days to complete and

- ~

evengmore days to’ score. ‘Moreover, many part1c1pants may -

. q

‘have attended: for’ purposes‘of acquiring an-overview to the
.~ " .

- .
-

"

content and‘methods of the course, not to become‘proficient
. c - A . -

. . 1in the actual design of drainage and storaée systems. 1In

. " N

' addition, most participants would probably perform poorly or

such a comprehensive test.' Fully competent performance on

N K - -114-
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v

these types of complex problems is not expected as an

1mmeJ1ate outcome for the three day short ~ou§Se. The -

limited time available also inakes the completion of massive

!

amounts of homework or major test probiemsrby pafticipants
not feasible, The correctlon of massive amnounts of complet=d

~ ‘ /
homework by 1nstructors 1P also not feas1b1e About all ‘that

¢

.8 -
can be done to work through some goo@'lllustratlve

demonstration problems and to compleﬁé parts of l-'«home§10rkf'-~:

i 4 - . . . ’ )
problems under the Supérvision and assistance of the course

- .
instructors. How then, _could one’desiqn a test to determine

if the learning outcomes for the ‘course had 'been: ach1eved°
¢ . i )

In what ways mlght test items’ or tasks be deVeloped wh1ch

’

would be effective measures o%igerformance in keyxareas, but

which Would be able to be admlnlstered and scored in a matter

of a few m1nutes rather than several hours, or’ days° L&

~

Abbreviated Embedded Test Tasks -. An Illustratdion |

.

o % v

Appendix B contains a sample multlple choice test which .

L

was de51gned for the hydraullcs of oﬁen channels seetion of

®

the "Hydrology and Sedlmentology of Surface Mlned Lands"“ - .
-
course. This is one of the s1x unlts of instructlon in the

three day course. The total test length for this unlt 1s LN

eleven'ltems. The time- requlred to comp&ete the test is
approx1matelﬂ ten m1nutes Yet the test items assess most
of what is.of interest with respect to the achievement of

spegific learning outcomés at the end of the unit of.
. - ‘
s @ =115-,
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instruction. Similar tests of from five to ten items can -
~r

be prepared for each of the other five units of instructdon. .

L - ’

. These can be used at the end of each unit of 1nstruction in

the course. A time limit of -ten minutes can be set for each
“ | test. Participants can complete the test immediately after
:a anit has been taught. Becatige ofithe objective nature of -
. : 'f”scoring,_the particlpants' responses can be corrected
immediately with a scoring key, requirlng no more than ten
'ﬂ . to fifteen seconds per"partlcipant S paper. “The results of-
. the performance on the test by participants on an indiV1dua1
- - wb&SlS and for the whole group can be reported to individual
participants within minutes of the test admlnistration., (Mpre
details about"'w to carry ‘out this’ procedure are presented
. in éhapter 13.) Common points of misunderstanding can be
noted, by instructors and remediatéon or qorrection attempted
in subsequent instruction and dialogue. The results frofn
- all such, short embedded tests can be-added together across’
-t the six units of the course and reported as an indication of
an end af course learning outcome for particular students.
Results can be summed and averaged across students to make
inferences about the success of the’ course for purposes of :

- ] formativé or summative evaluation.' ” e YT s

In addition, duplicate or parallel items can be written

oo for each of the items in ‘the embedded tests- for r each

! —_— - C——

of the units.‘ These can then be assembled into a pre—test, a.

post test, or a delayed post test to serve other purposes.

., -116- i T
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The point to all of this is that embedded test tasks are
) often excellent learning assessnent devices because of their
~directly parallel structure to the instructional activities
and tasks and because of their practical nature. Yee they.
are difficult to administer, score, and use to instruct
students about errors in learniné and areas needinq‘further
~attention, especia%ly in courses dperatinq inder severe time
limitations. Because of these factors, short objective type
‘test items, consistinq of abbrev1ated performance tasks,
similar to the eleven items presented in Appendix B ought to
N be designed and used more often. How may such short but
powerful objective type test items be developed? Perhaps
examination of the purposes and properties of the eleven
items displayed in Appendix B can help answer this question.
Ct . Not only is the example test providdd in the Appendix, but
o @etailed instructions about how to prepare abbreviated te%t
tasks in general are provided. Additional-infognation about’

-

how to design and use efficient'abbreviated test tasks is

also found in Chapters 10 and 13. :

¢ . - ’ .

éurposes and Properties off Abbreviated Embedded Test Tasks

' Appended to the set of eleven tdst items in Appendix B

E ) - ‘ - - .

e \ : are a group of figures and tables. These .are presented to

the students alonq with the test items. The hydrology and

"sedimentoloqy course teaches the proper approach and .

solution of problems throuqh the use'of many tables, nomo-
) . ¢ .
' graphs, and similar prbcedures, An important part’of the

‘ , | V-

B . . . t




task for the student is to learn how to use such material as
well as to discriminate from‘amonq the many tables.,and fiqures
those which provide the information needed for the solution
of a‘particular problem. By having this series of graphs, s
figqures, and tables in one place as an appendix to the test
items, the student must discriminate among the multiple’
displays tOxselect the appropriate ones for the solution of a-
problem part presented in an indivjdual test item. In
addition, the student must know how to enter the table or
graph and retrieve the information needed Thus, the test
items assess two skill areas which are key objectives in the
course. Each item simulttes part of a real problem situation.
The items for the most part do not require computation.

Items one through three test for basid knowledge of basic
prpperties and relationships required to solve this class
of problems. Items four throuqh eiqht are all cbnstructed
around one common problem situation concerned with the design
of a particular open channel given Ccertain performance
specifications, soil type, cross section, and qlope. Items
four and five test for knowledge of ‘how to enter the correct
tables and extract the correct values for two desiqn

- variables given specified problem conditions( Item six tests

for the "student's knowledge of an estimation procedure and

g %ygghe“use “of "the péocedure togdoubleﬁcheck on the initial values
obtained for channel specifications, Item seven tests for

\
~ the student's ability to recognize the reasonableness of a\

.
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m = e

.

result baseld upon a Short cut estimation procedure. Item
eight is the first item to actually require any computation.

Its correct solution'requires-the individual, to use

~

information presented in the or1g1nal problem statement
“ R 3
preced1ng 1tem four and the additional 1nformatlon given in

1tem six.- It requlres the 1nd1v1dual to actually calculate
the top w1dth, bottom width, and the depth of the channel

allow1ng the necessary freeboard To answer this questiorr

- properly, one must know which variables to attend to, which
computational'algorithms tobuse, and again, be aware of the
¥ange of resulting values which are reasonable given the

problem characteristics. TItems 9 through 11 are another

——

-series of similar questions written around a commom problem
situation. These three items test for khowledge of .

proceture, use of rules of thumb to modify models and
computational procedures, and checks on estimaéioneprocedures.

The skills-tested for by these three items are similar to
those tested for in items four through eight, but the
problem characteristrcs have chapged.

Collectlvely the eleven items test, quite well, the ~

[N

level of competence achleved in €he bas1cs of solving these

vy

. types of problems. Yet the time required for this testing

.is small because of the mannér\in which the tasks are

S

presented in the items. * The emphas1s is not upon calcuIatlon,

- — e

-

__V‘__._‘.._._\_

but upon knowledge of procedure and proper practice, although

actual computational skill in determlnatlon of design

-.1!_9.. o
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specifications is also tested. 1In addition, there is a
hierarchy of difficulty in the test items. The first two
items test for basid concepts and knowledge. Later items
test for knowledge and skill in the use of'proper proeedure.
The last items require integration of the knowledge and skill
. t required in all of the earlier items and actual computation,
.. | - of des1gn specifications given different characteristics in
) ' the actual ‘problem Situation. Consequently, the resultsrof

- students’ performances across items te:fs something about

. what parts of the intended learning outcomes /they have

achieved well or not so well, This .is/useful information

for. individual learners in order that they may ‘correct or
v -~

4

lfurther develop their knowledge and ski)l ‘in needed areas.

the summative* evaluation
[
. - of the effectiveness of a given course bh\n the pattern of >

&

‘correct and incorrect responses is examined\across all
students. If there are problems in teaching certain
: . \

( \
procedures or methods in the course of instpuction, these .

are likely to show up in the test results on specific items

(-r- .",x. 8,
‘v‘;.») *n o

Advantages of Multiple Choice Items as Embedded Test Tasks

: or clusters of items.

., . LY . P
It should be cl?ar from the example items in Appendix B

£
and the accompanying text that multiple choice items can be,

wrltten to test for very complex and high level skills as well

- as for recall of factual information.. Many times-multiple

adl e, -120-
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choice test items are written oﬁ?y at the fggtual information
reéal%,level. A test composed of such items does not provide
information on hiqher le&el capabilities such as skill in_
formuiat&qn of a éroblem, using computational procedures
correctly, appiyinq estimation proce&ureé, and inteqratinq
information from several different’sources to make informed
decisions ‘about how to proceed in the'solution of a given
problem.’, Tests composed of items similar to those listed.

-

in the eamp}e tést in Appendix-B are much more valid for °
. such purposes than\are tests composed ?f more typical factual -
recall items.

Tests simiiér to the one‘displayed'im Appendix B are’
also more efficient than other tQpee of lqnqer embedded |
perfprmance tasks.ﬂ Tﬁe reasons for this are that thef'can
be completed in much less time,&ean be scored very rapid}y,
with a standard scoring key; the resmlts can be tabulated

'-and presented to the learner immediately after the test is

- completed (see Chapter 13), and, if properly constructed,

////t;ey are qood approx1matlons to more complex, lonqer duration

performance tasks and work, .samples,

-

Precautlons in’ Develqplnq Multiple Choice and Other Objectlve

-
’,

Test If Items Lo ' . . : -

L 3]

hmmir“ﬁ__W;T“whhrWhenrdeveloplng_tests s;mllarwto_the -one- dlsplayeduln-~

LT

. Appendix B there are a—ﬁ/mber of precautlons which should be

A ]

observed. First, it is best-to develop the individual items
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. from full blown, actual problem situations or tasks. %hat
. 4 ' J ‘ Ly
is, the actual complex and very time consumindq problems which

are usually assigned as homework problems or which are used

as laboratory or demonstration activities, ought/to be the .
basis of the indiVidual and abbreViated multiple choice test
items which are qenerated . One should start with the real

problem or problems representative of the performance domain
3 p

. ©

*.which 1s being taught. Then one should work out ‘these actual’
problems in full. Then one should ask, "In what .ways might

'I break the solution of this problem down into indiVidual test ’

~ }

items of a multiple choice format’ The task is to capture all o

a

- 'the critical-aspects of the decisions and 3udgments which

l

‘persons must make in the solutdion of real problems rﬁ "all of
- A

‘their complexity With a small numbep of test items

-
5 "~ . A

Different parts of this decision making and judgment can often’:
) be captured in different multinle choice test items written |
about one common problem situation. Certain information can

e &

be.given so that the perspn miust not,necessarily do 'all the

actual work required to solve a real problem of the type
‘ . 4

under‘Consideration, but so that he or she muét discriminate

the relevant variables, apply know edqe of procedural rules,

select appropriaté modeis, modify computational procedures

: according .to problem characteristics, and so forth. Beginning .

- .
~ -

\ Y

. 'WIth a real and complex problem, typical of the type ' e

P ansh
e&countered in the real domain of work, ‘helps insure that the - e

’ test ‘items Written to assess knowledge and skill about T

° LY

speCific areaSvoprrocedure will be Siqnificantly related to

- ' -122-~
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intended learnind outcoumes. Cdllectively the itenms should'

be a reasonable test of the breadth and depth of the pcrson s
skill. Basing test items upon real Problems also insures
.that inferenc%s made about the rearner's achievement,from

test scores will be reasonably Valld

[+

If o%g?beglns the other way, by writing only those
multiple- cholce test 1tems one hapoens to think about, ’
without referencing each 1tem in some actual complex problem,
one is likely to generate many factual, recall and simple
.1nformatlon ‘items. In addltlon, the total test comprlsed of~
the assembled items will oftert nbt be very broad or test for
depth of skill across areas of camplex performance Just as ,

is the case 1n the selectlon of tasks and act1v1t1e5\py whiclr

' 4

t0'1nstruct persons and provide them with practice 1n learnlng
2 . °
complex performances, S0 too in test develgpment it 'is best

to begln w1th a typlcal set of complex problems of the typef
1llkely to be encountered by the pract1c1nq englneer Once

¢ 0 .
these problem types have been selected 1t 1s p0551ble to -

[ 4

break.tnem down into smaller componegts for purposes of ,
/ t :

o - >

1n§tructlon or Yor testing of Student achlevemént. Chaptér

lO prov1des detalled procedgres for insuring that both test "

items and 1nstructlonal tasks are sampled from the full
4 bQ ®
performance domain to 1nsure valldity for each, Consequently, -
» ~ I3

no more w1ll be sald about thls methodoloqy‘at tiiis p01nt

A

0 1
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i

‘their correct solution on information presented about a =

I
A

»

Importance of Iteh Independence

Another caution is ncccssary. - For, méthodoloqical

reasons it is important that the 1nd1v1oual test items bn

logleally 1ndependent from one another with respect to a -
- - % N
correct answer on one item. being requlred ﬁor the correct |,

answering of other questlons. ‘That is, one does not wish to

prevent the student from being able to demonstrate knowledge

or skill on subsequent test items becauseahe or she, obtained
a wrong i:Iu2NTH‘resgoniemto_an/eartier item. Consequently,
later items should not requlre correct responses to earlier

items as a condition of the{r correct solution.
1]

This does, not mean that multiple sets of items may not :
I k
be written about some. common problem situation.

<

mean, that information needed to solve a 1ater problem in a

Nor does 1t

series of such items cannot accumulate in subsequent 1tems .

\ E

It does mean that when suc{ information accuhulates it should
L

- «

do so 1n the item stems, and not in the optlons which are

prqsented as Slternatlves from which the student is to chooso.

- g

Items four through eight in the sample test in Appendlx B ..

illustrate this point nicely. All four items depend for

- e

s e

given problem. This informatioh appears in a stem which

preceeds all of the items. This common stem appears prior
X . .

to item _four. Students are told

they w111 need to use this

information fJdr the next four items. To help the student

. N
“ ) _
remember/}hat this Dloek of items goes togéther, all four

~124-
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t

) . )
questions and the common item stem are enclosed in a bracket

on the left marqgin of the test booklet. . Purthermore, -
A
1nformatlon presentetl in the stem of item six IS requlred t

correctly answer item seven. However, in no case does any

\ » item requlre that a student answer any previous- isem

.

. correctly if he.or she is to‘'obtain the correct‘answer to a

RS

subsequent item,

. . ?
It is important to maintain such item indepes ce. If

- ) an entire series of items depends upon the correct- answer to
an earlier item, all of the remaining.series will be ‘ .
<

incorrectly answered if an &rror has occurred in response to

that flrst item, _ The subsequent test 1tems are not valid

P
~ < ° s

.t . ~1nd1cators of - what the 1hd1v1dua1 knows or’ can do under such
N AR v . w v
. - a restrictlon. The value of any 1nd1vidual test 1tem is to

© . N o

@' assess somedparticular knowledge or. skill. Throuqh.multiple. -

L. "items de31qneam

“:skill, it is 90551b1e to make stronq .

. 1nferences about the extent ?f learnlnakof the indi&idual’
] based on the total test score. " If it s of intérest to
determine if the student can dorrectly'work'through'a comple:x
_/serles of procedures, where in’ real life the ‘correctness of .
the next step depends upon thq-accuraoy of therpreV1ous
\ ' s!éps, this can als He) tested: \Howe *>~ it should be testel

N in a separate and more complex>1tem. -Item eight as well as

e




sample test in Appendix B. This complex type of learning

outcome is best tested for by a performince task which

simulates a complete real world problepm.

~
~
.

Gen%i;li%EFiOH of Item Construction'grocedures 4o Other
& y o B ‘ :

Test Formats ' .
It should be clear that one does not néed to use
, -

‘ multiple choice items to, achieve the objective of having a

’

-

%
short hut powerful test by which to assess the deqree of
léarning of students. Each of the multiple cholce 1tems

shown _in the sample test in Appendix B can be used as a

constructed response test iteﬁf’/;het is, each stem for eachj

multiple choice item may be us&d without any of the

Y : . ' .
distractors and the correct answer which presently comprises

. . N\ -
the optlons from which the student is to select. If the
options are om1tted the student must 91mp1y construct the
correct answer. Provided the 1tem*§ﬁems are wrltten to call

for'particular types of judgment, skill, concepts, or

application of procedure, the constructed answer can be short

- . 1
‘and can also.be easily scqred in an objective manner.-—There

. -

is also an advantage in using the constructed response formaq:)

1n that there is less poss1b111ty of gue981ng producing a h

correct" response. On a four option multlple cholce test

v

cons1st1ng of n items, by -chance along a score of .25n will

’ ! — \ o — e e s = S e W o— = —

e e e s e e o e S o e e e

|
occur across persons on trial admlhlstratlons. ' One

compensates for this by ins:riog\that therezége enough itams ‘\(.
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™~ .to test a broad range of knowledge and skill and by setting

an acceptable leqel of performance well above the chance

level. Various metho‘e exist for correcting for gquessing °
~ L

on multiple choice tests. These inveolve éubtracting more

than one unit value of incorrectly marked items from the
~n - . ‘
total number of items marked correctly, but not doing so for

g

v

items the student left blank. Generally, however, it is
better to include enough items on the test and to set a
5 ?rlterlon well above the chence level than’ to corréct tota{
test scores for "guessing" when usrpg multiple choice
formats. . '
If tperclass is small and there is time to administer a
s test- similar to the sampl; test in Appendix/B it is probably
better to do so as a constructed response test. The Seoring
of the&e'tests takes more time and intelligence. However, if
the class is large, and time is at a premium, it is probably
better to use the multiple choice.format; This is becaﬁée

students may place theéir answers on-<a standard answer sheet

whicH may be scored immediately with a hand 9cor1ng key or

-
.

L\by machlne. This is a very rapld and accurate way to proceed

.

& and insures that students can receive the results of theirv
knowledge assessment right away, a basic requirement for

good use of tests for instructional purposes.

- - '~ Whether the tést format is multipld choice or short
answer constructed rgsponse, the most important consideration

is te have well d eioped test tasks in the form of questions

> ‘ 4‘-'127-
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or item stens which have been sampled pr operlv from the
-

nerformance domain beinq tested and whlch also hive been

‘ Jesigned to test for spevlflc skills or knowleda s, %Fs‘
dFsiqned to meet these specifications make excellent emhedilel
test'tasks. They may be interspegged as short qniézes at
key points in the ins%ructional*stquence.f Their use takes-

littre time and reveals a great deal to the instructor and

the students about the achjevement of particular learning

v .

outcomes. For additional examples of how to develop tests
w1th these characterlstlcs, the reader should turn to
Appendlx B8 and Chapters 10 and 13. Well designed abbreviated
test tasks are particularly impertant in short courses where
there is:inadequate time to ase the assignment of homework
problems and laboratery activities which are the embedded

test tasks most frequently used in tradltlonall long'term

courses in technical flelds. ) :

- .

Generalizatdon of Itequonstruction Procedures to Pre-, Post,

-"and Delayed Post Test Cohstruction .

. Most of the details and adv1ce presented 1n this chapter

‘concern;ﬁg how to go about selectlnq and developlnq good
embedded test tasks and items also apulles to the cOnstructlon
. asn|

of pre-fest, post tnst; and deiayed post test items. To the *

éxtent that test items and tasks are developed along w1th

. _‘_______._t.__._ —
T 8
. . 1nstruct10nal tasks and learning agtivities, as hoth'are
, . .8 o
sahpled from the common domain of expected petrformance, the
v .. i
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;domain of performance. Rather, individual items should be

Test items must be properiy representativé of the range of

-g n N ) s 3

test items will be better than if otherwise produced. This
is because test items are actually svecific tasks which are

t

reserved for careful observatlon of student performance Prom
the observation of student performance on this sample of

tasks, the 1nstructor makes inferences about the degree of . "

.~

student learning of spec1f1c knowledqe ‘or skill. Any one test
*® M ’ L
item is not sufflclent to making 1nferences across the entire Co

Y

constructed to determine the student's level of skill or

knowledge in specific critical aspects of the performance.

° . . -

v

knowledge and skill required for effective perforimance of the

complex activity being taught. Student penformance across-a
. ' )

number of well developed items of this type can be valid

measures of -the degree‘of student learniny and the success
1
> ' - e ! 4 -
of 1nst&uctlon ST, !

-

Because test tasks or items are so closely related to
the ‘topics, materlals,,and actav1t13s~o?\{nstruct1on, it. is '

best deliberately to develop test items at the same time one’

-

is developing’ instructional tasks and.act1v1t1es, a point.
repeatedly made throughout this hook and a procedure described

in detail in Chapter 10. It is also best to use these

B X A * . [~
assessment tasks durlng the course of instyuction as embedded

-

assessment<procedures torinform both. learner and>rnstructorr-‘“*—“
-y )

of the progress, acdomgllshments, ‘and problems of 1nd1v1dual

persons in order that errors may be corrected and areas not

:
L | T 2o . -
‘ ¥ R I




in heed of. furthéy instryction be omitted frbm\fﬁfther

-

' instructional activity. TIf such procedures are followed,:
w1

one.develops ‘a larqe pool:of assessment’ tasks and items.,

>

Assemblages of thesb test tasks or items may be prepared

»

and used as time efficient and vyet highly valid ore -testg,,

< . e
*

post tests, apd delayed post Eests.

.«

Conclus1ons . .

b3

Traditional forms of embedded tests including quizzes
and homework problems are common 1nstructional methods. It 3
is possible to abbreviate complex performance tasks into

short and efficient test items by- which to make sound -

inferences about how'much'and what Students have learned
’ following»units of instruction: .It is best to develqp test.
tasks‘at the same time thé 1nstructional activities are being
developed for‘teaching the courseg.- '‘Both test tasks and
1nstruct10nal tasks shOuld be deyeloped from c0mple¢e and o
typical complex problems the engineer will face. in the work
setting. This helps to insure that the test'items which
é%gare developed, as well as the practice problems which are &;
ass;gned w1ll consist,of a range of difficulties and include
: *a hierarchy of concepts aqd skills required for effective
performance. Care should be”’ taken to 1nsure abbrev1ated
tests é%clude items of different difflculty and “that
collectively the test is a good assessment of the range of

content knowlédge and skill which i's desired.
- \ . ‘ ;"

'
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The procedures which apply to the development of good
[ 4
embedded test items also gpplv to the development of test

items for_pre tests, post tests, and delayed post ‘tests.

.

The procedures also appl§ to tests of different formats,

o

[ o

including multiple choice, essay, short answer, and probleﬂg ?
e(‘.

completlon types of items. The main purposes of abbreviat

embedded tests are to help diagnose learner achievement and
learning ;roblems, provide informationton course effective~
ness.usually in a formative way,.and~serve as a part of the

learning experiences and aétivities of students.

Although embedded tests are most useful in providiné

information about how much' and what students have learned or °

not learned immediately following a unit of instruction,
tne information they‘provide can also be used to make
inferences.about the)acnievement~of students in meeting the
overall learning oufcomes set as objectives for the course.
This can be done by keeping a record of performance of

individual~students across all of the embedded tasks1§or

each unit of work. Collectively this record can be used

,to draw a learning profile for individuals and groups.

Under typical situations the profiles of students may be

,expected to improve with time and toward the end of the

course as more information, concepts, and skills are
mastered. %i.

~
[

E 3
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Information of this type is also dseful in de inihq
which parts of the course are most effectlve and which pdrts
heed to be lmproved Programs or courses of instruction are
almost never totally good or bad. They are usually a
mixtunf of effective and 1ess“effective learning activities
and-instructional methodologies By - beiog‘dispersed
throughout the course, admlnlstered after each unit of

1nstructlon, and because‘they are spec1f1c to well defined
sections of courses and particular concepts and skills wit:1 n
these sections, embeddedltests provide diagnostic informat.on.

This information is useful to the students in the course who

learn right away what they do and do not understand. It is

useful to the course instructors in immediate modification
of instructioo to better meet the needs of students. In
addition, it brovides insight into which instructional
ackivities and teaching methods are working well and which

ones need to be improved. For all these reasons, embedded‘

- learning assessment tasks are very important tools, especially

in formative evaluation activities.

" -132-




) Chaptér 8
. : %
POS'I: TESTS, THEIR PURPOSES AND USES
) . ;:' ‘ 7
No matter how ad@quatq{the embedded test tasks may be

in a course or unit of instruction, typically some indication
¢ /

. ' of students’ end’of course achievement is needed. This is.
a summative evaluation function which serves to inform the,

learner, the ins;xnéggr, and appropgiate others -(such as
employers, professional certification agencies, and .o
géverninq boards for éontinuinq education units), the

’

amount of étqdent learning at a barticular boint in time.

. Cumulative Nature of'?ost Tests.
A post test should be cumulative'across the various

levels and sequences of skills and knowlgdge instructed in .
the course. That is, thereishould be items or t@gks which -
test for knowledge gnd ;kill from ail portions of‘the course.
Items should be included requiring: a) recall of simple
Anformation, b) recognition of correct principles, c) uge of
appropriafe concepts and procedures, d)‘férmulation of problem.

situations in terms.of specific and appropriate sequences

f
of ‘activity, and @) correct technical 301%§ion of complex
‘problems. If the post test measures only recall of' facts or
recognition of procedure, nothing can be inferred from the
. <

test scores other than students' capabilities intbhese areas.

Consequedtly, care must be used to.assémb;e post tests which

S133- Y T

o, - . 154




*h
e
n

1nc1ude a proper range of tasks across the major 1evels of

skill and knowledge required for effectiye»performance in the

2

area ‘being ‘instructed. ' ’

* Suppose one i; teaching a short coqrsefon the use of
I‘microproceseors in automated control of industriai machine
- r . . pProcesses. = NOow suppose a post test is developed."(The test , {j
’ items'require naming the "typical componenﬁs of such system:,

recoggizing proﬁer and improper»logical-steps in programming

such sgystems, and naming the producers of° certain types of =
equipment needed to implement microprocessing controls.

After the test is administered, what types of inferences may .

be properly drawn from ekamination of students' performance e
‘scdres? Assuming that the test items are allivalid and‘
pfoperly constructed,_inferences can be made only about the
ability of students to name the components of such systems,
recognize proper and improper légical steps in programming,
and recall the names of eguipment producers. What is being
tested .is naming, recognizing, and recalling certain facts,

principles, andnaames of companies. In no way can

performance on such a test be construed as demonstnating
mastery of actually planning, assembling, and integrating "
microprocessing equipment into 1ndustria1 machining
| production processes. This test is perfectly appropriate if
\~the intended ontcomes of the ‘course are bhe naminq,

recogiizing, and recalling goals. However, if the objective

for tne course is the performance capability of integrating
-134- '
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micfoprocéssing equipment into. industrial macﬁine production
processes, the post test is very inadequate as an assessment
tés(ﬁ '

One way around this problem is to select test tasks to
represent the full range of the instructional tasks developed
for the co;rse, a procedure suggested-in the last chapter on
embedded test tasks and described‘%ore fullyuin Chapter 10.
If one has a range of items parallel éo the various\levels
of instructional tasks in terms of)knowledge and skill ° \
required, a good pbst test can easily be assembled. ‘But if
one has the embedded test tasks and one has used them all
q;ongrduring the course .of instructiop, why develop and use
a post test at all? There are two reasons th a post test,
makes sense.eGen if embedded test tasks have been used

throd%hout the course of instruction.

N
-

Revealing Cumulated Le;rning
A simple su@mation of a student's performance across

all of the embedded tasks mq§ not be an accurate assessmént
of his or her competence achieved at the\end of the course.
The reason for this is that embedded tasks are useful
.primarily for pro%idingﬁthe stﬁhent’ahd the instructor with
informg?ipn about what is bein? learned well and what is not
du;ing instruﬁf}gn. The results of indiv?duai embedded test
tasks often rév;dl weakness iﬁia student's 1e$rﬁing, flaws

-

in khe instructional ‘methods, or inadequacies in the

-135-
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instructor’'s ability in teaching particular skills,
pProcedures, or concepts. When these problem areas are
identified they are usually corrected. When embedded test

tasks or items are used in this manner they contribute
greatly to éff\ective teachlng and‘mastery of key coursé
skllls and knowledge by students. ThlS is a formative
evaluation function, Information is provided by which
future instructional activities of the learner and the
instructor are modified to achieye mastery of course content.,
Thus, students who initially do poorly on’specific test
Atasks or iteéms embedded in the sequence of instruction,
'§hou1d“mdster the areas in which tﬁéy aré'ﬁaving difgicﬁlt;
by the.end of the course. There is a great deal of empirical
research which indicates this is the typical pattern in

courses where embedded test tasks and their results are used

in a formative way. The Personalized System of Instruction

Method (PSE), sometimes called the Keller plan, operates

precisely thisg way. PSI has proven extremely effective for
the instruction of engineering and other technical and
scientific courses (Cleaver, 1976; Ericksen, 1974;

Heimback, 1979; Kulik & Kulik, 1975; Kulik, Kulik, & Cohén,

1979). - -

»

For this redson, a simple summation of all of the

embedded test tasks performances of students is not acGurate.

It provides too low an estihite of students’ éxitvlevel

. 1earnin9. Because of this, nearly all PSI and similaf mastery

r -
L ]
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learning approaches to instruction typically provide some

FAE .
final and..comprehensive test of performance. These tests

usually consist of items sampled from across the entire

co%;se of “instruyesion. The items are parallel but not

identical to the items used in the embedded tests during

the course of instru;t%oq. This ‘insures that students are -

‘ qequ%red to learn generdl ékills and principles- and not

simply the a;raQ of correct responses to a particulan set of
\ iteﬁs, a possibilitf if the same items were used on both - .’/

the embedded test tasks ;and the final examination’or post

-

test. There is much research on the effectiveness of

. = -

-ipstruction which makes use of embed&ed tesg taské in a
formative way coupled with the use of summéﬁive postitegts.
wpere tpe focus of instruction is upon mastery .of complex

. 8kills and perforﬁance capability these thgting pfoce&ures
N are-very effectiye (Gggne, 1962; Grpéan, 19?9; Kulik & Kulik; T

-4

Kulikl et alo f 1979) . ‘ . - "

Measuring Functional' Integration of Kﬁo&le@ge and Skill

The second reason for use of post tests is to provide
- an assessment procedure by which to test for the student's
ability to integrate and use wisely all the comporent know-

ledges and skills which have bepn taught in a course. On
. o 7, -

the basis of individual tests.of separate components .of the

total performance, it is not possible to infer that persons

have learned to put all of these components togéther into a

[ . \
A
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3

skilled performan¢e involving the solution of a complex

~

problem. If one wishes to test for skilled performance in
integration and wise use of the. range of skill and knowledge
required for solving problems of particular types, one needs

to davelop test'items which have t?is particular reéuirement

@

for their correct completion. Again,. increasingly

complex embedded test tasks. of the type incluéed i; the
Hydrology and Sedimehtology course referenced earlier

(Haan & Barfield, 1978) and similer to the sampie test ehown
for one_unit of that course (see Appendix B), can do ?uch

to assess the student's‘abilityAto perforﬁ’the ingegration of
particulars. Good embedded.teSt tasks cumulate across the ‘
course from test tasks of simple and particular knwwiedge

and skill to very complex test tasks requirinq discriminetion,
judgment, integration, eod wise use of a 1erqe amount of
facts, concepts, procedures, principles, ‘and theories.
Performance—based englneertnq educatlon approaches are
designed in thls manner. A series of successful project
activitids and asgessments of complex performance capabilities

..

are scheduled throughout a student ‘s ppoqram The complexlty

of these performance. tasks and projecﬁs’lncreases systematically

as the student progresses (Grogan, 1979). If thls is so, why
would a post test which tests for gimilar ability to integrate

and use course knowledge -and skill visely and well be needed?

°
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The answer is §1mllar to an earller answer concernlng

~

the use of post testg. Even complex embedded test tasks are

i

more intended for practice and instructional diagnosis of
what students need to learn.and what they have already -
learned at particular points in the course than they are for

-

summative evaluation statements-about the overall amount of
1earniqg resulting'fro% the course. Even the most demanding .
and comﬁleg emquded test tasks are typically practice
situations. ?hey arg'usually admfhis?ened in situation§
where the student may ask for and properly receive assistance
if he or she has difficulty‘on any point in'the problem.

This 1is appropriate because the task }s seen as a ‘way to -

o\
dﬁgqnose what the student can or. cannot do in the interest of

achigving'mastery of the course content. Both the instructor

and the student need to know what must still be learned to,

s

perform some complex task co}reqtly and efficiently. “
; . ) ' )
- Collectively the record of an individual's performancet on
these’types of embedded test tasks can reveal much about

the student's rate of progress through the course. -Sometimesy

L3

it becomes clear that a gtudent is having great dlfflculty

A

and progre551ng too slawly. If a student needs.too much
time and extra assistance to master material other students
can master much more quickly, it becomes a serious drain on

limited time and teaching resources. Like'ieey a reéogg
\
of individual student performance on embedded test tasks

also reveals which students are highly competent and rapid

“'139" %
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learners of the course content. vYet when all is said and

done, it is usually desirable to have an’ independent estimate

"of the student's learning at the end

a course to sum up

‘ the overall deggee of learning. The resulks of embddded test

tasks and these\final assessmeﬁt tasks may be combined and

used as an overall estimate of the learning res

e

tinq\frdm a

-

course.” The reasons for needing this summative data have

-

been mentioned before. They include the needs of the learner,
the instructor,.the empléyer, the professional credentialliné.
aqéncy and others legitimately concerned with the degree of
learninqgachieved by the professio;al engineer at the
conclusion of a period of training iﬁ a continuing ediucation
course’ of whatever variety. More will béd{ said about this in

Chapter 13.

Summary of‘Mai; Features af Post Tegts
R - It is apparent that good;ﬁost tests for continuing
‘edusation courses must hava threefméiﬁ features. First, they
should be representative of the breadth and vafious=1evels of
course knowledge and skills. éecond, they shoul& test the
ability of students to integrate all of thié.knowledqe and
skill wisely and with technical aécuracy in the solution of
» complex problems. ‘Third, they should be short, require oaly
a éﬁall amoﬁnt 6f?Fé;e to complete, and permit relatively
quick &nd 6£jective scoring procedures. It is for the third
reason th;t the testing of complex-skills by the military,
' -140- '
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the government, and many industries has come to rely upon(
multiple choice and similar ghort answer objectlve items.
Tests developed in this format, which follow the procedures
laid down in tnis and the other chapters, .are likely to

be gdod estimates of the degree of learning outcomes resulting
from continuing educitéon courses. They are also likely to
be efficient in termé of the time required for>administration
and ecoring.\ In addition,\if used prope;ly{lthey are likely
to be appreciated,,rather than objected to, by enrolleesfinﬁw
continuing edycation courses. Persons who are learning
complex skills and procedures usually welcome the. chance to
demonstrate their newly developed competencies. A latge
majority of thevprofessional englneers,suseyed in a number
of continuing education courses at the Unive;slty of Kentucky
and elsewhere have indicated they have no objection to

being tested (Ferry‘ 1979; Moss et al., 1978). - o

-

b -

Adequate versus Ultimate Suﬁmative Evaluation

.- }

Post tests are needed to: provide 1ndependent and efficient
assessment; of the degree of learning which occurs at the end
of a course. These assessments atre only estimates. The
dégree to. which the estimates are valid and accurqﬁe depends
upon how well the tests have been constructed: There is ne
substitute for‘'the assessment of complex performance.and the )

products which result from that performance in actual work

settings. 'The ultimate summative evaluation of a bridge

Pl
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design is how well an attual bridge‘built-to’the design
v et )

specifications performs over a long period of time, perhaps

80 yeers or more. Yet it is not possible to test the bridge

I

design by waiting 10, 20, or 80 years to see how well it .

actually performs% Rather, one must taEe what one knows ’

a

about bridge design énd construction generally, design small
models and simulations which tést aspects of the proposed A
bridge design, hnd finally construct inferences on the y

basis of these simulations and the'general furid of knowledge v
about how to actuall; build bridges. Then bridges are

bu11t, even though the ultimate evaluatdon has not occurred.

A

- So it is also in the design_ of courses to teach persons

complex skills and performance capehilities. One cannot wait

and. see how well the performance capability has been learned

L

in a 1ong\tern sense by course participants before teaching

the course.again anymore than bridge builders can watt for

i

the ultimate full performance test of a bridge design before -
constructing additional bridges. In both casesvthere is too

little time to perform the total and complete suMmetive f

evalikation. _ - ,
Even the supervisors of -professional : engineers sample -
only parts of the engineer's actual performance for close

3

examination. There is simply not time to obsegve the entire

‘performance. In addition, the supervisor samples, for ;

detailed examination, only some of the pvoducts of the

engineér;s work. . The beginming engineer is watched ‘more

- ]
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closely, the highly exgerienced and skilled’enqineer very

little. It is even less practical for the.continuing
N t ' .
r 3 ‘ v ks ’

] “

v education instructor, br the direttor.of a continuing - .

’
-

educatioh course, to monitor closely the actual on~the- .
Job perfqrmance of engineers who have completed- tralnlnq 1n .

’ .

. .partlcuuar short courses and other types of- conﬂlnulng ,
e ' s . «
education experiences. All that can be done is to construct.

& reasonable approximations to some of the more critical L .

¢ features of performance of some complex procedure. These are “

. ‘usually abhreviated simulations of aspects of real .tasks and -

problems whlch w111 be faced by the enqineef in his.or her 2

work act1v1ty. These tasks can be test items similar to ‘Y
N ' o, 9
those dlsplayed in Appendix B or some other form of more
ot . ; —_
pract1ca1 examination as is often given in laboratory or

v 2

. project ass1gnments_1n technijcal courses. From these types
R v -

°i of assessment tasks . it is possible to make inferences about ‘L -

’

- how well pParticipants are leapning thé skills and knowledge .

- ’ which are the 1ntended.learn1ng outcomes for spec1f1c

s

CODtthlnﬂ education, courses. - ' o
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e Chapter 9

)
DELAYED POST TESTS AND OTHER ASSESSMENTS

OF LEARNING OUTCOMES

N

?

No métter hoh #xcellent are:the results of the initiai

“

materials and methods, the persons, 1nvolved are- keenly

>

tests of a new brldge de51gn whach uses n\aw constructlon7

-interested in the actual performance of the 'bridge once it is
in .service. Consequently they Observe .it closely, note any
problems, ‘and modify designs for future bxidges. There is a
para}lel for persons who Qevelop and- operate continuing
e;ucation courses. No natterxhow popular tne course, or

how positive the initial summative evaluation, it pays to
monitor‘the performanae of persons who nave completed‘the
course to learn more about the need for the course,tthe
degree to which course cont &t and principles are being used -
in sound and proper ways, and the general’value of the course
to the engineering populatlon it 13 designed to serve. This
constitutes the first goal for delayed post tésts or other .
delayed e:sessment proceoures. The information foom these
fol;ow-up assessments reveals not only what the participants
have learned, but also whether they are able and willing to
put this knowledge and skill to ‘use in their daily .work

activity. . . '

Conplex,Skiils“Improre with Time'end Experience -

There is another reason for the use of delayed post

tests or other types of follow up assessment procedures.

-144-
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‘Many'of the outcomes for continuing education courses in
- ‘engineering are very complex performance capabilities. These -
capabilities are.based'upon the proper conceptualization of
Jnany facts, relationshipsj and concepts; and upon the ability
to apply many principles and theories to a wide range of

practical situations. Since these situations are very

diverse, many t1mes modificatlons must bé made in procedures,

principles, and models 1f.part1cular problems are,to be

3

solved. No one course cdg offer the range of problem
1

sftuations needed to ful instruct participants; The high .
levels of competence in applying course content and know-
1edge to the entire range of situations 11kely to_ be -
encountered in the real work setting come only with much
appropriate experience. The learning activities.included
in any course are also only partial samples of what must
really be experienced and understood if perﬁormance in the
domain under consider%tion is to become highly expert. In'
such situations the usual goal is tp make the atudent very
familiar witn the basic features of what a good performance
is across a finite number of realistic situatiens. 1In
addition, one-usually also tries to teach something of the
background, theory, pr1ncip1es, and varialbles which help
‘the;engineer understand better why certain,procedures work

well and others are not particularly suited ‘to the solution

v of certain types of problems.
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It has long been known that when skillful performance
of complex tasks is the goal of instruction, quality of the

| 4 .
£ ] . ]
performance usually increases after formal 1nstructlon is

completed and the person has returned to the )ob or continued

to pursue study-in ? related area. Simple facts and recall
of 1nformatlon decresse rapidly with time after 1nstruct10n.
Yet, retention of p;lnciples, techniques, and skills in

. complex performance areas typically incre;ses and becomes
eveo more polished long afterbfogmal instruction has ceaeeq,

provided they are used.

.Tyler (1934) performed some of the early empirical

e

studies which revalea this principle. He found  that

college students in a zoology course forgot 77 percent

of the factual material such as namlng parts of animals,

a year after completion of the course, However, there-wgb

no loss in skill in applying ppinciples or rules learned in

the course to new situatione not encountered in the course;
even a year after the completion of the course. In fact,

'\ Tyler's studies showed a‘25 percent gain in the skill of
propéerly interpreting new experimental designs ln hew
CEE;;Sf a year after the course had been completed (Gage &
Berliner, 1975, p. 143).
The same rasults have been observed many times by other

L

r%aeerchers.‘ Qomp1e§ skills, principles, and procedural

w‘*t-u.;‘;i‘g’ethods are difficult to learn.
X I}

. these skills and know how to use them._

One cannot simply "look up"

They come only with’

~146-
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much effort and‘guided practice; ane they get better ‘with
time and experience after instruction 1s completed in the :
formal sense (Cole, 1972; qun? 1968, 1965, 1974). - Reading
is one example of a complex skill with exactly these types
of properties. One‘cannot "look up" how to read. It is a
complex performance consisting of man& sub—skilfs which must
be integrated into an efficient and smooth performance.
These’ types of complex learnings have been referred to as
"process skills" because they are generalizable ways. of

. . . A
processing information and solving problems. Once learned

; .
they are.yery-resistant to forgetting or what psychologists

call extinction. hey typical ain life long, and are

used conﬁinuously. Like good wine, they improve with

time (Cole, 1972). .

Measuring Growth of "Process" Skilils

Because the skills being taught in many continuing
engineering education courses are of the “prbcess" variety,
it is meortant to 'determine if partic1pants wha haVe com-
pleted the course some time ago are growing in the skills

! they acquired initially’ during the course., If they are not,
it probably means they are not using the information and
~skill offered in" the course in their work. This may be a
good indication that the course is not\ssrticularly needed
or releyant; Of course, this may be true for some courses

and not others, Again, it must" be ramembered that

\. some engineers and scientists enter even very technical and

. , | 2147- _ ,
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specialized colirses not beciuse of the desire to use the
information learned in their daily work activity, but simply
because they are curious orhchsh to become more broadly
informed. However, if it is presumed that the main reasoh

for a continuing education qurse is to upgrade specific

<~ knowledge and skill reiated to increased competence in some

y
3

‘engineering activity specialty, failure to ﬁse concepts and
. k *

: skills acquired in a course by large numbers of participants.

\ -
' over replications of a course is damhing. If the course is

-~ N

central and vital to better performance, participants should
at least not forget or perform mcre poorly on a delayed post
test or other assessment procedure.compared to a post ‘test.

Ideally and practically, they shculd improve in their

performanﬁs_ particularly if they are applyinq course
prinéiples and procedures frequentlv in their work activity.*
It must also be remembered that participants will apply _

selectively that which they have learned. All of the know-
V R
<X 1edqe and skill dcquired in a course may not be routinely

used on the job. However, these, portions of’the course which

t

, are relevant to the work activity of the engineer should
‘ h

come to be learndd very well.
Now that we have examined two reasons %?r_the use of
, [
delayed poSt tests or some other type of assessment procedure,

3

let us consider other reasons for such assessments.
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Purposes for Assessing Delayed Learning Outcomes

Formal administration of tests dAeveloped and used”eérlie:'
as post tests is one method of deter&ininq how m;ch of -
course content and skills is being used.and retained by past
course pgrticipants. Iglsuch a proceduée Is carried out, one
would not usually test all participants from past cohrse:
sessions. Rather, one would sample from among Eﬁose persons,
mail out the test, have. persons tomplete the test, and return
it for écoring. Generally it would be of little interest to
the“practicinq enqineef,and his or her employer éo.partiéipate
in such derg}ed post teséinq as a means of assessing the
individual's competence in complex performance areas. As
wa; noted ‘earljer, it is the daily observation-of thé
enqineer’é performance and the products of the performance
which consfitute the practical evaluation carried out by_thé—
engineer, his or her colleagques, and the employer and clients
for whom the ‘engineer works. lThis p;actical evaluation and
the tacit understanding which it produces among all of these

groups is tHe mest. meaningful and’siqnificant delayed post

test evalpation. If a course is found wantinq\by'fhis tacit

] 1

evaluatdon\procedﬁre among thesesqroupé, it will not be.
subscribed in the future.and it is, in fact, funétiénally
judged to be inapprop;iate to needs of pracfigioﬁers;

‘ Why then, wouﬁd it be a@viéable to administer a formal
dqlayed éostxtest? Why would p;rticipants of past courses be

willing to engage in such an activity? The answers to these\‘

-149- ' - ,
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questions have to do.with the need "to conduct formal eunmative
evaluation o% codrses,and their.effectivenese by those who
design and: teach them: The central issue is the evaiuation
of courses, not the evaluation of persons: A formal testénq
of the knowledge and skill of a sampling of past course

participanté‘can*tEll,the course instructors and developers
\

if the content and procedures taught in the course, are,

‘ .
indeig, being practiced and learned to higher lewels of

Eompetence by participants after returning to the job. 1IFf

-

this outcome is.a goal for the course, it ought to be

measured. If the outcome is achieved as indicated by an

1mprovement in the scores of partic1pants on a delayed post

 test, this information can be very mseful. It can provide

some-indication of about how much additimnal practice is

Pd 4

required for partlcipants to become facile with the content

v

and skills of a given course. This 1nformation can be made’
pub}ic to potential fature participants and employers. In -

that event both may have a more reasonable expectation about

i

whht to expect as ‘an 1mmediate learning outcome for a

particular_short course or similar experience. The
v

information also -communicates what may be rgquired in the

way of on-the-job- leanning following the course experience
tozhelp the particibant become competent to high levels. of
expertise in a given Skill drea. This approach is especially

'

important in situations where there is a great amount of

complex material to be 1earned in a sho;t time. . K

-150- .. S

|

[}

171

&




The "Hydrology and‘Sedimentology of Surface Mined rLands"
course is a éood example (Haan & Barfield, 1978). The
material in this course is so cbmplex that all that can be
expected as a reasonable immediate ocatcome for the.ithree day
short course is that participants will understand how to
epproach the de31gn of drainage systems and storage 'structures
using the latest thlnklng, models, and technlques. Thorough
familarity with therappropriate methods\and procedures is the
immediate goal. In additien,~the course textbook is really
a technical manual which contains ai} of the information;
models, procédureSg'tables& computatiomal algerithms, and
rules of thumb typically needed to design any drainage and
storage system for any surface mining operation on any
type of topography, soil type, and climatic condition;
Therefore, a major outcome intended for the short course,
as an immediate objective, is great facility in knowing how
to use the manhaljﬁ?This invelves know1ng how to 1ocate

ﬁ e
appropriate information: from charts and ‘tables, knowing how !

" -~

to set up a pProblem given certain conditions and ranges of

values in parameters such as rainfall paeterns, soil types, s

slopes, local ground dover, and relatdd matters. At the
end of the course, all particxpants should be able to
demonstrate high levels of competence in the correct uxe\sf
the manual for a range of sample problems.

These sampi® problems are the tést tasks which are

embedded throughout and the post test tasks found at the end

-
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ofgihe course., Yet, ability to perform well on these tasks
does not insufe continued growth and facility in actually
designing good drainage, diversion, and storage systems for
*surface run-off in surface mining operations. 1If ﬁhe initial
course objectivés are achleved the participants are equipped
to begin to improve their actual desxgns in this area through
the use of many new conceptual and procedural tools presented
1n the three’ day.short course. Actual proper use of these
tools will occur only if the partieipants return to’their
work seteipq'and\contrhue,to design such systems and apply

the tools and skills they have initially acquired.
-

Work Samples as Altérﬁétives to Formal Testing

Another alternntive to the’gdminlstratlon of a delayed
post test to participants after the completion of a short
‘course is évaluation of actual work saﬁbles. Enough time
should have elapsed to allow for the participants to .

actually have engaged in the regeeted application of the

skills and Knowledge learned in the course. Actua{ work
N 3y

samples from on the job performance are collected and
evaluated. For exahple, a random sample of past course
partlcipants can be asked to submlt a- recent actual dralnage
and storage design for a surface mining operatlon whlch
‘they had prebared. ‘These actual products of englneers

3
performances can be evaluated and scored much the same way
\
a lgboratory activity of students is scored. ' Persons who

f
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teach the course can determine to Qhat extent the concepts )

and .skills in the course and the technical manual are being

used prpperly and eff1c1ently Common errors or

misunderstandings can be noted by instructers. This . -

procedure constitutes the best possible delayed post test .

assessment of the partieipants' abiljty to actually use the

course content and skills in ways to improve practice.

However, the procedure-.is time consuming and difficult. It
C o

might take as long as a day to "grade" and_evaluate the' ‘

design of any one engineer for a given complex problem.

Certainly only a few such thorough evaluations could be

carried out in terms of available time. The valug,of such

activity would be primarily for a, stronger summative N

°

evaluation about the effectiveness of a course than could be

obtained from an end of course post test alone. Again the

interest in carrying out such delayed post testinéz}s for

the evaluation of courses, not persons. ' )
] )

. - . . ¢
Advantages of Abbreviated Test Tasks for Delayed Assessment

A more efficient alternative to the evaluation of actual .

work samples of past participants' performances would be

.administration of '‘a good parallel test similar to th% *
embedded test tasks and post’ tests described in the last

chapter. That is, these test tasks or items would be

abbreviated to require only a small amount of the participants'’

) qime. These tests should be constructed to the same

specifications as indicated earlier for pre-test, embedded

% - -1s3- . e
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test, and post test items. Because an.assemblage of sucl.

items could be completed fairly quickly, and because the
items could be cast in such a manner that they could be

scored objectively by use of a multiple choice format or

a

some similar ,short answer objective format, the course

develooers could very qulckly evaluate particimants’

performances. ‘What would result is some‘indication of how

L4 much retention and growth occurred in the use of coursé
‘ conceptg and skills after Yettirn to and use of the course
s . Y//’:/ ' e

content on the job,

- 1£ is importaptfto nqte’that one~would want to insure
that tﬁese persons sampled for:ady tvpe of delaved post .*
e - testing procedure are actually engaged in work activity which

-calls for or requlges the application of the course concepts \
and skills which were instructed in the short course. If
one sampled many persons who .worked in areas which did not
involve the‘use of the conree content in thgir work, one

' 4

would expect no addiﬂional qrowth in skill or knaowledge level.
: ~

Therefore, any delayed post testinq° ‘or other type of

~

assessment of the stabillty and qrowth of courge concepts

1]

and skills, shquld always, be acbompanied by procedures for

. Obtaini some other types of information about the
+« individ 's use of the course content in his or her work.
-154- -
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‘Questionnaires, Surveys, and Interviews as Delayed AsseBsment

Procedures . - ’ .

.Questionnaires asking about the frequendy of use of

course content directed to the past participants or their

supervisors are very appropriate. So are other questions

1 4

asking about the critical nature of the course content and

,skiils. ”Examples of such questions include, "How frequently

~

do yoy use the content,,skills, amd procedures iearned‘in
the ﬁydrelogy and Sedinentology course in your work?" or ?in
the last three months; how many times have you been faced
with a problem where_some\knewledge,éskilly or procedureg
eneguntered in the Hydrplo§§<énd Sedimento}qu course was
'eshential to the soiﬁtion.of the-preblem? Appendix A

¢ \
contains many examples of these types of questions which can

o

-~

Ae used to collect information from past partlcipants and
their employers concerning the degree to which the course
content is meaningful and centrally inyoyvedhin‘ongoing work’
pei‘fprmance.c Pastweourse pafticipénts should be asked
questions"ebout,the degtee'of critﬁcal usage of the course
content and skills, the frequency of use, the degree to
ynich participants.have reconmended other colleaques'
.attendance at replfcations of the pdrticular short course, and o
, how useful the course was to the1r ongoing work acticity.

-~ P

The responses to these types of questions are very informative.

Information of this type should be routinely gathered aud

used along qitnvtest data as part of the delayed asséssmént

»' =155~ - )




: ’ of the effectiveness of short courseS\and other formats of
continuing engineering educatlon course€s.
Data on these tvpes of dimensions can be collected from s
" sSystematic interviews“conducted with saﬁples of past _ »
participantg or employers by telepﬁone. "Written .

: . .
questionnaires and surveys*may also-he used. In either case,

'

engineers and their employers are usually willing to ‘o

>

participate in such activities if it is clear to them that

the persons conducting the survey are seeﬁ;nq information

”

rabout the value of particular short courses to better meet

/s

the needs of practicing enqlneers For the same peason,
these groups are willing to partibipate in the completion of
P formal post tests on course content and skills and to submit

actual products of on—the-job work performance for evaluatlon -
o !

by course instructors b ) o ‘ 5

« . - Cl a

.o
- . -

Role of Deiayed Assessment Activity in "Needs" Assessment
’ /

Systematic gathering of such information makes the- tacit
) .

evaluation of a given ghort course very clear to the

[ 4

devedopers of the co rse and to those who directaand’ operate
continuinq educationﬂLroqrams. In addition, routinely seeklnq.
such information ﬁrom samples of past continulng education
~ coyrse partic1paﬁts and their emplovers conveys to both
o A groups a since#e interest in the needs of practicing e

/ . ., ’ . T
- engineers on /the ‘part of continuing enqineetﬁng educatadrsg,

Needs assessment is an often used and abused term in the




»

jargon of conninuinq education. It is ‘often 1mp11ed that all

1 p -

that is necessarv ts to "go out 1nto the f1e1d" and f1nd outi

. what it ¥s that prospective clients for continuing educat:on

courses "need" or. "want". There is no' better way to’ be

«

. . . . . - ’ ? VR
involved in needs assessment activities, other than continual

interbotion with past participants and their employers

(3

concerning the outcomes, intended and unintended, of courses,r

'already in operation. If courses are developed and operated

which serve well the funrctional needs of professional g

/ -

enqlneers, and if follow- ~up act1v1t1es on the. part of the,

.

persons who pperate continuinq education programs convey a -
sincere. interest in making these courses even more effective,

"new opportunities to develop additional courses and

- LS .
continuing education experiences will arise., [The value of

these follow-up interactions.with participants and their

r

.employers is -high for both the summative evaluation ¢f the

degree to which given courses have ac¢hieved intended long
term godls asg %ell as for ma1nta1n1nq an open and easy
communication bhetween the staﬁf of cont1nu1nq educatlon

K

programs and the cllents they serve.~

»

Conclusion -~

‘Oftentimes persons in professional licensing organizations’

5

"and academlc circles tend to attribute more credublllty to

- 4 - Y

the results of formal test scores given at ‘the end of. courses

A S

as measures of learning outcomes than to ;nformatlon galned

4
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Aruitoxt provided by Eic:

from the Evpéé of Eolloy—uo and delaved assessment procedures
which have been deseribed in this chapter. 1In realiﬁy, pofﬁ‘
types of information are needed if one is to make reasonable

inferences about the deqrees of learning which results from

a particular short course or similar continuina education .
experience. , \ /
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Chapter 10

DEVEDOPING VALID AND RELIABLE TESTS FOR T
ASSESSING LEARNING OUTCOMES . :

>

[

Barlierlchapters have set forth many procedures/tor
making valid inférences about learninq outcomes\resultinq
from continuing education courses. There are other ways of
‘measuring learning outcomes resulting from continuinqi i
enqineerinq’education courses besides formal testinq. .Some
of these alternatives have been described ‘previously. Yet,
\formal testing is one Qay by which valid and reliable
assessments of learning can be made i;'an efficient ﬁanner.

\ De!elopinq tests,which perform in this manner is a demandind
task requiring much time and expertise. HoweVer, if a . ‘
particular short course or o6ther type of continuinq education
instructional activity is bo be replicated Jnany times, it ;s
worthwhile to develop pre-tests, embedded tests, post tests,
and- delayed post tests. The utility of these tests is

. primarily for assistinq in the business of instruction by

,.determining What it is participants have or have nottlearned :'.
and whéch methods and procedures- are most- effective in .
achieving-desired learning outcomégif‘ } \

The remainder of.this chapter presents a set of ,
progedures by which to construct good tests useful for makinq
inferences about levels of ‘skil}l and knowledqe in s ecific

- performance areas. The procedures apply to the development

-159- -
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of pre-tests, embedded tests, post tests and delayed post -

~ tests. 1f. the procedures are properly carried out, qlarge
pool of good test items can be developed Thesé test items
can be- assembled into parallel forms of the same_test. The
parallel forms should be’ the’ same in terms of the performance
’capabilities that they test for. They should be different in
that the individual itemg and tasks of which they are
'comprised, alt;ouqh drawn from the same performance domains,
represent different problem s1tuations. If test items are
prbperly developed ‘it is possible to ‘use the parallel forms
of a test interchanqably for certain pre-test, post test, and
delayed post test functions. This means that the effort
expended in developinq gaogadod test item\pool for a frequently
tauqht course-is a good investment althouqh the initial
development of the item pool is comtly. DRI

subsequent sections of this chapter deal with each of .

the first four main- steps in a procedure for developing i N
valid and reliable tests. Chapter 11 deals with the fifth p'

%“step. gll five main steps'and the varioﬁs subéteps are'
presented in Table 3. ’The procedure listed is’gpsed on many

[y

years of test development activities by many persons. There

P Ny

is a rich theoretical and empirical literature which supports

7

the procedure outlined. The presentation in these two

chapters is'simpl%fied and basic. Persons wishing more .
. < . . ® ‘\ “' . l - .
detailed and techniial presentations may wish to mefer to. .

1)

other sourées such as baqk issueelof the Joultnal of

. ‘ ) -160-
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| Objectives co -

B ﬂ’III.f_Extefnall? Validating Test Itané-and Tests =~

Table 3

‘_:Steps for Developiné Pre-Tests, Embhedded Tests, ,
Post Tests, and Delayed Post Tests, by i
Which to Estimate Learning.Outcomes

' -
°

2

I. Stating Course Obfectives in Performance Terms =~ \

Determine desired course objectives. g
_-a) List the specific desired learning outcomes in
" terms of specific performance capabilities.
- b} State operational criteria By which adequacv of
the performance is ta be judged.

~ - = "I ~Mapping Tqu:Items to fhe Full Range of Performané%"‘

. »

Idantify, cgilect, design, and sample from realistic .
problem areas test tasks by which to measure the specific ’
performance capabilities listed in step one, across all '
.topics and skill areas.- - b )
a) Construct a performance by test item matrix to .
’ insure proper and complete coverage 3f performance . *
objectives by test item tasks. -~
. B) Examine the test tasks which have been selected .to
- Jdnsure they are parallel to instructional tasks hy
. .which the performance capabilities are to b :
instructed, L ‘ ‘ .
. C) Examine the test tasks which have been assembled to ot
. ‘insure they have: been properly abbreviated from N
- .-, ~more complex .real life problems: Test items must !
. ' test for britigsl knowledge and skills in the -
. . perfébrmance of) ™real d" tasks, Yet, they must
. be able to be tompleted in a short time, -usually a
- .. few minutes at most. .ot -

- t

ce Validate the test ‘taskd initially assembled into a test
., to insure the ‘test measures-what is being taught in
’ * the course; ., L s . 7
) a) Identify other persons:expert 'in the content of the
< P ‘course, ° o’ .. R SR
' b) .Have each expert examine the cqursde Coatent,
ohjectives, and ipstructional tasks aqainst the array
L of tesy{f items- to locate any areas of omission or
. non-compatibility betweén instructional tasks and
* . .. goals and tedt .tasks by which to measure learning

P

. . towaid these goals.
. . . -rel- 1e2 ..

/




Iv,

<)

d)

+

"have difficulty.

| Administer

. Tabie\3 (continued)

sample of persons expert
performance capabilities of

Identify another small
in the content and
the course. ) .
Administer the initial assemblage of test items-or
tasks to this-second group.of experts. ‘Score
their performance on each item. Note problem
ttems where the experts answer incorrectly or

Interview each expert and secure his or her .
suggestions for- the improvement of indiv}dual )
test items and the.overall collection of itemg.on
the test. Revise items and the test accordingly.
the test items to a natwe group of

persons who have an engineering or scientific

-

- ‘background But-no particular expertise in the area

of the performance outeomes taught in the course
under consideration. Score the performance of
each naive person. Note items which are answered
correctly by this naive group. Insure that most

of the items on the test are not of this basic

br prerequisite typ&. Rewrite or prepare‘new - ‘
items that test for knewledge and skill taught in
the course, rather than some more general knowledge
or performance capability, . .

L]

. \ a
Assembling Itams Into Different Types of Tests

,Examine each test ‘
" +it into one of’thmee categories, from the staddpoint of

item which has been develdped and- sort

the level of knowlwdge or skill required for saccessful

completion of the item.

1)

3)

These categories include:

Zéems which test for only basic knowledge and
.y8kill assummed upon entry into the course, :equi;ed_

for sugcess in course learaing activities, and
therefore, not instructed in the course. :
Items which, in addition to 1, test for knowledge
and skill outcomes which are the ppecific - _
performarice objectives for the course and which .
all persons should be able to respond to correctly
after oompletion of fhe course. .

More difficult items which, in addition to 1 and
2, test for knowledge and skill &hat may be -
expected to improve with practice after the short
curse is completed because of application of

course principles and kn6wledge om the job.

&




+ - 1\
’ Table 3" (continued) , "
2 a) Sort all items into one of the three cateqories.
L b) Determine the number, variety, and function of
’ all tests needed for assessment procedures :
including pre-tests, embedded tests, post, tests, &
and délaved post tests. ‘
c) I1f desired, assemble items from category one into v
a pre-test. This test would serve only as a
] screeaing and advising device. It would be
- administered prior to a participant entering a
‘ course and its results used ‘to make judgment about °
sufficiency of preparation for course activities.
d) Assemble a comprehensive pre~test, a comprehensive
post test, and a' comprehensive delayed pest test
by using items from all theee categories. ‘For~
. each test most of the items should be from -category
two, but.there should be some items from category
one, and 3 as well -8e insure a proper range of
easy and difficult items. Insure that each of
-the three tests, with respect to each other, has
aniequal number of parallel jitems from categories
1, 2, and 3, - ) :
" ¢) Administer and use the three assembled .com-
- prehensive test forms interchangeably as pre-tests,
-post tests, and delayed pdBt tests for different
gmoups of participants on replications of a .
- %ourse,.or use each test form for one-thied of
) the participants in any given large enrollment - .
- , course -- the®pre-, post, or delayed post -. .
. : test role. - , '
f) Assemble any embedded fests useful for ongoing
assessment of learning during instruction by
dr#ing items from categories 1 . 2. Note that ’
. in later stages of learning, it which were -
. initia¥ly in category 2 move to category one. Be’
) , sure to use items parallel to but ndt identiéal
to the items sampled for the .-three forms of the
: . comprehensive tests 'to avoid "teaching for the
: test." . L i
_._> - “ -~ . ‘ . ) ?
- V. Conducting Item Analysis and Test Reliability Studies = *

Using the data collected from test administrations to
actual groups of oourse participants: .
a) Determine item diffftutty to each item. . _
b) Determine the ability of each item to discriminate
: between persons with a good understanding of the
subject and those ‘with a poor understanding of the
course cantent. - : :

\ -

N

~

~u—
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TaSle 3 (continued)

c) Determine the reliability of the tests which have
been assembled by various procedures, modified to
be appropriate to criterion referenced testing
and mastery learning approaches if that is the
intent of instructdon.

d) If needed, modify and rewrite individual test items
to produce appropriate levels of difficulty and

° discrimination across items.

e) Compare the various forms of tests which have been
developed, such as the tomprehensive pre-test, the
comprehensive post test, and the comprehensive.
delayed post test. If the tests are parallel but

' consist of different items, each may be’consideréd
an independent measure of the same performance
capabilities to the degree that all three test
forms are highly correlated with one another in

Any one role. That is, if all three forms are used

with three different groups as a comprehensive pre-

test, the same results should be obtained by all
three forms in this pre-test role. There should

be no significant.differente in pre-test: scores of

équivalent randomly selected groups of beginning

course enrollees on any of the three test forms.

Likewise, any- of the three test forms which have . .

been developed whould achieve the ‘same results

with course enrollees when alternate forms are .

used in any one role (post test or delayed post

- test) over replications of course offerings.

f) Plot individual studefit and group mean scores for
.\, Pre-~test, post test, and delayed post tests against
. rank order of participants on. some external :
‘.qritgrion,of performance, or against rank order of
the post test, across replications of the course
with different groupsodf partidipants. If the -
course and the tests are designed properly, post
tests and delayed post test scores should be higher

than.pre-test scores om comprehensive pre-tests.’
If this pattern does not occur there is a serious
problem with the test or with the instrifetion or '

"both. -How high the. performance scores should be

to demonstrate mastéry ofi the test forms is a
matter of logical determination. "Mastery may be

.8et to be equivalent to.- the average score obtained

by experts in the course content in step III above:
Mastery may also_be set at an arbitrary level ‘such
a8 an .average of 85 percent correct completion

.0f all test tasks. . K

. i * °
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Educational Measurement, the leuding journal in this area. =

‘ Many good books are available such as‘Thorndike's (1971),

Measurement and Evaluation in Psychology and Education,

Maratuza's (1977), A _Eplying NOrm -Referended and Crtterion

Referended -Measuréement in Educi%ion; Nunnally's (1972),

Educational Measurement and Evaluation; Marshall and Hales'
: : )

(1972), Classroom Test Consttuctién: or Tyler and Wolf's

(1974), brucial-Issues in Testing to name only a few,. The \
Amesicat Educational Research Association ﬁgnoqraph Series on
Curriculum Evaluation, volumes 1 through 5 published by Rand-
McNally, is another. source of. excellent articles on this
topic. (AERA Monoqraph Series, 1567-1970).,

The proceduresﬁbresdﬁted are ideal In actual practice,

one cannot always employ all.of the steps 1listed. However,

. attention to the procedures wiil help insure better tests

. by whicH to measure learninq outcomes of tny course‘

\

" Stating Cou&se Objectives‘ln Perférmance Terms

«The first task 'in the developm?nt of a learning

'assessmentxtest for any course, as well as the developﬁent-

of the coursevitself, is to specify the specific per formance

capabilities which are to result from instruction. The

)

'particular pefformance capabilities of the student following

instruction should be listed in "action verbs" (Ggqne, 1965-

\Gagne, 1967.; Gagne & Briqgs, 1974 Mannigq,clgzgj/;ebb 1970)

Action Verbt clearly point out what it i e pexrsan will be

able to do afteriinstruction. They provide a convenient way

-
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\
td capture‘the essential features%of a performance in
operational terms. Any one action verb is not sufficient
to describe a complex performance in operational terms.
However, a carefully - selected array of action verbs can offen
'provide a good guide to the selection of instructional
activ%ties by which to igagh the essential elements of ‘the.
performance and alsoithe selection of. test tasks by whéch

to assgsess the degree to'which the performance has been learned.

Examples of action verbs dnclude calculate, design,

construct, compare, recall Select, organize, recognize, and

so forth. How oene uses these on similar action verbs to
describe the specific performance expected to.resnlt from the
instructional activity is illustrated in Table 4. The
action verbs listed are those for the first unit in the
"Hydroquy and Sedimentoloqy" course (Hahn & Barfield 1978)
describe@ in earliér chapters The objectives listed ig Table
¢ are sha bapis for the sample test itm in Table 5. |
Each objective in Table 4 includes one or more actioh
:verb in a statement of what the learner should be able to&do

14
given certain problem conditions and availabbe resources in the

forms of  form las, computational alqorithms, charts, and
tables..,Colizctively, the objectives define the expected
performance/outcome capabilities which ghould be achieved by
students. at. the end of the untt of instruction Furthermore,
these dexcriptions are‘stated in very operational terms. The

test items in the. sample ‘test in Table 5 and’ Appendtx B are '

\
\
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Table 4

Perfqéﬂgzge Objectives for Open Channel
Hydraulic Structures Unit: An
Illustration of Test Construction Procedures*

= - [
. . .

. . JDescriptian of the Performance
Objective- . Action Required and the Conditions
Number - Verb(s) Under Which it is to Occur

-

. 1 Describe What happens to the value of
. . Manning's n when the boundary of a
channel varies through ‘a range of »
' . ‘ structural conditions inciddding ’
- 8. . different types of vegetation, non-
. .. : vegetated soil aqgregates, and .
. Y : - . man-made ‘¥ining materials.- - -

4 ‘ . ‘
o 2 aRecall, o The typical profile-of flow //¢“>>>
. Recognizée Yélocities (fps) for hydrologic 4
. o - : channels of variogs cross section . B
) . . shapes at typical slopes. ' )
3 Describe The relationship between retardanck
. ' Adjust - and flow.rate in an hydrologic
) Calculate channel and make adjystments in
. . N, design specifications (depth} top
width, hydraulic radius, slope,
] . and cross section) to produce -
. " desired freeboard -and channel
v o ., Performance given changés in
retardance or flow rates. 7

4 Calculate By. the limiting velocity method the
: ) permissible flow rate for channels
. . given, various slopes, required
‘cdpaé&ties, boundary conditdons,
s0il: tgpes, and channel cross

. : T e ", sections. . .

5 Calculate By appropriate methods and proper
o - . . . use of tables and charts provideqd,
: - the value of Manning's n for any
type -of channel given the boundary
\L T . . characteristics,.

L] - b

Y P \ ‘ 0y
*8ee Appendix B for details about how the performance
oo descriptions were developed and how test items were designed
to- measure each objective. .

e -167-
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Objective ~ Action
Number Yerb (s)
Q Calculate
3 , :Calculate
o . 8 Design,
¢ ) Diagram,
. Label
o r -
i e g '
9 Recognize
‘ 10 Use
' ‘Select

\ Doublecheck

. Tahle 4 (continued)

-

‘ r
Description of the Performance
Required and the Conditions
Under Which it is to Occur

The hydraulic radius of channels of \
differing gposs sectious according

to the appropriate modification of

the basic computatiodnal .algorithms..

The design specificatigns for any
givenh-channel including the values
Vp, R, S, D, T, and necessary free-
board given the specifications far
~-any two of these values and |,
inéormation’about soil type, :
topography, etc.
A_hydrologic channel de d to
pﬁifbrm,tq_stated‘speci_ cations
under stated problem conditioms.
similar to those listed in item
g above, . ) :

The reasonablemess of design ' ,/
pprecifications obtained .as the 7
solution- ¢o a particular design p
problem i?vplvihg a_ hydrolégig
channel givenr the problem variables.
‘Appropriately, computational short
cut procedures, computttiongl o
algorithm®, and graphic solutlens to
complex equations given a yariety

of problems involving the design of i
hydrologic channels under widely .
differing condttions of rainfall, °
soll type, slope, etec. - - '
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‘a

desiqned sﬁ@bifically ta measure the degree to which these

learninq»outcomes have been achieved. - Study of the sample

8
test items in Appendix B, the accompanying textual material’
in the lppendix, and Tables 4 and 5 in this chapter provides

one- illustration about how the essential features of a

-

N

.complex performance may- be operationalized and translated into
\ ’ .
igs

specific learning assesament kSﬂ in this casef particular
test items desiqned to measure each action verb pazformance

‘ Ay
statement. . | ‘

<y n

—_———

Mapping Test Items €6~ the Full Range of Performance« !

>

_ Objectives' . _ L .

b

to be sure that.each of the many perfbrmance outcomes

lad

It is very important to the development of a good test

expected to result from instruction is tested dor by several

different items. This required an array of items which have _ .
been fitted to or "mapped ouﬁ" to, the full range of specific
performance ob]ec%ives This process of mapping out items ‘

to cover all the main performance objectives at- their

differing levels of difficulty can be aided by a number of \

© systematic approaches Perhaps an examplg will be informative.

-

) The sample test in Appendix B has eleven items. Por . '.q‘
convenience the 11 fest items are presented iu Table S. The'f"“"
full test’ with its attached- reference materials and detailed o ":
narrative explaining how the test items were developed is- . ':

found in Appendix B: The purpoee of the material in ‘the

Appendix is to assist the reader in qeneralizinq the

. -169- ' S
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. - N A S . N v
/ : ‘ Table § ° °
TEST FOR "OPEN CHANNEL HYDRAULICS" UNIT - illustrating
‘the Mapping of Items to Performance Objéctives -
. . . '" ' _i . . - ' - .

-

— L [ p—

\ 1. what is a ﬁypical profile of flow velocities (fps) for
. the channel cross .section represented in this figure?

Nowy
O OV = e
1O Y O
ocouoo

wnt e

N DOy
e o o

O TR
nn oo
nunagu

<nuon

2. What happend to the value of Manning's n when an ‘
erodible parabodic cross section open channel is | )
vegetated compared to an identical nonvegetated channel? v

4 v

- _A. increases .
B. decreases: . '
. €. remains unchanged .
D. varies with runoff valume ‘ -
~ 3.- A nonveqetatéd trapezoidal channeél.through a sandy loam *
,\\\ ’ collidal soil has originally been designed to carry 8 o

« cfis of water down a 4% slope. ’Suppose the engineer later .
- © decides to use a vegetated channel. What-must he do to
1 insure an equivalent capacity with the vegetated ‘channél
- . given the same slope, soil conditions, and channag shape? .
- A. Select a grass which will grow to a uniform
- height without clumping to assure unifeorm flow
‘rates at the channel. perimeter. ‘ :
- B. Design a somewhat deeper and wider channel to . °
o G allow for the increased retardance of the flow
. . #° caused by the vegetation. . -
N s ~ .C. Design'a somewhat shallower and narrowe channel
’ -~ - because with vegetation a higher flow rate can
IR be sustained. .- ..
Coh D. Maintain the original ‘specifications for the non-
! . . vegetated channel because the flow capacity will -
e _ remain nearly unchanged. ' .

. > N e s

\ - ; : ) S170-0 T "
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tfable 5 (continued)
r— Fy ‘ ' ’. . N . C .
A channel is to be designed to carry 11.6 cfs of -
‘ clear water down a 7%-slope. .The channel material-is "
shale and hardpan. The channel is to be trapezoidal
with a 3:1 side slope, Use this information to answer

.
~ &

questions 4-3, T Y . ‘ oo
_— 4. Using the limiting velocity method, what is the .
- . Permissible velocity- (fps) for water flowing in this '
be nonveqetated.channel? : L VI . .
R . . - . \51.', E 2 TR v "
A. 6.0 - . ’
B. 3.5 ) : = .
C. .7 . - '
D, 4.0 a' ‘)‘F,‘;-" )
- 5. What ig the'value of Manﬁinq's:n for this npnvegetatedﬁ k
- channel? - . y . ﬁ;’!& i
: A, .037 T . ) -
1 B. '.,020 ' ' LN - ¢
of ) C. .030 ¥ * T ¢ ! ’
’ D. _.025 o . - T e
\ ie .
- . , : 2/3, 1/2 .
6. Using ﬂanninbs equation, vp = —lﬁig—.”R.th’ ¢ the ,

\ hydrdulic radiud of thé channel is ‘calculated to be
1.32 f£<7 The channel cross section arez if found from
. - A= Q/V and isg calculated to be 1,93 f¢2, The engineery . ,
o3 then es that the channel depth should be o
approx{lately 1.3 feet. He also assumes that the bottom

, width, B, can be.estimated from A = bd where - - - .//r
! b+ 1, /1.3 or 1.48 ft. What should he do next?" ‘
! . |3 . o= . — - .
" A. 'Add 20% to the depth value and the bottom - . '
. ] . width value to provide adaquate freeboard in S
. ' case of a heavy rainstorni. ) Yy - e B
o B: Check to gsee if his approximations for depth® - = ',
N . . and bottom widéh azme ;eagonable,by using the . ..
- relationship -~ . : !

bd + zd3. | ?

- R éﬁ5~+ 2aYz2:+: 1 T vk

¢ I

. ] - cC. Cal°U1ate'théﬁtOP width of the channel by . . N
SR ' ) using the relationship,” t = b4 2dz: | . L
. . D. Calculate "the wetted periméter-value . Sr the = ‘f‘ .
S, - : "+ - channel wsing the relationship\éd'{Efzi'jito R e
S T, determine flow resistance. S - N S

*Items enclosed in brackets contain infoqmabion’in_fheir stems
. ‘necessary for the solution of Problems contained-in later items. - C
in that group of items, ; Tt .- -, T e ..

and -

[ - Py *
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Table 5 (continued) d oLt

7. What can bBe said about the engineer's estimates of the
values for the depth and hottont width of the. channel?

A, Both values are a reasonable approximation of
° , ' the true values. '
B. Neither value is a reasonable approximation of
the true value. . 5 '
€. The width estimation based on assuming a .
, rectanqular cpooss section is only slightly in.eeror
D.” The depth-approximation is based upon assuming

d. and ii.quite accurate for this channel.’

‘that R

. ‘ .
What are the final values which’ are
‘depth, (D) bottom width (b), and top
"channel if it is to operate at the ca
the first part of this problem and un
slope conditions specified?

necessary for the

width (T) of the
pacity diven in,
der the soil and

freeboard

Include the necessary -

t AQ.—

ogQuw

.
o

. . | .

A parabolic channpel is to be. designed to c
of water pn a 4% slope.
eroded, .the .designer decides to vegetate the channel
with fescug wyhich is ‘to be unmowed. T
{nformhtioﬁﬁt

&
What 1 v
- flowing theough this channel (fps)? )

(ft.).
. 9.26
11.1
15.0
18.0 . - '

' .

.3
.6
‘0

4

Jooo
4nonou
NN e
cooo
ouon oy

HAaAaa

€

arry 25 gfs
Because the soil is easily

13

Use this
O answer questions.9 - 1%, :

¢
€

the maximum permissible velociﬁy for water

P
* v L4 “

ass for this vegetated channel? o

. e
A. A pff*w%%%\k
B. B ) \ . * - ‘\\\ :
0. C . “ -}Q{L;“)’Y . ..
D. D ' . T s .
R | . ' \m’%\k»\» . o
11.: What is .the hydraulic radius of this channel? e
“A. 1.1 . , I \\\
+ B. .58 T . . .
- C. .82 ! ¢
D. 1.6 o
— s -172- .. -




‘principles demonstrated in this illustration-to the desiqn

of other tests. The test items in Table 5 were written’to“.

test for the presenCe of the performance objectives listed in

s Téble 4. Examination of the test items in the sampkb test and

H

the’ performance objectives for which they were generated *

reveals several impbrtant pOints. i

LIS

First, it is apparent that the objectives and the test’ .

items written to measupe their achievemént vary in dif{iculty
and level of complexity. The first items and objectives ‘are
simpler, the latter more difficult and complex. The first

» . V s
objectives and items mainly call for description, recall and® -

rec0qnition of certain relationships, factsd, and”principles.<

Later objectives and items call for. application of knowledqe

\

of fapts, principles, and relationshipsain phe actual solving

'of eome complex problem. u e /

A good test should almays consist of'an array of: items
across levels of performandb from‘complex'to difficult. .Such
a test reveals much about“what'parts of-the final performance
hame been learned well or not s0 well.. Learning complex
performance “tasks is a qradual process. It takes much time

'and practice.' It can be expected that early assessments with

.test tasks similar to those displayed,k in the sample test in
Table 5 will show stronqer performance in knowledge of_facts
and-recall of particular formulas than in dther.aréas dealinq
with the’ skillful and rapid jintegratipn’ of all the subskills
and knowledge into a domplex problem solVinq activity.h Thus,

)
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- as student performance IS examined across pre-tests, embedded
« tests, and pgst tests, there should be much growth,’

. . ‘ ~ L)
‘particula{iy in the'items dealing with dkillful application - ' L

of course content and skills. If such. growth does not appear,

’

there is something ‘wrong with the instruction or with ther N

teSt. . + M ¢ - . ' ) +

> One common mistake made with @est’items,‘especially of'

~

the muitlple ch01ce uariety, is to 1nc1ude Only 1ow\l-ve1, . ’
recall oﬁ factual 1nformation types of41tems.§;A test composed o
. ! ' of only tﬁese t§pes of 1tems r; ve3; l;mited as'an assessment . T—S;
wo ." bf learning;oqigomes ;} a more complex nature . (ge ences - |
. LR - ° } - fb

" aﬁqut the overall degree of learninq reSulting*from
S instnuction based .on tests are valid*only so long as the, test
. T -1 & - .

items accurntely represent the fuil range pf objectives frbm

C )

- . simple to complex.‘ Eagh performance outcome intended ds'a
- ?

. -t a
goal of instructiOn must be represented in thextest items

XY b Y,

- : - presented in order to allow the student to demonstrate what
[ 4 < . ©
"he .or she has learned . ‘ '

Inspection of the’ sample performance objectives, listed - ¢

1? Table 4 and/the samplé test (Table 5) for those performance
‘} obgect1Ves, reveals another interestrng characteristic. "For
| the particular objectives wrltten for the unit the test items .
R : presented are only one possible samptb of * the many items * |
. \which could be written to test for students' skill in the Lo

. - - acsievement of the intendéd performance outcomes. For any
) ot

en performance'objectiVe which is-stated in ‘operational

s,

o‘_- , -174" ' ' . rd

* Q s . 1‘95




/

4

together appropriately into a competent and skilléd : ' X

of specific information. C ‘

L
.

terms, it is possibXe tao desiqn many different test items
which measure, to some degree, the underlyinq performance of
interest “‘This is why it is relatively easy to develop many
similar: items for use on parallel test forms €or use as pre-
tests, embedded tests, post tedts, or delayed post test.,.°
This property of multmple test items for each perfbrmance' f .

bbjeétive becomes more pronounced as the performance Ob]ectheS

e’

?
become more- broad and inclusive. Thus, it is‘even easier to. .. .
¥ o s, . ¢ - l‘ ~
write many parallel form test items for complex and high ; :
\ W - v

N
level performance objeotives than for simple performahce ’ -‘“

objectives which require only ahe memorization and recall ,
* A N

Inspectioﬁ%bf the sample objectives and the pest items e
developed for these obJectiVes also reveals another important
relationship. Any given test, item may test for more than -

one specific performance objective. LComplex and demanding

test items usually test not only for the ability to integrate

Pom—

and apply much knowledge, skill, and judgment into the correct
approach and solutipn of a problem. ' In addikion,_they test

for knowledge and recall of approprijate facts, relationships,
N
procedures,,and skills in bringing all of these components

performance. Items 4:through 8 and 9 through 11 in the test

o .
in Table S‘illustrate this property. Each of these items

‘ I

tests for knovledqe at multipge levels. it\isbdesieable to. S

develop and use such multiple performance assessment test
. -~ "‘17 5" [ ’
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. '«‘ < .‘ . ' a'\
jtems. However, for every test item it should be clear what

/
!

particular performance outcomes are being measured. ' Care must

’

also be taken to insure that the performance demanded by the

. item can be completed in a short andfreasonable length of

t

.time for one test item. An earlier chapter has provided

guidelines and examples:' of how to abbreviate such complex
* !

b
performanee assessmént tasks without 1os1nq the essence of .

the main features required for a skillful performance. The

additionaleexplanatory material in Appendix B for the test in
Table 5 also provides 1nformat10n about how to~abbrev1ate

)

complex performance tasks to make,them into,test items.

Taxonomic and Task Analysis Approaches to MappingiItéms and

. ] , |
Objectives . ’ - .

. There are many procedures for monitorinq £he appropriate ‘
level and sequencinq of a hierarchy of performance objectives
and test tasks in the design of instructional activities and
the development of a range of test items by which to assess
achievement of the objectives.~ One good,qeneral gidde to
strikinq an appropriéte balance of objectives and items, from
a simple and fact oriented to -a complex and skill oriented

focus, is the Taxonomg of ESucatdéonal Objectives: Handbook -

I,'Cognitivé Domain (Bloom, 1956) This manudl provides‘

- v

many specific squestions and iﬁiustrations of how to

.- assemble reasonable samples of ‘both performance objectives

AP )

_and test tasks .and items by whibh to assess performanca L
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across various levels. Another source‘wni<h provides detailed
>

.

procedures*and examples of how to,construct arrays of R

. ;

) performance ob)ectlves-and test 1tems ‘is the Hgndbook on

.

. .h,.

Formatlve and Summative Lvalhatlon of | tudent Learnlng

L
he v

(Bloom et al., '1971) . e : ,

Anothef approach to the problem may be found in task

.

analysis 1hterpretatlons of complex performances. Under g’

)

this, approach the f1nal performance capablllty intended as

A

the" Sutcome of 1nstructlon is described in a11 of 1ts

complex1ty. Then one asks oneself and others expert in the

performanCe doma1n,'"What knowledge and skill are prerequlslte
to being able to produce the final skilled" performance?" in

- o

thlS manner, a series of knowledges and skills are
conceptuallzed in a descendlnq hierarchy from very highly
skilled and complex performance to very bas1c levels of know-
Jedge and sklll ‘After the conceptuallzatlon of the complex

per formance 1s "task analyzed" the various sub- skills and .

‘e

knowledges become the focus of particular learnlng ob;ettlves

which are now arranqed in an aseending hierarchy. The
intended performance objectives at each levellgf the
,hierarchy are used to define the content, topics, learning
acti?ities, and instructional mat r1als which will be used
to 1nstruct partlcmpants up ‘the hil rarchy of knowledge and
. Sklll. The same conceptual- hierarchy is used to develop a
serles of test or assessment tasks which parallel the
1nstructlonal tasks The task analysis approach to the

des1gn of 1nstructlonal object1Ves, 1nstructlonal tasks

°
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: and act1v1t1es by which to teach . the performance obJectives,

\f ~and the test items by which to assess learninq resultinq

L

« from instruction, is part1cularly well Buited to technical )

el fgand sc;entific fields. This is because in these fields -there

.1s a natural Cumulation of, 1nformation, concepss, skills,

and complex procedures into 1nteqrated and very hiqh level

[}
. * -

performances (Gane, l962 Gagne, l967, Gagne & Paradise,
1961; Salvendy & Seymour, L9?i). ‘The sample performance

objectives in Table 4 and'the sample test items in Table 5

..
o

. Were developed in & task analysis manner and provide a .
4

concrete illustration of the procedure
Persons interested in the task analysis appro?ch to
s the desiqn of rgstructional ob]ectives, inStructional

act1v1t1es,.and.gssesnment ‘tasks will £ind The Eonditions of

r

Learning (Gaqne, 1977) and Principles of Instrucgional Desiqn .

- ‘(Gdgne ‘& Briggs, 1974) to be of value. Both of: theee ‘texts
) provide many details for usinq task analysis procedures. 1In
addition; many studies which.are egcellent.illustrations of
how to use the ppocedure in the.desiqn of.technical courses
. are referenced.ﬁ Many of the examples are from the technical

,and scientific fields. Another good source is a dissertation

. , titled An Evaluation Model for Developmental Growth (Marion,
‘ 1978) Marion's research'is particularly interestinq s1nce
it deals explicitty with the measurement of complex
performanceecapabilities resulting from technical traininq

‘e

programs. In addition, Marion's procedures are ‘explicitiy

-178- . oo
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-+ in 1aboratory or clinical sef%inqs, and instructor or

of student learning.

““integrated with one another. Either approach also tends ) :
. to produce éiproper array of test items representative of the

‘full knowledge and.skifl domain . required for adequase

. \ ‘
- it is a godd'idea to-construct a ma%?ix of objectives by

conceptualized with a*learning hierarchy ‘framework and

designed to "integrate diverse typés of infqrma;ion frgm

areas .such as formal test scores, actual-student performance- .

I ;
A . . . ' :
supervisor ratlnqs into a common assessment of the deqree

a

‘Either the’ taxonomic approach of Bloom or the task
/ . .

analysis appréaqh of Gaéne, Marion and others, c¢an produce
a set of performance objectives and assessment tasks which °

£ 4

are.very operational. These approaches can also be nitely

perfoémance of complex tasks., This is espectially go if
a N . [} .

attempas are made to groupd performance objectives,

instructional abtivities and-tasks, and test .tasks in real

- . - |
world problem solving tasks typically encouqtered‘in practice

by the ené&neer (salvendy & Sﬂymoﬁr, 1973):

i .
1 v

Constructtiy a Matrix of Objectives by Test Items by Topics

© . No matéFr what approach is used to generate test items, -

AN

. .

items for each topic included in' a course. This insures the
- ¢

develépment.ofibetter criterion by which to measure learning «
outcomes (Manniﬁzy 1970) . The particular performance
- § ’

objectives may be listed in a column; similar to the

-

.pPresentation of the sample obhjectives for the unit in the




Hydrology and Sedimentoloqv course in Table 4. Tedt items
' . . N \

~

which have beén developed can be sorted into rows

corresponding to each,&evél of objective representéd in the
column. This procedure quickly reveals any imbalance of A
i . .. e

items in the total.array to be used for the test. If too v

L

‘many items are written at the’ inﬁdrmation level and too few

.

at thé application of principles le@él it becomes immediately
apparent. Gaps often will be identified for levels of
obﬁectives for which there are'no items, but for.nhich items
need to be developed if the test is to be representative of

the range of content and skills 1nstructed jt is also

- possible to continue this same matrig construction'for

.other content areas of a given course. For example, in

the "Hydroloqy and Sedimentology" course, ;one could use the

t

‘same hierarchy of action verbs in a sequence of obJectives

1

across, not only the first unit in the course on open ‘

‘channel hydraulics, but for each of tho other: fiva units .in

the coursevas well. A separate matrix may be constructed £br

" each major topic or unit in the course. 'What results is a

matrix of objectives by test items bb topics across tﬁe
course. In this way, ‘the matrix of specific performance
objectives at various levels by content or topic areas can
be Qompletelv laid out. With such a s ructure it'is much

easier to map out a representative set’ of test items capable,

f

,of providing a good assessment of the deqree of learning

achieved by 8tudents~folloding instruction: Persons interested
-180- '
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1nsuri§q an appropriate: coveraqe of all performance and con-

"tent areas hy test 1tems, there remains still another task .-

before the test 1is assembled It is necessary to insune

-

that each test 1tem can be completed in a short period of

time. As was inaicated in Chapter 7, test items and tasks

must be abbreyviated 81tuations which call for the
performance capabilities required in applyinq cdurse content
.' .. and: skillvto the solution of real problems in ‘some complex
. peyformance domain. The test must always be ‘mach shotter

than the time available for instruction and the time.

£

available for formal 1nstruction must always be shorter than
the time auailable in the work settinq for the actual use

of coicepts and skills which_are.the focus of instruction.

- N ~ .

Unless -one-is careful to abbreviate test tasks and items,

‘one.ends up with asseﬁsments of learninq which are very
&

/
1ncomplete since all of the available testinq time 14 spent

on the cmmpletion of one br two test tasks If the "test

L4 ~

. .tasks are ‘complex and require a'comprehensive integration of"

course knowledqe and skills, the test can be more.
.representative of the performance domain being taught.

However, it is generally better to have multiple and
independent indicators of learninq outcomes by which to make
inferences about\persons' competence infcomplex oerformance
areas. , Thus many shortehed or abbrev1ated test“items are.
usually preferable to only one or two nnjor and time

consuming test tasks. One exception to this rule is the
'. .

-182-
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-products';éSulting ftom thisg perfdrmance..

Au'/

< . ' ! r .,
_n 3 hd R ’ N

laboratory practicaa examination where performance is assessed

'

by - directlv obserVinq the person design and conduct an éxperl-
I'd ' .

m%nt, construct a computer proqram, or analyze the chemical

properties of an unknown material However, for many courses
multiple short {ftem tests remain the mdst practiqgl and g —

usele means of estimation of learning ahhievement short of

actual observation of on-the- job performance and the
. ¢ PN [

>
A}

N

Chapter 7 outlined nanv procedures by which complex ) .

'performance tasks can be abbreV1ated into efficieht and

brief test tasks or 1tem§. Consequently, no more will be.

4 -

said about £his matter here, . . P

v - ~

" Externally Validating Test Item} and Tedts

o ’ ’ T

All of the previeus activities arJ directed’ toward
developinq tests which are valid 1ndicators of the learninq

outcomes whinh result from a course. However, so- far, all of'

- .
.

: the yalidatibn prodedures are internal They are based upon

- e -

the-~ judgment of ‘the course developer and test teem constructor.

In actual practice the course developer and test item -
[ - - - -

ponstructor tend to be the same person or persons.‘ This is

perfectly normal and desirablae. As is pointed oyt in Chapter'

[ N

7, test items and instructional tasks are closely related.
Both are drawn from the same domain of performance capabilities.

Test items should be rooted in the same array of content,

~

knowledge, and skill as are- the instructiOnal tasks which are

»
; -183- ‘ y . .
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gelected for teaching a course. ”However;rbefore'a test is
° e - ©* .

'developed for repeated and wide use with many replications

of a courae, ‘the validity of the test far the performance )

-

domain being dealt with should be checked by persons
% .

external to the course and tts development G
There are two basic ways to approach this external
/
validity check of initial forms ‘of tests which have been

-developed. The first way involves identification of a few

c

persons who are very expert in the content,and 8ki{$? of the

course. The numberican be quite small, consisting of only

*

- . ¢

. » .
. tro br three\persons. These persons can be given the
! & oy,

performance objective by item by. topic matrix as well as

1

the “agtual assembled fesgywhich has been congtruoted-

d

initially In additlon those experts should also be given

o £

a deée;%p;ion of’the teaching‘methadology'and\a get of the -

SN = e

- . course instquctional materi le. Thesge experts ¢an then be

s
~

asked to examine all of these materials ‘and make observdtions
P
about the adequacy and lcope of test items (and instructional .

~ tasks and objectives for qhat matter) 'in terms of their bwh |

expert opinion of what is requirdd to exhibit skilled v

performance in the gontent area nnder con;ideratidpis The

expertise of these external reviewers’allows them tn make

‘ reasohable and independenb judéments ?bout the adequecy of
.f\‘.
test items by which to make inferences about ‘a person's*

\
v

ability in the content area under consideration& :

?
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E There is another important reason to interview the

N experts who have studied or actually taken the test. IFf the

.

test items are too easy, and,iﬁ the& represent only'the
Q‘ '

basic and entry level skills required for skilled practice

in,some'COmplexvperformance area, test score data from the
grdup of‘experts would by itself:not reveal this® weakness.
Yet a dialoque with the persons c0mpletinq the"test would.
almost‘bertainly do so.
Another strate@y'is to locate a group of persons naive
. in the particular performance area for which the test has’
been developed. These persons should have some common
A technical background and training compared to the persons
who are expert in the area. However they should 2ack the
particular training, experience, and bacquound in the
performance area which is the éocus of the short course for -

.which the. test is developed This_naive group. can be

administered the initial test which has been developed for

-

e

the course. Obviously;‘the performance of these persons

should be.poor in terms of mastery of the test mate;ial _If .
o : this group of naive persons performs at high levels on the '
test, it means that the testtitems are not a valid indication
of what has been 1aarned'in‘the course. There may be problems
with too many 1ow 1-v?l items beinq included in the st _or

with other high level {tems beinq constructed in such a

[

manner as to reveal the correct answer or the way 4o obtain .
the correct answer. In such an event, the test items need to

- be reworked. Once again, interviewinq of individuals whoA
' ' . -186-
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objectives. ’ . .. L

obtained :high scores on the test, without apparent prior .

knowledge of the content_area, can prqvide much information/

. <

about how to reV1se existing 1tems or construct new items’
)

to be more va11d measures of particapar performance
o -
. _ . . v :
It ‘should’ be emphasized that the numbers of persons in

these groups of expert judges, expert test- takers, and naive

7’

test takers need not be large. If one has only two expert

o’ ‘ . .
juddes independent of the course develapmen#:activity, only

-

.

" development, espec1ally if one interviews the persons in
7 ‘ R . :

Y

Fi a
five to eight expert test takers, and only fiive to elght

naive test takers, much can be learned from the results whlch
will improve the valddity of t%e test being developed. lt
is far better to use such’ sgall and, independent samples by

!
whlgh to externally validate a testnwbich is under .

these groups after their actiwity, than to use large numbers
of persons and rework test items only on the.basis of the
test scores and individual"item characteristics. Groups of
these compositions and .sizes are very adequate to the task
of identifying the more serious problems with test ftems.
Usually anynserlous proﬁiems will be tdentified by multiple
p.xpons in the expert gwoup even with only a few persons

involved K ) ,

.
\ . .

Assembling Ttems Into Different Types of Tests .

. ~ -~

— . ey
The initial development of the levels of performance

objectives by course topics by test items matrix will provide

.
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much information about the general difficultv level of the
tests. However, anothei/sg;tinq of the pool of test items
into ‘three categories can help in assemblinq tests likely to
be effective in discriminatinq aman differenﬁ 1evels of

.achievement of 1earning outcomes, .
N
The three levels' are found in 'rable 3 on page 161. 1In

the first level are those items which represent knowledge and

A .

skill.prerequisite to the course and its successful.enqagement
hy the learner. The knowledge and skill represented in’these

test items.is,beiieved to be necessary to learning the‘éontent
of the-course. However, it is not to be #aught in the

course becausetthere is limited available time, much content,

and students must be assumed to have an entry level of

knowledge and‘skill in order to- proceed.
L |

In actuar practice, persons who enroll in continuinq
enqineerinq education courses vary a qreat deal in the degree

to which they have mastered prerequisite knowledqe and skill

k}

(Weisehuqel 1978). Therefore, in the interest of

-

“documentation of the qrogth of individuals' learning, ‘as

well as the avefaqe effectiveness of a course in improying

¢

the learning of qroups of individuals, it is necessary to

a

have some idea of where participants actually entered in
reSpect to expected prerequisitevzevels of knowledqe and/c
skild.- For example, suppose a course had been developed
for: teachinq practicing civil engineers how to use computer

simulations to test the performance of various atructures and




syStems theyvnormally desiqn. Also.suppose that the course
was well désigned and had the potential for being very
gﬁfgctive in teaching practicing engineers methods of
?ompu£7 stmulatiog by which to test the gdgquécy of complex
designs.’ Let us also suppose tbat the~pr§sequisite skills
require participants ‘to be facile with Fortran or another
computer laqguage. In add;tion,.suppose the participants are
a¥so expected to be very familiar ‘with the use of computers

- ) .
aﬁd computer terﬁinals. Now: suppose 40 percent of the

- - .
participants for a given offering of the course did not

s

possess these prerequisites to a high degree. These students
would undoubtedly have difficulty in doing the course learning

activities and would also be likely to perform poorly on any
; . .

post gsgf which was reasonabiy representative of course know-

ledge gnd skilljobjectives.‘ If the success of the course

v
¢

were judged on -the post-test sceres alone, it ﬁiqht'be seen

as a poor course, or at leaSt as not being effective for a
- Y .

9 [y

large,number of persons, which, indeed, it was nat. However,

without some measure of the entry level s‘ill and knowledge

-~

capability of the participants, one could not be sure of the
reason-for the lack of success. The same result couia be

achievedﬂfroﬁ poog‘or&anization df instruction, poor

presentation of coursé‘material, a hostile attitude of the
3 - . .

instructor, or distracting and inadequate conditions in the
physical setting of the learning environment.
®

. ~ -189-




-is to produce a

* For this reasonv it is generally wise to incorporate
some'items which measure prerequisite skills and knowl:dqe
levels in‘tests deVeloped to assess learning outcomes of
coursesﬁ . This can often be accomplished by a relatively

few number of\items, pPerhaps as few ag four or.five, each
item carefully selected to require the performance of some
specific prerequisite skill or the recall of some specific ot

.
) ‘o

procedure or information. )

L

There are two ways to ° app/9ach the inclusiodn of items

which measure bgsig knowIedge and skiills required for entry

into and completion of course activities. The first method

\ Ao

st desiqned specifically to measure pré—
requisite knewledge and skily. This type of test can be
mailed out to participants in advance or administered in one

eentral place ahead of time. The test can be scored and the

‘results used in an advisory way to place a participant in a

course appropriate to his or her needs and pPresent levelnof
capability. The purpose of the test lS to.screen and advise
persons coneerninq entry into a given course Persons scorinq
low on such a Prerequisite skills and knowledge test should )
not be restricted from entering the course in most cases:
Rather they should be advised that they would do well to not
enroll in the cou#se at this time, and also be adVised about
what they needdad to do to pPrepare for the course if they
wished to enroll in the future. An exception to thig would

be in areas where entry into the course without the

-190-
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prerequisite skills and knowledge would be dangerdus or’

s

destructive to property and life. Until a pilot demonstrates

stronq proficency on a wide variety of prerequiSite knowledge
and skill tasks, includinq written tests,.phySical

performance tasks in a Link trainer or some similar devite,
.;he or she should not be permitted to enter the next phase of
flight instruction, e.d., actyal flying. Similar restrictions
eperate :h the use of complex, expensive, and pokentially .

"dangerous equipment as is often found in laborator)es and .

industry.

- hY
\

Another way to prov1de information on the qeneral entry '

jlevel skill and knowledqe of partic&pants in prerequisites is
to prepare comprehensive pre-tests. Under this approach, one
prepares a test‘Eomprised mainly of items mhich are sampled
from the domains of performance being instructed in,the

e

course. Many or most of these taststasks or items would

. \ . ‘ |
also require prerequisite knowledge and skill. However, if

a person/missed these items on a test, Bne would no% know if
it was because he or she did hot have the necessary pre-
requisites or if the individual had not 1earned or mis~
understood something in the new knowledge or skill area being
. taught. The way to\avoid this problem is to inalude a
small‘number of items on the comprehensive pre-test which

v

require only the expected pferequisite knowledge and skill

-

for their correct completion, and nothing from the present -

course being taught. Again, these items can usually be few
-191- ’




in number, being the same types of items as would be used in
a screening prejtest, but serving a slightly different
pnrpose. Here responses to these items would serve to
reveal information about the variability of the entry level
skills'and knowledge of participants actdally admitted toggbé
course. The purpose»would be 8o make better inferences;aéout
individual’learning and general course efFectiveness.' -
There is another reason for developing and using
comprehens1ve pre- tests. In fact, when such a test has heen
developed it becomes capable of being used as a pre-tést,
a post test, or a delayed post test. This is because any
comprehensive test fncludes items from across all. three

categories shown in Table 3, page 161, Most of the items

should be from the second category and be directly re}ated

.

‘to the intended learning outcomes for. the course. These

i

items should be tasks the learner can be expeétdd to perform

-

correctly having'compleéed the course and all of its

_instructional activities. 1In addition, there should.be a

»
t

skills and knowledge, for the reasons descrihedvaﬁove.

small number of items which test for only key prerequisite

LI 3

.\However,.there should akso bo-a'small~numbex.aaﬁitons from

the third category, a samplinq of test tasks which the person

~.cannot yet be expected to perform very well ‘after only

having completed the course. These items should permit the
learner to demonstrate skill and knowledge beyond that
expected. to result immediately fromthhe completion of course
activities. When such a comprehensive test has been assembled
its ‘'use in the,role of a pre-, post, or delayed post‘test

\\ ~192- |
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reveals information about the range of competencies of’

participants, which are often very variable, especially upon

;o » .

P -
: . \ ;
As in the case of the .inclusioh of items related only to

A \

entry to the course.
prerequisite knowledge and skill, only a few items which go
beyond the leéels of skill and knowledge expected to be

achieved'in the coursq need to be included.  The presence of

these items on the test alléws those persons who have high,

.levels of capability to not be restricted by the\gest.-

Inclusion of these more difficult items also fnakes the test v//l\\

. R . * . '
useful as a delayed post test. It has been‘notgd earlier that

-for most continuing education’ courses in enginéering, one

should expect the persons who have completed the course to
learn even more after the short course is completed and,

persons have returned to the work setting to apply course

“g#éntent. J:o be sensitive to| this additional facility with

the knowl ge and skills of the course and their appropriate

application, some items of the more demanding typé need to

.

be included. It is also usually the case that some : N
pg?ﬁicipants'will'have entered with higher levels of know-
ledge and skill fn a part%cplar cqurse thén‘have other

students.” It is not uncémmpn for some students to learn

more than might be exbected from only what 'is actually o

LI 4

- - %
instructed. s '
- . . '} - , ’ ’w -
In summary, a comprehensive -test co@gisting of a sample ,
of items from all ‘three levels provides more information - .
-193- ° .
’ S0 . - '
A
el

.
L S . : N




about the entry and exit levels of participants' skills and .

-~

knowledge on an individual basis and.as’a means of making

N - . -
- ) ‘ *

[} .
inferefces about the effectiveness‘of the course in general. ,

' »

To properly discriminate among persons with differing levels_

of ability, a test must be composed df an array of items

of diffetring difflculty. Including items from each of the

three categbries is one way which: is~likedy to lg¢ad to an

appropriate range of difficulties in the items assembled for

- -
A \ , ’ ’ > . 5
B . 4 . ~

a test.
©o - whenicomprehensive tests are assembled, " care ‘should be
taken to have an item pool wh1¢h s several times larqer rg
terms of numbers of items than the lenqth of” the tests which ~
. . .are’ to be constructed Suppose thgt one wishes to construct
. a comprehen81ve test of about 20 items in length for a
' . particular ‘urse. Suppose that it is also deoided that a R

_pre-test, ‘pest test, and a delayed post test would be useful.

» 2 X
. ; In addition, fpur items are included to test prerequisite

knowledge and s$kill. -Four more items,.mhich are very ,

¢ “~

"difficult and demand learning beyond the level inciuded‘in

course learnlné activities, are alsouincluded.~'Th§‘remainin§'
] . . ) - ° N .
e 12-items are all related to specific”performance objectives - .

N

" tauqht in the course. If three such parallel tests were to

Z ¥

be constructéd it would be’ necessary towhave a mfnimum of

. three tlmes these numbers of items in the 1tem pool in each -

-

) category. Thus there should be 12-items of the prerequis1te .

N

P

’ knowledqe and skill txpe, 36 Jitems’ related to specific'oourse
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‘-,oerformance obwectlveq,qh ‘ﬁV Lxems relatel to trans‘er oF @

f . :'% ;‘:’) v
course knowledge and §ﬂ1f1 totmige comﬁlék nroblems not
dealt with. in the'cours : ;ﬁﬁrch mlqht be reasonahly :
. e s
@ A -
expected to be samples of aat@kl appllcations followlnq
’ ,‘ng :r“f's,‘ ,'é’ ® * v ) ..
“course act1v1t1es LA+ AR A ' o
, 95 " il‘; I i
One would then construcq thrégl grailef test forms fron*
NN

this array of 1tems First? dheoqtgthe three parallei 1tems
from the prerequisite knowledqé‘imd sklll.ltem pool for a

~ given prerequlsite would be randomly ass1qned to each of the

4

three forms*o& the test.' This process would continue until

each of the triplet of 1temslfor;each of the remalnlna three
prerequ1s1tes,was assigned randomlv to one of .the three forms
zof the test. The‘same'nrocedurg u;uld be reﬁeated with the
/
12 triplets of 1tems in the performance outcome item pool.

) The procedure would be repeatedﬁaqain for the four triplets
of items in the transfer pool. What would result would be
three parallel.forms of'onegtest. Any forp'ofxthe testl
could be used in any of thé.three roles, of. comprehensive
‘Dree, post, or delaved post test. . To the degree that the-
tests were actually emplrically as well as conceptually
parallel, a set of three test, sc%res gcross an indlvidual
would determine his or her ent leye&, exit-levelh and
subsequent inprovement or decremenélin knowlédge .and. skill_gn

- ,

course cantent at some time after thé completion of the ey

_course. Over replications of courses and-random assignment

e

of persons to test forms the statistical sLanigicance of each
' -195-
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.. are found not to be equivalent, adjustments can be made in

q

form of the test can be empirically determined by methods
similar to those presented in Chapter 13. ‘ If the test forms
particular items on various formg to produce parallel- items »
and tests, . ’ N

- It is much more llkely that parallel items and tests will
be developed if Oone begins with a 11sting of specifi# -

performance outcomes, as is shown in Table 4, and if a task
< sl

"analysis procedure has been used to generate the performance,

- s

objectives for the course. bFor short courses this @pec1f1c
‘mapping out of the key performance aspects of the tasks to
be taught and the use of action verbs to operationalize both"
the 1nstructional tasks and the test items is a sound |

approach. Each actiOn verp and performance description

provided:: (See Table 4) can. easily produce a number of ttems

‘identical with respect to the performance being tested, but

unique in terms/of’/he specifiCs of "the problem situation.

3

Each of the parallel items thus produced may then be randomly
assigned to any test function or form o .

The actual degree of which test forms are parallel can

., be determined hy a variety of means, the most common ones

. being based on analyses of qroup means and variances for

comparable groups of parcicipants for given roles of the

test, e, g., pre-test, post test,- or delayed post test There

are two -’ eg;y\-ays to 'do this. oOver subsequent replications

of a course, one can use randomly each form 6f the test in
' ~196-~
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7 , ?.
a different role. Thus for the first group, form A can beQ

’

used as a pre-tesgt, form B as ‘the post test, and form C for

the delayed post test For the next replication of the course

- the order can be reVeraed Still later, replications can be

used to assiqn form B to the pre- or delayed -post test role.

®

If it can be assuMed that the gooups ‘of participants are .
comparable, the .means and variances of any form of the test.
ouqht not to be statistically siqnificantly different from
one another when used in any particular role. This should

be especially true for. thé post test role where participants

immediately follow1nq completion of the course ahd having had

a commOn developmental or learninq experience, are likely to

E

~ -

be- most alike. g -

v

An alternative is to use all.ithree forms of the test in

t

all three roles for each course replication. That is, one

thied of the participants rand0m1§ are assigned form A for the

pre-test; another third, form B; and the remaining third, form

€. The same pattern is.followed for assidnment of persoms in

the ‘course for the post test with the c0nstraint that no
individual may be assigned the form he 6; she was previogsly
assigned. The delayed post test assiqnments are made in

the same manner. Aqain, if there are no significant
statistical differences'between‘the means of the three forms
of~thé test in each of the three roles, the test forms are

supported as being parallel empttically as well as

conceptual{y. Under this second plan, One miqht have to
-197- . -
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Strong inferences about the parallel nature of the.tests.

construction of the pre-, post, or delayed bost test. One

teS} tasks. The latter 'are primarily used to teach the

" the student, while the post and delayed post tests are

‘designed as an independent assessment of learned capabilities.

- sense to spend the effor

Srene,,

“

accumulate data over several replications of a course to

[y

have enough persons' scores on‘each form of the test to make

»

¢ .
Any embedded test tasks which are to ‘be used ought to . '

4 i

be anéther set of parallel items, noﬁythase used for the

can economize someWhat by using the pre-test items as embedded

test items and reserving the other .two forms of the test for
N ’

3

the post and delayed pest test, Phe important condition to

maintain, is tohkeep post tests independent from the embedded

. - * s ~ :
student and help the instructor guide practice”activities for

-

Conclusion - . : . ) - -
) [ <

It should be apparant that one does not go through this

lenqth&y process unless it is likely that a given colrse will

be developed and taught often and unless there is s€rong (ﬁ
interest in determininq the learninq outcomes resultinq\from N

the course by estimates usinq test scores., If- the course . is SN
only to be deveioped and tauqht once or é;ice, or if there

'are -other good indicato s of the functional capabilities of .. ~4.

- ~ -

‘participants after the iurse is completed it would make 2§: -

involved in developinq comprehens

.pre-tests, post tests, and delayed post tests. ‘ ' N
RO . o :
-198—1:,:/ * )
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Chapter 11

CONDUCTING ITEM ANALYSIS AND TEST RELIABILITY STUDIES

- ’ s .
N P ' N ~
~ ..

Jc

“" .'L‘hds.far, all of the test devekopment aCtiVitles des-

-<cribed in earlier chapters have depended upon the knowledqe

S are followeg —it is &ikely

,@f the conrse/;nstructors and some other persons experd in

g

the content pf the ‘course. !ér the steps. outII‘Ed §teyiously

at tests will be. developed which

v ~ L d

. -are good estimates of the deqree of 1earn1nq which rosﬁLts

: -
S

-from a qiven course, . \‘i R SR - S

X

_\

ﬂo¥eyer, there*are well es ablished test iﬁém‘qnalysis .

: thiie-who’do not \lg diféiculty index " can be calculated for

each item as can a discgimﬁhatlon index. These statistics
provide empirical information aboht the behavior,of thei/tems
in the tests which have‘been assembled This empirical
information, cgypled‘with the informationiderivedlfrom tne‘
logical development and- analysis of items éesdriﬁed in parlier

Ghapters, g’L be use( to rewrite and adjust test items ‘to .
achieve optimal 1evhls of difficulty and discrimination.

K4 .
stimation of the reliability of. - test" é.e.,Athe

[
degree to wh ch the test consistentlv measures the presence
Ay

. —af given levels of ability in persons from trial to trial.

v ¥
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If tests are not reasonably,reliablegthey are popr estimates

of the deqree of learning which has occurred. Consequently

v

it is important to determine the reliabilityoof tests 7nd to

modify tests to be more reliable if they are not so initially.
Only a brief introduction to some of the more common

methods by which to carry out item analysis and reliability

- studies if preSented here. The books rgﬁeﬁenced later in this

chapter provide detailedéinformation about these procedures,

¢ '

Before proceeding, it is important to realize there is

a problem with the computation of item/difficulties,

diécrimination indiees, and the reliability of tests by

'traditionalpmeans because of the nature of the tests.which ?

~

. have been de§cribed in earlier chapters. Most of the standard

procedufes for carrying out item analysis and test reliability )

.

! studies have Been developed for norm referenced tegting

approaches. Yet, this boo& describes and recommends a

criterion referenced testinq-approach for developinq tests

hy which to assess learning outcomes of continuing enqineerinq

education. This means_ that typical item analysis and test

) reliability estimation procedures, while useful to the task
of test constructdon, must be modified. It also means that
persons usinq these methods need to be elear about the oriqins
and assumptions implicit in the& After examininq this
prgblem, suqqestions will .be made for the use of existinq

B}
procedures for conducting item analysis and test reliability

[
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"studies in a manner consistent with the purpose of testing
e

as it occurs in criterion referenced situations.

Norm Referenced Testing Procedures .

. There are two general approaches to testing. One is

called .the normareferenced approach and the other the criterion
‘referenced approach (Airasian & Madaus, 1974; Bloom et al.,
'1972 Maratuza, 1977; 'Millman, 1974).
The norm referenced approach is based upon obtaining a

-

represgsentative sanple of persons from some population of

interest. Tests whlch have been developed are admlnistered
‘to. thls sample of persons. Judgments about the adequacy of
an ;ndiv1dual's performance are made by reference to the mean
performan%p of the qroup:and°the observed standard deviation
for the sample. Individual persons' performance scores on
the test are ranked w{th respect to one anoeher. "Paesinq"

®

performance is defined in terms oﬁ faliinq within some range °

of typical performance around or above the mean score for .

- the group. Arbitrary criterion cut off points are used. For

example, it is sometimes asserted that any person whose
soore falls below the.SOth percentile will not be admitted to
a program, . Sometimes the cut-off potnt ié-determined in
terims of standard deviacions so thatnperEons whose scores on
the test fall below three~fourths of a standard deviation

- below the d&oup fean are judged as not knowinq enough to |

I3

have passed. the test..

A}

N t




Norm referenced approaches are commonly used in the
construction of:standardized achievement tests which are
used for making decisions about admission of students to
academic prbgrams. - Group intelligence tests.are also norm.
referenced. Most professional licensing and'certification
exanminations are also norm referenced. Thus, in a given -
administration of a professionail enqineering licensure
examination, a certain!pereentaqe of the persons who take the
test may oe expected to fail the test because sdccess is
defined withﬁ?ggpect to achieving a score no lower than so
many standard deviations bélow the mean of the group taking
the examfﬂgtion. Becaiise all test administrations to- samples-
of persons result in some ;ariance and because that variance .
can be used to define a mimimum passinq score which falls at

1

some arbitrary point below the mean, no matter how selective

the group being tested and how skilled each person is in the-

knowledge and skill being tested, some proportion of the
persons_takiné the test.will fail by definition.

-

»The norm group for a norm referenced test may be only
the persons taking a particular test at a particular time
for licensure as an engineer. In practice,-the normureference

! .
/group ought' to be much more inclusive. Norms for well '

developed achievement tests are usually based upon national ™

random/samples of persons from ‘the population of interest.

‘I formation about an individual's test score can be inter-

¢

preted with respect to these nahional and regional norms in

~202- i
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terms of ranking the competence of the individual in the test
. ' , »

)

v

content compared to these other persons.

>

A much Mess adequate version of norm referenced testing

-0 . .

has also been the most common practice of professors in

engineering, scientific, and technical ‘fields. This has

often been referred-td as "arading on the curvef" fIn this

approach the professor constructs an emeination based on

‘the course content. The test is then administered. Grades

of -
are assigned by placing a certain percentage of the top

ranked observed studen} scores in the A category, the next
group of scores in'the B categorv agd so forth until a
certain percéntaqe of the lowest ranfed scores are placed
in the % or rail catedéry? Criteria fér determibdnq these,
grade assignments ma? be based upon simple rank order of

8 .
scores, percentile ranks, standard deviation units above or

o

below the mean, or other “similar procedures. Whatever the
v ¢

procedure there are often serious‘prdﬁiems with this norm

referenced approach based on the performance of the students

-

ih\only a particular classroom.,

KN
‘

First of all, most groups of students in engineering

classes are highly selected with resﬁeettto their prior’

knowledge and skill whichnis refuired fg “entry tc the

a

§
program and successful participation in the class learﬁinq -

activities. grhis is &0 especially for the students in -

advanced coursés It is also true for manv studedts who are

(4 - £y

Y
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-education courses.

activ1ties. Suppose that, in addition, these persons are

. test the students' knowledge of course centent. Let us assume

a well designed and reliable examination. ﬂ%t us also assume

students whose observed scoxe on the test Happened to_ be . ’

1

professional enqgineers enrolled in enntinuing/enqgineering
‘ <

=

s - .
Suppose that a group of students in an'advanced,levei

l’ -

engineering course in a technical ar&s is already highly

skilled and knowledqable in the prerequisites to the course .

also highly motivated to learn what the courSe has to offer. _. .

Also suppose that the course is well organized and’ the

12

instructor is quite effectice in his or her teaching, Now,

let us suppose that the instructor Prepares an examination to
there are 16 students in this course. We will assume it is

that most students have worked hard and nave, indeed, learned

most of the content and skills of the course. Each student

°

completes the 25 item examination. The test consists of
some very difficult items, a few easy items, and her

items of modérate difficulty for persons of this neral

. - - -
° [

ability level Tne.mean/score for the gooup is 17, and the

¢

standard deviation is 2.3. .Would it'make sense to fail those
ranked 1astoor happended té be one or one and one- half

/ .
standard. deviations below the class mean? What would be the

meaning of the grade aSSlqned to,each student? Suppose the

next semester the same. course is taught in ‘the same way by

b}

‘_the same instructor to another gooup of 13 students. The

' -204-
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same cxamin\ti n is administered. This time the mean for
the group is 13.2 and the standqrd deviation is d.h. Once  *
again the instructor assigns‘grades by rank orderlng the

- students' observed scores ,in the class. He useées the'same
criterion of so many standard dev1atlons below the mean as
1nd1cat1nq failure. hWhat do the set of grades in the second

- class mean? 1In particular what do the sets of grades for

persons- in the two classes mean with respect to one another?
Not very much! In both gases the normative reference group
is non—randOm, non—rcpresentative of the larger populatlon.
of persons at that level of development and expertise, and

-

'too small and truncated -
‘Norn referenced testing procedures make good sense‘for‘
determining the skill or competence of a person in compariSOJ
to other persons in, the general population of interest. As
such the nodorm referenced approach makes sense in the
development of standardized Schievement tests based on

. national or regional sample$ of the pepulation of interest,

fnsuring that persons” from all ability levels have “an equal -

opportunity to be sampled in the norm grohp. Without random
,,‘ . . i \ . 4 .
o sampling of persons across ability levéd® the individual

! ’ score of a person cannot rank him or-her with respect to the °

d1str1but10n of knowledge and skill in the population to

- (4

which he or she belongs.* Thls.property of norm referenced

tests makes them very useful fon.standardized achievement

-

tests and vexy inadequate as'a means of estimating the degree

-
'
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of specific 1ntended learning outcomes for courses, Because

of these problems with norm reFerenced testing apprcaches an
alternatlve has been develooed which is much more appropriate

to 1nstructlonal settings for the- estlmatlon of the success '

¢

of instruction in achieving specified learning outcomes by

.

~individual students.

3%
. \,-;:‘\ B4
Criterion Referenced- Testing Procé&dures

¥

Particular courses have specific intended learning.out-
comes which are usually much more prec1sely and narrowly.
defined than the domain of knowledge and skill typically
tested for on a -standardized achievement test. In a
'particular course, the instructor usidally ‘wants to teach'

N

some finite number of specific facts, conceptshnprinciples,‘
and procedures as well as skill in actually applying all' of °
these to the solution of problems faced in the real world
work situatlons This is the case especially for continulnq
education courses for practicing engineers. There 1is llttle
interest in comparing the\performance of individual students
who have ™ completed the course to one another or to some
external normative reference group. Theré is much interest
in comparing. the performance 6f students on tasks typical of

thoge facad in the work settinq with acceptable standards of ,

safe and informed practlceﬁ "The student is expected to learn
‘ . . C oy

the appropriate use of knowledge and skill agquired in the

course in order to'ekhibit Performance of some particular

-206~
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tasks at a criterion of masterye This approach to testinq
has come to be known as cr1terlon referenced testing, .

In criterlon referenced testing each persoen' s

s)

performance is compared to some standard of mastery or

competence' in the actual performance 6: tasks“directly related
"to the knowledge and skills tauqht in the course. The
criterion for comparison is how well ind1v1duals are able to -
Ho certain tasks which are specifically sampled to be -
representative of the ranqe ‘of typical tasks beinq instructed
§These—selected tasks are s1milar to those assiqned for

practice durinq the course of instruction. The entire

emphasis ig upon the degree to which each person, having

reeeived instruction, is capable of exhibitinq competent

N

performance 'on specific tasks similar td& those used@to teach
persons'in the course. but never'before encountered in that
particular configuration. Testing tasks and’ instructional
tasks are parallel.‘ Both are focused on specific performance
capabilities which are seen as the purpose of instruction.

] There is little or no interest in grading persons with
respect to one another, only in estimating how well persons
have learned particular complex performances. ThEse ‘
performances'are usually expressed in\action'uerbs?as noted'
*in Chapter 10. They are operational and observable. The
acceptahle level off"correct" pérformance* is’defined -as
mastery. The mastery level is determined by the actual
degree of correct performance which- is possih\e or required

* € !
é =207~ s T
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paced teachinq m/thods 4CleaVer, 1976), ahe;personilized‘

system of instruction (Kulik & Kulik‘ 1975) and other
Y SR . .

similar appnoaches are‘m;stery learning oriented All use

criterion referenced testinQ»approaches. These methods haCeM

been w1dely used and'have been shown to be very effective.
e It should be clear~tb the reader that_the sugqestions

and guidelines which have been presented ig previous ‘chapters

are directed toward the criterion referenced approach to o
-
testing and assessment of persons' _functional competen01es.

»

The problem is that many of the procedures which have been

developed to determine item difficulty, discrimination, and -

test reliability have been developed uader normative testing -

- approaches “for the development of very inclusive and non- .
specific performance tests which test for very broadtdomains

of general achievement. ’ & -

~Item&Difficulty and Discrimination Indices for Norm and

Criterion ‘Referenced Tests ' - . ; ;

'

Under norm referenced approaches to testing a common 2
rule of thumb for determinin? item difficulties is to dividae
all bf the persons who took the test into a top quarter and

"a botto!%quarter qroupxwith respect to observed scores.

-
13

" Sometimes if the total group size is sméll, the, top and b_ttom

-
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¥ thirds of the stores are used. An index of item'difficulty

- is calculated in a straight forward manner |, o

- " s -/ . t
N "~ Proportion of Proportion of
"~ . NR TItem high scorers correct + low scorers correct e
. Difficulty = : — -
~ .‘ ‘ Index . . ‘2 . ° - - . °
’ " The difficulty of each item is’ caltulated in this manner and

_the average item difficulty of the test itenis is determined.
Thebproperties of reliability formulas and long.experience have ‘
shbwn that’ tests with average item difficulties of .5 pr&duce.
the optimal range of scores and result in optimum reliability .
of the test. Average-ithm‘dgfficulties of this magnitude

are ideally ‘suited to the task of separating people and’ \ /
ranking them in terms of. test scores obtained. - In.actual

praccice test items which have difficulty indices ranging _

from .25 to .75 are desirable for this separation 'and

-

‘ ranking function, In norm réferenced testing it is7desirable
to end up with a test which has a nice range, of item

[

difficulties with the mean item difficulty being about .5
If the .item difficulties are tocfhigh the test will not I
permitsstudents to demonstrate what they know,,the scores ~
will all be lumped together at the 2ow eénd af the scale, and
“students' test scores will not be sﬁitable for- separation and
'ﬁ o ranking.‘ If the item difficulties are toE‘low .the test will

not assess what students do now know, the scores will be

all lumped together at.the high_end of the scale, and,-again,

. not be suitable for separation and ranking. But ranking in

' respect to what? With respec% to other persons, of courde,
2 ~209- . , )
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5 r
for that is the mattdr of interest in norm referenced
~

approaches to test donstruction., . . -
rd ) 5
In a criterion referenced approach there is little or

no interest in comparison or’ rankinq of persons' scores with
One anothef. There is strong interest in ranking or
categorizing persons' scores in relation to some criteria or
standard of competent performance on some sample of tasks

similar to those used in.teaching the knowledge ahd skill.

Typically the criterion is arbitrarily established and called

" a "mastery” level. Mastery is usually defined in terms of a

certain percentage of correct pefformances over trials or
i

tasks. For example, the criterion, for a mastery of a course .

might be absolutely correct performance on at least 80 per-
cent of all test tasks qiven Oon any particular test. Less
tnan 100 percent correct performance on at least 80 percent
of all test tasks'would be viewed as failure to achieve .

mastery, while 100 PgEent-correct performance On 80 or a ' ‘

greater percentaqe of all the test tasks administered would

—\’/
be viewed as demonstration of mastery.

°

In the criterion r ferenced ‘testing approach it makes

little sense to compute item difficulties in Ene traditional,

. . ~ !

“manner. A better procedure is to administer each test task

to group? of persons who have not completed “the course of jf
instruction and who should be naive in the skills and

procedures being taught. 1If this is so, these persons should

'perform poorly on the test tasks or items. However, a second
. ‘ LY
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aroup of persons who have comnleted the course, and/or who,
indlependent of course completion are known to have masterei

the knowledqge and skills wbich‘are the intended performénce

»

objectives for the' course, 'Should perform at very high levels

of masterv on each test task or item. Thuas, one determines

item difficulties by admlnlstratlon of each item to such
groups and recordlnq the freauency of correct and incorrect
responses to each group. Items which discriminate between
naive persons and skilled persons should be cleariy apparent.

The naive aroup should have- very high fremuencies of error

to each item and the expert group very high levels of correct

. or mastery level performance: If these results are not

»

observed, the test items or tasks need to be modified.

2

It should be noted that this is precidely the procedure

suégested in earlier chapters as a method of external
va11datlon of a- performance task The—same procedure is
chried out, except that data are tabulated on each item for
both qroups; Items which do not discrimlnate,oetween the
naive and expert. ps are eliminated or ﬁodiﬁied.to insure

L 4

that they do discriminate. Under  ¢riterion referenced

‘e

testing procedures and mastery learning approaches, pre—tests'

on course knowledge and skill ought to have very high indices
of item difficulty when calculated An @he traditional manner.
Post tests or delayed post tests ought to have very. low item

dif%iculties when calculated-in the traditional manner.

! -211-
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A discrimination index—is typically computed for each
item under the norm referenced approach. This, as with the
difficulty index, is based on a gomparieon of scores of
persons in the toprand bottom extremes of the observdd range
of scores. A rule of thumb for calculation of a simple item
discrimination index for each item is to subtract from the
proporgion of hiqh scorers in the top third ‘'of the total test
score and who dot a given item cor;ect, the proportion of -

low scorers, in the bottom third of the total test score and

who also qot that item correcﬁ This is pepeated for every
L -

item. That‘is° R g .
, NR Item o Proportion of . +Proportion of v
Discrimination =" high orers who . ' - low scorers who
| Index , - were correct . _were correct
If an item discriminates well it has a high_and positive o
;o value approachinq the limit of +1,. If an item discriminates
)
o - not at all of poorly it approaches an_ index of 0 If an -
A . e

item is ‘8o poor. it discriminates ih a reverse manner such

-

that _persons with high‘apores on the total test consistently

- Jget the item wrong while Qersons with low scores~on the total

test consistently ‘get it right, the discrimination index

;

approaches anneqative value of -1 \ ' .

oo Again, in criterion refefenced testing approaches,

S

discrimination indices are .more frequently determinod from

" examination of the results of naive groups of persons'

’

perfogmances on given items, and tie performances on the same

items by groups of persons’/expert in the course content. 1If

=-212- .
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an item discriminates well the naive group should con91stently
6 he '
get the item wrong and the expert group should con81stent1y

[y

- get the item correct. _ _ : -
+ { - i . ¢ 4

T e > P ° '

Calculation of Item Difficulty and Discrimination Indices for

-

Criterion Referenced Tests o ’ -,

Actual indices of difficulty and discriminatign of 1tems

may be calculated for criterion referenced ‘tests by means

. »

similar to the trad1tional methods. 1In the case of item

3

difficulty one can add the proportion of experts who qot an .,
item correct to the proportion of naive persons who got the

»Same item correct and divide by two. That is: =81- ' . vl

Proportion of experts, Proportioh of naive
" with correct anszir + persons with correct
CR Item . to an item K - answer to an iten

Difficulty = . - . . T
Index < : - .2 e L y

-

’}55,. ° Onece again it cantbe seen éhat~the'0ptimum1;verage dtem
difficulty for the'entfre test 18:;5; This value indicates
that, on the .average, the naive group of.uninstructed persons L
was not able to perform the test task§“but that persons ) ‘
known to be expert in*the course knowledqe and skill were - a“
able to perform consistently at a mastery level. If one -
develope such a-test it can be used ﬁo measure- the . effectivenesst

_ " of instruction of a given course in brinéinq the students

enrolled in the course to. levels of mastery{ In additinn, s

within the limits of error of\measurement and the Validity

of the test tasks, each person who has completed the~course .

£
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may be  certifed as having mastered oy not mastered the

knowledge and skills'which were the'tntended per formance

outcomes for the course. . . e R

In a 81milar manner the traditional way ‘of calculatlon

of item discriminatlon indlces may be modlfieﬁ to calculate
a discrlmination 1ndex for each item for a cr1terion -

7

referenced approach. In this case . .

CR Item Proportion of experts Proportions of
Dlscrlm;nation = who had an item . ~naive persons
Index correct "who have an

. ' item correct

~.If an item discriminatee perfectly between these two groups

e 3

1t will have a value of +1. All the experts will correctly

perform on the. item and all; of the naive persons will perform -
é N

>

incorrectly. If t?e‘propqrtion of,ﬁersons in each group is

-

1

the same in terms cf correct performance, the item will not -
L . p .

discriminate at all and the value will be zero. This can

happen if the item is.too‘difficult 80 that evervone in both

‘groups gets it wrong gr if the item is so easy everyone gets
it correct. It can also happen if the item is unrelated ob

invalid with reebect to the contedt and skill of the

performance domain. 1In such a-case, correct and incorrect

answers miqht be randomly distributed across_ the expert and
v - 6

. naive, qroups in equal propprtions. qain, the item would not

Fiscriminate between the groups. _Therefore, the item should .

=~ b4 removed 6F modified $o that 1t wiil discriminafe. |




As.in the case of the norm'referenced appﬁgach to

. teétinq,'it is possible to have items yhich discriminate in
e reverse manner where_the expe:t\qroup performs consistently
incogrectly and the naive group perferms consistently
cdrrectly.. §uch'an item. is poor and will have a-

. discrimination index approaching the value of -=1.

%
7 -

Item Analysis Procedures in Perspective

N In actual practice as te§ts and test items are developed

ey
it is a good idea to calculate both the traditional norm
referenced and thé criterion referenced.indices of difficulty
and discrimination.” Detalled proceduies more sophlsticated
than those presented here may be founé in Maratuza (1977),

particularly in Chapter 17 wh}ch.deals with criterion

_referenced testing. There are also mdny existing computer
programs for the routiﬁe calculation of these values a%onq
with estimhtes of test reliaeflity. The values which are
obtained from such:analyses of test items are useful in

revising tests to be more valid and to better discriminate

-

between those éersons who have learned the intended knowledge

and skill tauqht in -a course land those who have not. Should

9

. the dlrector of a continuinq eﬁglneerianeducatlon péoqram - !:

\ desire assistance 11'these'matters, eipert help.is usually

availab}e in most university testing, counseling, and

L4 S e e

“computing centersg. Persons working in these centers are

qsually‘facile in these procedﬁres. Other 'persons with high

¢
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- does much’ to insure that the tests wbich'are developed will

>
" ‘ t
’
.

v

levels of expertise in this area of methodoloqv are typically

£

found in educational psycholoqy, psychology, and behavioral

science departments. ) % a

<

It should‘be pointed out that the actual calculation of
item difficulties and discrimination indices along with test
reliability estimates is useful in, %he task of making better
test tasks and items. However, these procedures are not
useful by themselves. The procedures outlined in bhapter 10 -

about how to define performance objectives, sample instructional
AN

tasks within these performance domains, and conduct’ external

validation of these instructional test tasks are' more basic

[

and prerequisite to good tests than are formal item analysis

and test reliability studiesa Furthermore, ‘all.of these
[ -
earlier procedures are best carried out by the persons who

design and teach the’ courses hith 1ittle assistance from
[

<

persons expert in test construction.' Serious attention to s 5

s
the design of good test items.and tasks' in these other areas .

be sound. *

{
Methods of Reliability Estimation' The .NR and CR Cases

. The*@amp pvoblem exists for the calculation of test
reliabilities as exists for the calculation of item difficulty
and discrimination indices. Most of the’ traditional

b T e ————— e

—procedureS“are baaed on’ norm ‘referenced testing procedures

. and were developed in the interest of producinq hithy

-2is~.
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s reliable standardized achievement tests. As in the case of
item difficultv and discrimination indices estimates, the

traditional procedures need to be modified when calculating

the reliability estimates of criterion referenced,tests. In

Ty

this section the‘traditional procedures will first be

described and the modifications necessary for criterion
‘5 referenced testing apéroaches will follow.
There are féur common methods of estimating the
reliability of a tradftional°norm referenced test. These are

the alternate forms method, the “test-retest method, the
subdivided test methoi and internal consistency methods
(Nunnally, 1972). All of these methods provide estimates of
the stability or consistency of-the mental measurement
achieved by the total test score for indiv1duals.

g ' c

Alternate Forms Methodt ‘ .

Thé alternate forms method requires the existence of two

t

or more forms of the same test. All forms should be paralleL

\d \]

to one{another with réspect to the knowledge ‘and skill being -~
meaaured " The reliability of the test(s) iB estimated based ’

"on the correlation of the scores of the same individuals on
f
C‘

. alternate forms‘oﬁ the - test. The procedure requires the

same group of persons to take ‘both forms of the test, ‘1 N /-,

‘-

;_~n;_m__réhpre£erably -at the-—sam “tImé o 'avoid changes in scores due/ to

experience or other factors. Each person's score is 2

determined on each of the two or more tests. The correlation
’ A ‘~ . - i - ¢ .
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. ' coefficient i8 computed based on pairs of pggsons' scores
across alternate forms of the test.
> - \

The alternate forms method of estimation of test

> X

"reliability is a very good method far norm referenced tests.

It measures the sources of reliability related to tne errors '

[y

in the sampling of test items for the two tests from the

- larée'knowledge domain of interest. It also measures the

2

reliabilitv of the tests in relation to errors due ‘to. the’
fluctuations of individuals"performances over subsequent
g administrations of the test.
éor a crlterion refereneed test, the alternate forms

method is not a good proéedure. This is particularly so if

g '
the criterion referenced test is desiqned to determine . .
/ /
mastery level of the content area followinqbinstruction, wnlch

is usually the case., The problem is that both of the alternate -

’ forms of the criterion referenced magtery test will show very
little variation across persons who have completed the Course
. and mastered the content Correlatlon procedures are. based
. upon fitting a line to a set of: paired coordinates in order
- Qtto obtain information about the relationship of one set of
scores to the other.setsof scores, Variation in' test scores

l" iswrequired for this to be a meaningful procedure: g

Suppose three alternate pauallel forms of a criterion ]

— < /

- referenced test were developed for a short course for_

. engineers Test forms A and B vere administered to six

v ) engineegs after they had completed the short course. Form A
) 3 T S i J

[l

/

el

&
4,

Pl ‘7‘)“'
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was given immediately after the course and form B was

administered the next day, Form C was given as a pre-test

before ihe course wes underway, The :eeults of these
administrations are'etown in Table 6. The means and standard .

[ deviations. for each of the three tests are :also presented.

g

In addition, the observed minifmum, maximum, and average

mastery Aevels of the'participants are presented for each p S

test administratioh.
)
=~ The maximum score which can be acquired on .any test
. o - ]

form is 60 raw score points. Inspection of the scorés of

individuals on forms A and B administeréd as post’tegts

i

reveals that persons are performing at high levels of T

’

mastery. ,Iﬁ.fact, the lowest oBserved post test score of 53

is at, the 88.3 perEent mastery level 'on form B, On form A :

.

the lovest observed score is 55 at a 91.7 percent mastery

) -

3 )
level. The average mastery level on form A is %& 8 percent

o .and for form B, 94.2 percent. 'Clearly, from a f%%ical

staddpoint, two tests have begn developed which function very -

7 -

///ﬁe;}ly the same. Both indicate, to a high common degree,

'

that ‘the six persons completing the course have’ mastéred the
“ - ~material, Further support for this.conclusion is foqu in the

pre-test results for form C. ‘The pre-test scores are those

- -
. - o N Q
’, . .

Lo of a naive group, not yet éhatructea'in'the\course cofitent.

-—7~--w¥hese»scores are veryelow,wateorebe&ow ‘a 35 percent mastery

1evel in all cases.. Supﬁgee both form A and form B were wused

'y . ’ . -
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Table 6 Y A '
) ‘ ' 4 14 ~ ' \g
Scores of Enaineers ‘on Alternate Forms of o
Three Criterion Referenced Mastery Tests* . . .

- e —— - ————— ‘ -

e e e m e e e e mm e et -~ e e = g g -

B e T ——

&

i -

Form A . ) Form B . Torm C |
. Person  Post Test Score: Post Test Score Pre-Test Scorc
1 56 60 *o1s,
2 s 60 53 © . - .12
3. 59 . L 58 .. 18
g, .. 55 . 53 ") 10, - -
’ 5 . 57 L 60 AU 3 .
. . 6 - 58 ' 55 o ? ' v
Mean Raw . . . - : & :
.Score " 57.50 _ " 56,50 13.83°
Standard . T ' ' R
Deviation -+ 1,87 . ’3.,27 “~5.,19 e
Minimum SR ¥
Mastery- (%) 51.7% 88.3% 11.7% e
. - . . 3 é’
Average _ ) . - )
Mastery (%) 94,2% 23.1% ¢

95..8%

!

Maximum . - v
‘Mastery (%) _ " 100.0% 100.0% ’ 35.0% N °
- }% - [ N
" . S e e e e T

*All scores reported in Taw score units uriless otherwise = .
noted. Maximum possible score on any form of the test is 60.

For the relationship y = mx + b for Form A and B scores,
». m = -0,31, b = 74,57, and the torrelation coefficient "
between forms A and.B is.—q.18. d

.

I
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- as a pre-test for other groups and that the results obtained

.

were very much the same as those obtained when form C is ~ .

<

used as a pre-test. 'Suppose that form C was also used as a°

Y

post test for sgme of the other groups and, once again, the
results obtained were very s1milar to the post test results
for forms Agikd B and for the present example on the basi3

of this information, 1t would be reasonable to fonclude that

]
i

i
the forms A, B, and C as‘post tests are reliable.’ They

.

produce highly similar and'replicable results. This
. -~ _concIusion is strengthened'if the three forms of the test

continue to be used in .the post.test roie:yith ather énoups

of persons completing the course and these groups’ also show,

. . cons1stently high 1eve1s of mastery of the test material

4 [" ? ’ . -
. 'Yet if the reliability of form A is¢qalcu1ated based '

(1

. on correlation of the'scores of the six peribns with? form B ,

v usinq.%he data in Table 6, a, very différenticonclysion would
. ¥ ‘;

. be reached. ,The correlation coefficient for the two sets of

scores may befcaioulaied from the slope of thegline‘gitted o .

i ‘ .
to the six, sets of paired data poirts by the équation, - .

> s > . ’
. . ‘

) . Ty Yy = m¢ + b 1A 7 ‘ .
. . ! . * 3
. *  The correlation coeff1c1ent can be found by the relatlonshlp . <
) T ) 5#‘ ) ° 7" | i
. . . 3 =
. r = ‘m =
S . : N e ;
- - ? y 1 ﬁ .
= * > , “ (/ -
& e . e ) e e e N ‘. . © ! )
g 5 L] - Tt T T T - i TTTTTTE ST T e
~ "l
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r = the correlation coefficient
m = the slope of the fitted line

Sx = the standerd deviationoof the values
/,in the x array of scores

sy = the standard.deviation of the values

in the y array of scores,

UsinJ this relationship and the information\contained in
Table 6, the reliability, in the'form of the correletion

coefficient between two alternate forms of'the test, may be

*

~ N
estimated for the tests.deyeloped for the short course. When

the proper values "are subetituted into -the  above equation,

.after the slope has been determined and the standard
o \ ‘
" deviations of both sets of test scores have been calculated,

the following results are ebtained.

1.871°

——
f 3

3,271
A i
| . £ = 0.180

<

221,314

!

Thelfeliaﬁility estimate ﬁ' the test forms is very low. .

] Under any usual norm referenced testing procedsre the test

wbuld be judgéﬁ as being very unreliabre and would be

AY

discarded _

\The basie p;obleﬁ is that thfgwﬁethod.bf estimation of
teliabiiity was developed for situdtions where there ii.aa
very large domain of material fbr which a huge number of itens
may be written. In such eases it is usually of 1nterest to

£ »e(
sample_some,items from within _the domain by which to estimate

.an individual's total knowledge of the broad domain. It is
-222~
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also of interest to rank individuals in some population, of

persons in terms of how much knowledge ofsthe domain each
-

o individual in the sample has with reSpect to other persons in

- o .

the population. Under such c1rcumstances persons can be .
‘'expected to vary .quite a bit in their scores on the test
The correlation of alternate forms of a test in making

o estimates of individual persons' knowledge domain is the

4
matter of interest. The variation'in test scores ; eenl

*

persons in the sample is required for alternate test form

. 'reliability estimation procedures. Typical achievemeng .
p .

/ "tests of a comprehensive nature are good examples in mhich

-

‘ such reliability estimation procedures are appropriate. This
- is because the knowledge demaln being tested is very large

© o 'and the inclus%ve sample of personSvused to norm the: test

& varies greatly ﬂn ability levels . Therefore there is much

4 iance in.the" ‘test scores of individuals,
», N H \ ‘« \

even though with"a highly reliable test any given person s -
T N A - J
tast score will ‘not vary muchgover repeated administrations

of the te§t. \ \ S e ’

However, in the sithations presented in this book it is

..f: slear that the doma1n of knowledge or skill to be tested is
usually much more ci .umscribeﬂ. »Usually thé guestion of

,.interest is, "How weizzgave the counse~participants learnéd

5 {|. to do the specific things the course was, i te?gded to teach
| %

“them to do profjiciently?™ The interest in Tﬁ producing T
. ) 4

instruction in areas of complex knowledge and skill which

i . ’ -223~ Do - - . -
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~ lead to uniform high levels of consistent performance across

persons, and in achieving mastery of a felatively small

S

number.gf specific concepts, skills, or procedures which are

/’

the goals of the course~ X

~

In addressing this problem, it A;/’frequently been

sugqested the bett form of reliauility estimation for T
cniterion referenced tests of amastery level typé is the -
} simple degree to which the results replicate from.one test to
’ another and especially from one group of persons who have
completed the training to other similar groups who have —

A180 completed the training (Maratuga,.l977, Chapter 12,

Tyler, l974) of course, one‘mustﬂhe sure that the tests

¢ developed do consistently- discriminate among naive and
' gexpert groups of persons before making the inference that °
replication of results of a given post test with multiple
groups of trainees after course completion means that lea#ning
has occurred. One can also accomplish thie procedure by
randomly assigning a group df-enrollees to a pre- test

administeeed before instruction and the remaining half to a

)

+, post test administered after instruction. Comparison of the

scores‘of these two groups reveals if the test is functioning
. appropriately without confounding the interpretation with

.repeated measurement of the same individuals with similar:

Al

test forms (Maratuza, 1977). Without the base line data on

the-test‘for naive groups, one does mot know uhether the

H

performance on the post test reflects leaLning resulting from

i

o ' -224-
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‘the course or learning acquired before the course. This

~ 1s another reason for the use of parallel comprehensive pre-

and post tests in the development and evalustion of short

PR T 9
¢
AN

courses, as was sugqested in earlier chapters. These tests
"are also wseful for making estimates of 1earning outcomes
. for individuals resulting from siach courses, and these

measurements may be reported as estimates of iddividuals'

-
' - 3

lgarning. - y

£

@ Test Re-Test Method

. c Another common method of estimating the reliability of

a test is the test-retest method. This involves'administration

of the same test form.twice to the same group of persons

. with some period’of time between administrations of the two

forms to prevent memory from playing a key role in the .
production of the second set of responses, Again; the: scores
from ‘the two administrations are correlated across persons
and the correlation coefficient obtained is used as an

. K . C -
estimate of the reliability of the.test. The same problems

described earlier in relation to theé alternate forms .

procedure as a method of reliability estimation for cetterion
‘referenced’ tests apply here as well. 1If persons have
mastered a set of particular skills, concepts, andaprocedures,

there will be _very little variation in scores from one test’

~—+"~—~»*-"-administratlon tL another dnd from;one person to another.

The correlation coeffficient will not beaa good estimate of the

N

test_reliability. ere are also practical problems involyed
' | "4 g
5 e 0 "
\)‘ A3 Ld‘i . A




P
L]

in administerinq the same test twice for a short course where
the total number of items and the scope‘of the content'
covered in the coyrse may mdie improved Performance on the
. : second administration, because of practice and memory factors, } N
more likely than on a test consist‘Pq of many items- "sampled
. from a very large and qeneral domain of knowledgé and Sklll
' A modification which is appropriate to reliability
estimation for criterion referenced tests does exist (Millman,
hl974» Under this procedure one develops a -large pool of
iftems for the area to be tested, with attention to having
parallel forms of items. Next, two test forms $re produced-
by random assignment of the items or item pairs to test forms.
These items are then intérmingled into one test and the test
is administered to the persons who have completed the short

course or to Some other qronps such as .an expert or naive

> qroup. The test is then scored. The score for each person N
on form A and form B is determined. a chart or graph is then
prepared which’lists the absolute difference in scores of .

each person on'both forms of the test. Inspection 59 the

L4

results reveals how parallel the two forms of the tests are

.

and how reliably they measure the domain of specific know-

-

ledge and skill whibh is of 1nterest. An additiOnal

procedure is to calculate the mean value of the absolute

C. d&fference score across persons, Thﬁzbvilue serveS"as‘an“"»"~Tn
o

indéx of the degree of consistenc§ t hich the two test forms

Measure persons' competencies in the area tdsted. The closer
. ’ ) v P . ' ) ; s
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# .
the mean'difference value is to zero, the more consistent .

are toe tests. This method is not affected by a lack of .
'"‘

3
variability amonq persons on the test sgores because of -
achievement of mastery. It is, however, affected by the
. ‘ ] )
difficulty levels of the items. Therefore, information about

o

the test difficulty level must be considered in making a

judgmentouof the reliabillty by this methody It is also tlear

,
]

that the most appropriate use of this method is with a group *
of experts who.are known to have mastered the knowledqe,

skills, and procedures of a particular short course, or -

-~

persons who have been taught to master this body-of material
! - ’
. by having completed:the course succéssfully. The reliability

Bl

" of the test is of intérest in relation to the test's ability

L . N .
to consistently discriminate between persons who have mastered

k://and are expert in the content of the course versys thosej'

v persons who have not and are_ naive. ¢ S, I
THeisimilarity of this proceéure to:the suggestibns

made, in earlier chaptefs for'tge development'and.hse of pre-

tests, embedded tests, post tests, and delayed post tests

should be obvious. In‘all cases the‘hatter of primary

ihterest is to determine if course objectives havegbeen

+ - achieved by students\and to insure that tests are developed
. \

which are capable ‘of answering this questioﬁ. &Ib is of+

* - ' little interest. to.rank orderipensons in terms of_the_degree
-7 - . > AN .
to which they comprehend some complex am® inclusive field

: ’
t 2 of general knoyledge. It is of great interest to determine .
W -227- U -
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if a qlven course is resuLt&nq in students learning specific

'

A ‘skllls andxprocedures to mastery levels.

- .
. ' “ -
o Lg . -
.

Subdivided Testﬂﬁethod . ' .

-
Another tradltlonal method of estimating reliability of

a test“is to subdlvlde the test 1nto two parts. Th1s is often'
done by cons1der1nq all qf the odd numbered items to consist .
of one form and the even numbered items another _form. The
test is then admlnlstered to a group of persons. Each

v person' s tesﬁ 1s 'scored twice, once on the odd items and

.

once on the -even items. ‘The pairs of scores for individuals

. ..
?

)

are correlated and the correlation coefficient is taken as

an estimate of the reliabiiity of the test. The procedure is..-

» -

similar to the alternate form and test~3etest methods. The
same llmitatlons for criternon referenced tests exist for this

procedure as Ln the other two cases. The same methods for

overcomlnq these problems, as descrlbed by Mlllman‘}}974) angd

others, also apply
1 . N M
: } -t - .
' Internal COnsistency Methods j' - o
Perhaps the most common method of estimatlon of the
L]

-reliability of a norm referenced test is the Kuder—Richardson
——

formula 20 method commonly referred to as the KR 20. _The

basfc ratlonale for th1s method is that if the test is
= s
1nterna11y cons1stent, all items should tend to measure the
. . ,,j, ﬁ \an .
¥ samé thing and should correlate highly with one another. If

~all the items in a test correlate highly w}th one another,

(ab)
~a
~I




l)“_‘.

. . f ‘. : .
the "inference is that the test’wquld likely correlate, high,
e e
- > 7 . v ‘\_’.,
with an alternate form which dues not exi®t but whith woulw
p :
be composed of similar items. . .

" There are two coﬁmon*forms,of the KR 20 formula. The

first’form is used to calculate the reliability of a test

where each item is scored as being wrdong or right. The
" | ! s T ,cv" ° )

scoring for each item must be dichotomous, as is usually the

e .
. . : . u . .
case with multiple’clhioice tests where every item is scored

-

as correct or incorrect. This formula is:

> n il’q
r = = 1

1- \
n —'1 52
t

. 3

where: r = reliability estimate for the test -

,’ ‘n = number of items on the test-

AN

sgé observed squared standard deviation 6r variance
of the tot#l test scores across persons

p = proportion of persons passing a given item

q= prop?rtion of persons not passing a given item
- ° Q
Another version of the formulq &s available .for tests

itgms Qhere partial credit may be awarded .rather thah a 0 or

' 1. score only. For example, if one were to administet a test

i
,J’/

; -

consisting of 10 problems where each completed problem is

scaled from 0 to 10 poiﬁtb in terms of completeness and

acéhracy, one woiéd use the sacond form of the KR 20, Here

the fbrmuia is: g

- | --229- .

e




,':} where: r = reliability estimate of the test

) ”
n =\number of items on the test o

it

s2= observed squared standard deviation or
variance of the tétal test scores across persons

’
.

s%- observed squared standard deviation or variance
of each individual item score across persons

/

It is obvious from inspection of the two formulas that
the problems noted earlier about the use of methods of
estimation of reliability of norm referenced tests for
criterion referenced tests also apply here. The reasop is:
‘that qnce again, the procedure depends ‘upon haVinq a larqe
variation in. performance across individuals on test items.
The &lmost certain expectation is that the variation will,be
too low in cases of criterion referenced tests, under
conditions of mastery learninq. Consequently, the KR 20
method is inappropriate: for estimating the reliability of a
criterion referenced test under mastery leanning condditions.

As in the other situations, there exist methods by which
Gtosmodify the KR 20 procedure for use with criterion
refeiigced tests of mastery level (Hampleton & Novick 1973;
Livingston, 1972, l973). One way is to deviate each person's

i&sc?re from an arb%!aarily determinzd.mastery level rather

than from the group mean score. - This deviation can be used

-230~ N
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instead of the usual variance values in the KR 20 However,

L} N

this’ method still requires a sufficient amount of variation

[}

across persons on test\items and in their total test-sco

The reliability estimates of test results similar to those

“~

listed in Table 6 by this method would still: yield low values./

The best method of reliability determination for cr1terion

referenced tests is consistent replication of results across
repeated testings of sgimilar naive and expert qroups, as ha

been d;gcribed earlier

Conclusion I
=2Ac 1Uusiol b
Attempts should be made to determine the Eellablllty of

tests used in continuing engineering education courses even
/

when these tests are of the criterion referenced type and
mastery learninq is the expectation. This w1ll usually be

the case in most short courses. An exception is‘the case of
the short course~concerned with remediation of persons' know- ‘
ledge and skill in a/;ery'broad domain, as is the case in
couroes which prepare engineers to take licensing or!
certification examinations. Here there is a large and broad _ o
domain of knowledge and skill 1nvolved - There are norms
determined by the test scores of all certif?ed professional
engineers on these examinations, In this case,égt is of
interest to rank order persons and ‘to determine son;thing of
an 1ndividual 8 knowledge of the broad domain with respect to’ '
+ other enqineers in his or her specialty area. In this’ ‘

e
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s1tuatlon. the tests which are developed for aseessmErt of , .

<

the 1earn1nq outcomes of remediation or preoaratory courses
are most approprlatelv constructed from items sampled from

across the very larqe domain of knowledqe and skill under

A
v

conslderatlon. The pre-tests, which.may be used to advise
students whether or not they need to take a remediation {j

" | '
course, and the _[mﬁt tests, which measure the deqree of .
f: I
i .learning resulting from completion of the course, are most

&7

T—

appropriately shorter but paraliel to'the'achievement tests
uség by the nrotessional engineering societies for licensure
purposes. ' In this case, a%l of the traditional norm
referenced procedures for~the,calculation of item ’ -
difficulties;'discriminatfon indices, and test®*reliability -
estimatesfare very useful and highly anpropriate: '
/ ‘ There mav be‘other times when the goals of a particular
short course are more concerned with chanqlng and 1mprov1nq -
/

some broad area of knowledqe rather than producing. hlghly

B [

spec1f1c skill and knowledge outcomes. In these cases, the

courses_mav be mére like ‘the typical remediation or'
preparatory course and it miy Le'eppropriate to use norm
referenced testing procedures by which'to develop, validate, ‘
and determine the reliahility of the tests. Howevef, most

short courses in enq;neerlnq for contlnulnq educatlon/purposes

will by necessity be dlrectedwtoward a much more defined set

{ of specific intended pérformance capabilities:which should

| be achieved to high levels of mastery following 1nstructlon.
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Therefore, the criterion referenced test approach to matters
of determination of item difficulties and discrimination

indfces and to estimation of test reliability will qenerally

n »
{
/

be necessary
-The%procedures outlined here fon the modification of
the usual norm referenced testing approach- to meet the negds
of criterion referenced and mastery learning approaches‘are
very elementary. Por more 1nformation on how to accomplish
well desiqned reliability studies the reader is advised to
refer to Applyinq Norm ~Referenced and Criterion- Referenced

‘».'..:-t

Measurement in Education by Maratuza (1977). This book is

particularly useful since it .preséents both the traditional

'procedures and detailed explanations of how these procedures

need to be modified for the case of criterion referenced
testdng and mastery learning. expectations. Another éource,‘
which is widely used as ‘a quide to the carryinq out of item
analysis and test validity and’ reliability studies, ié

Educational Meakurement and Ewaluation by Nunnally (l972)e

This latter book makes no. reference to the criterion

!

‘ referenced testinq situation but provides all the basic

information and procedures for the traditional norm | 0

'S

referenced situation. L

L8

Once item analysis and test reliability studies have

v\

Been completed it is usually necessary to modify some teit

items and to revise whole tests in order to produce begter

measuring instruments. The' modifications and agjustments
. // ~-233-~
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Eak . .
necessary shou%é be made with reference to the matrices and
plans described in Chapter 10, which produced the original
items. The data from formal item analysis and reliability

studieséﬁs not by itself suffic1ent to the task of rewriting

:&and revising individual items and tests. It is only useful

in.pointing out difficulties and problems with particular

items and test forms which might not otherwise be noticed.

The actual business of rewriting a given test item to better

discriminate between naive and expert persons, or the actual.

modification of a test for the same purposes, is basically.

a logicalttask dependent upon the content of the courge of

“ >

instructiOn, the intended performance outcomes, and the
f

matrix of these as they define the purpose and intent of
7 ¢

_ instruction. The procedures outlined in Chapter 10 are the

ba31s for not only the initial development of test items ani

tests, but also for the revision of items and tests‘to .

better serve their intended discriminative functions. Without

attention to the procedures outlined in Thapter 10 the item
analysis and test reliability procedures described in this
chapter have little utility or meaninq.

“Even well designed tests have inherent limitations as
estimates of learning outcomes. ‘These limitations and their

implications. for the proper use of tests are the topics of

-

the next chapter, = . M

H
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>Sources of Invalidity and Unreliabilft?

. ‘ . Chapter 12

LIMITATIONS OF TESTS . ¢

The limitations noted in this chapter apply to\égéditional'

norm referenced testinq procedures in particular. Criterion.
referenced testinq procedures, similar to those advocated in

earlier chapters, are less subject to these limitations,
]

However, there are limitations for any procedure which uses

test results to make inferences ahout the degree of an’

-

individual student's learning resulting from a course of

g ’

instruction.

-
A}

14

No test, no ' matter how well constructed is perfectly
valid or reliable. Jhis means there is always some question5

about what the test measures iw relation to the domain of
performance and knowledge 1t is supposed to measure. There

! L]
is also another question,about the consistency ,with ‘whiah the

" test measures whatever it is that is beinq measured., Because

_of these questions ail test scoreg have elements of error, in
their estimates of the performance eapabilities of persons,
Even if a population of persons could be found #n: which every
person_ had a' precise and unchanqing amount(of knowledqe and
skill in thé performance Bomain being testeé} repeated
administration of even a very good test to the same qroup

o

would produce variation in test .scores of these persons.

C .. =235~ {
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* This variation is because: 1) there are always multiple
. = - ~ .

ways in which a given test item may be interpreted b& the

.'

N

persons completinq the task; 2) the way persons respond to a :
qiven test item or task are SUbJeigﬁio 1nf1uences-such as,
1
;' time of day, deqree of hunger, the gﬁésence or absence of

o

personal concerns and worries, and many more uncontroelled
variables which céuse performance to" -vary; and 3; there are
often variations in the way test item:responses are scored_
or judqed "correct" or "incorrect".-rt
With objectively scored tests, var1ation in scorinq or

judqinq'the deqree of "correctness" of persons eespongés is
removed. Objective%y scored tests consist of tests which ’ .
" have a 3corinq key by which to determine unambiguonsly if<a

qiven response to a givén item" is right or vronq. One example

;of objectively scored tests is the multiple choice test forTat
which is widely used because of this property.' However, even !
an objectively scored test is not truly objective. There are

still the ‘usual ambiguities and idiosyncratic variations in

each iten which cause the test to be less than perfectly

valid or reliablgﬂgno matter how objective the sgoring

’
- L]

procedure. _ .o .
S ‘N “ v -

Even when test items are problems of an engineering
natgze requiring the use of particylar course coneepts and

skills to set up and work a proﬂlem to determine the '

specifications of a partichlar‘piece of equipment or obtain

certain numerical values, there is a great variation in the

-

scoriqq of the results. 1In a stagy involvinq 1,071 professors - &

b . - -2364
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of enqineerinq, mabhematics, and physics, Clyde Work (1976) P

©

found huge varlations in the scoring of a set of common

student requnses to eight questions on an enqineerinq statics © e

o ~

and dynamics examination., The responses were actual
responses of ‘students to a real exehination. The persons
who scored the examination were a national sample of
profeSsors, from universities and technical colleges, who
actually "taught such eourses. Each Jtem-was corrected on a
0 to 10 point scale where points were deducted for errors up

Rl Y

' ’ ’
to a maximug of 10 for any given iteT. The results showedﬂ’

,that for most items, the scoring variations ranged from no

points deducted to all 10 points deducted! For most other
items the spread in p01nts assiqned to individual items was
also very large, in most cases exceeding si: points. iIt .
should be recalled thet what was being scordd by these
professorsfwere the same answers to the same problems by the )

same stuqents. The variation in scorinq was caused by the ’

interpreactions of inditvidual professors. Some took off

.
[P——

points for lack of neatness. Son- did not. Others gave
variable agounts of partial credit for coLrectly settinq up
a problem while others did nbt The net -effect of all of
these individualsjudgments\bx professors about the accuracy
of the student 8 response iq a huge variatioP in the .
performance score assigned the student. On any given .

problem the same student response is likely to be gzaded by

; -237- i
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different professors all the way from completely wrond to
:compleeely correct with all intermediate scores being well

‘vrepresented (@ork, 1976) .

Other reasons for validity and relia lity problems of
tests have to do with the abbreviated and in mplete sample

of performance which is encapsulated in each te item. Test
tasks mustvalways be abbreviated, shortened, or o herwise
reduced in complexity and time demands in order to allow their
completion in a reasonable length of time. This means that T
test tasks are artifjcial samples of the domain of performance
which is of interest. The manner in which the tasks are :
sampled from the actual domain of performance and ‘the ‘manner
in which they are abbreviated directly eﬁ{ect the validity

of the test tasks. ~Even when test tasks are abbreviated in
the best manner possible, there memain problems in inferring
from the test tasks the ability of the person in real world

performance tasks which are tYpically more complex, carried

out over a longer period of time,” and typically accomplished
with the help andnsupport of other persoms in a cooperative v ®
mann . For example cooperation on a test task/ia considered
cheafing andxis usually punished Yet coopeaation in carrying

’ out the solution to- complex problems in real rk activities
of engineers is_hithy valued and’encouraged.

" Por all of these reasons, making inferences.about the

&

actual capabilities of persons in areas of complex skill and °
(““: 5 o ,
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\Smail degree. Standardized achievement tests,‘even when

performance on the basis of a test score is risky. Test

24

scores are more usefulffpr providing information about the

[}

degree to which basic information, concepts, relationships,

and procedures have been 1earned and understood than for
?\
makinq predictions aboUt who will actually perform well on

l\‘

the Jop in dealinq with a complex set of tasks. Ev&n well

designed standardized tests, -such as are freqﬁently used in i

[y

admissions procedures in colleges,;as well as the standardized

\ L ad

achievement tests used to certify persons c0mpetent in an

- acadenqic discipline, do not predict adult achievement in

actual work settings (McClelland, 1973; Stice, 1979). These
types of test scores do predict academic success of students

in formal college and university prograns, but only to a :
matched directly to the content of academic programs, at

best account for only 25 percént“of the variance observed]in\
student abhievement (iavin, 1365) The other 75 percent of

the variance in obeerved student achievement in academic -/%
courses and programs is attributable to differences among

students in interests, motivation, persistence, experience,

"and opportunity.

Scores from tests deveLoped for courses and group

statistics are nore accurate predictore'of-the s8ccess of

_ @ given course in teaching certain concepts, information,

}
and pradcedures to persons on a regular basis than they are ,

f
as precise measures of an individual s 1earninq. This is

*
-
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average data is much more stable than any individual test. Ve

. always much smaller than the standard error of the estimate

‘.possible to repeatedly test one perSOn for as many as 15" to ' A

.

because thé effectiveness'of_a course can be determined b; ) L

* A d .

using tHe test data across many individuals who have

participated in the course and completed its tests. The

-
4

score-because idiosyncratic responses of pgrsons to test
¢
items tend to balance One another out. The standard error of

the mean score of a’ group of persons who have been tested is v

v

2 4

of an individual's test score.

’

The Standard Error of Estimate 4

The standard error of an individual's test score is an
- L' [,

estimate of the ‘deviation of a person!s particular score from

that person's ‘true score on' a given admyn}stration of a test

v

4
among many repeated adminis%rations. Of course, it ‘'is not

B . - .

20 times on a given test. It is also not possible to assunie
that a person would not change in his-or her knowledge over

repéated adm}nistrations of the same test. However,'in an . -

' imaginary situation, if a person were tested repeatedly on

one test and the- standard deviation of his or her score were
'y

calculated . a standard error of the estimate for the score
of that person would have been calculated The person s

true score would be egstimated by the mean score.of the

repeated administrations.‘ .. 7
f - - /
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In'practice the standard ertor of ‘estimate of a test

scorg is calculated inlother simple ways. One common
‘e ‘ “ ‘ ’ -
procedure for the calculation js Iisted below.

7 measure =0/tvl -r - ‘ )

-4 -

Where G measure = standard error of measirement ‘of the test

-

Tt standerd!deviation of the ‘test for the
b sample of persons completinq it .

Tt. = the reliability of the test obtained for
' the sample of persons completing it

The standard error of measurement for a test provides .

~ -

information about a confidence interval or band around each
person’s observed test score. The,greater the reliability

of the test, the smaller the c0nfidence interval’ and the R
.9

? ~

more accurately a personds 6bseryed score predicts the person's
e ¥ Y - . ~— . R

/true score, The §tandard error of a test.score allows the
assignment of odds to the ‘1iklihood that any- perSOn S
obserVed score is actuallx different from some other person's
score versus being different from’ each other only. due to
chance factors resultinq from the }ess thqn ?erfect

' reliability of the test. Perhaps an example will help..

Suppose‘a 20 item test is _developed for a continuing

engineering education course in soil,mechanics; ;The |
r'elia'\bility of the test is calculated by {he XR 20 alpha ‘.

coefficient method to "be .7Zfbased upon a sample of 26 per;ons

who tooﬁ the test. The raw score'testwmean~and standard

"deviation for this sampIef;re 13:08 and, 3.77,,féépectively.
N - - Py R -
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The standard error of measurement for this test would he -

calculated bv substitutlon of the correct values 1qto the

equatlon listed above. The results would be: , N i
(J measurement = 3. 77Y1 - o. 74 ' )
\ o J m=.1, 9% raw score unlts o .
‘i - B ~ .

Ve -

. If we wished to be correct 95 percént of the time in’

classifying persons as‘having scored differentlv from one

~

another or from some arbitrary level\of performance, we would

have to multiply 1.92 t1mes 1.96 to obtain a- confldenCe band
\.X

around an 1nd1v1dual s observed %core. Sunpase Mr. Perklns,
. ' ?

a student in the course, obtained a score of 12 on the test. -
. \ . ]
Hultlolylng the standard error of the test tlmes the value . -

of 1.96, the number of standard deviations thh sldes of

the mean on the un1t normal curve 1nclus1ve of the 95‘ .

L)

percent confldence interval a value of 3.76 1is obta1ned

Thig means Mr.’ Perk1ns true scOTe on the test will fall .
'w1thlp 12 + 3 76 raw score units on thlS test 95 percent of

- - \

the .time over repeated admlhlstratlons of the test to Mr. e

Perkins at this pbi@t in his ability with respect to‘qpursen e
H . § s ¢ L. - .

'"knowledge and skills. - Suppose the course instructor had

L N . . . . .

set a score of 15 _raw score Points as the maximum mastery e

’ -

level for which successful completion of the'course'would‘be

recogynized. Could Mr. Perkin's have performed adequately' B ;
and the dlfference between his observed’score andithe criterion
Score be due‘to error of mea -"=; and unreliability N

test? The ‘answer is, "yes". At his present ability level, j

Y -242-
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:Mr, Perkins' true score on the test could be expected to fall

~ wrzbln the observed value% of .from 8.24 to 15.76 on repeated

adm1n1stratlons of the test 95 percent of the time.

§t$hilitxﬂof Group Mean Scores

%he values oresented for the reliability of the 20 item

>

test and the standard error of"measurement for the test are

. 1

rather typical for. such tests. The example makes it clear

éhat even with good tests, error of measurement of ‘an

v

indjvidual's ability is lar4f. However, the error contained

-

in the test score estimate of the averaqe abilitv of persons
completing the course is much smaller than the standard .
error of estimate of an indiviqdqual's test score. ,Group”
means are'very‘stable and the standard error of the mean, or
average score of a qgiven group of students, isg very small
Th&s makes it possible to accurately estimate the .

eféectiveness of a courfe in achieving its intended learning

outcomes based on the average performance of participants

/
‘on post or delayed post tests. If the tests have been i

carefully developed following the proceduﬁes suggested in

earlier chapters, this estimate of course-effectiveness will
. /

be quite valid as well as accurate and consistent. The

estimate is simply how typically effective the course is in

achiebing the specific knowledge and skill ouucomes it posits

.as ttsg specific performance obgectlves. The estimate is not

— -

about the ultimate value or effectlveness of the course in -

- g -
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real world performance of the enqineer in his or ‘her work
setting. It is a well known fact that course qrades and
test scores do not predict adult achievement in real world
) work settings (Hoyt; 1465 McClelland, 1973; Stice, 1979).
What they do report 1s how well specific course content and
.skills have been learned and, to a limited extent, how well

3 A

the student is able to learn more related ,course content and
skills in future courses. Using both past course grades and
well designed standardized achievement tests as predictors
of future academic'performance,ithe_maximum amount’ of variance
which can be accounteo for in actual student performance is
approximately 25 percent (Lavin, 1965) One should alwavs
keep these 1imitations inmind when the resultﬁ of continuing
énqineerinq education students’ performances are bheing
reported. to them and their employers.
In summary, estimating an individual's knowledge and
i
skill acquisition following "’ completlon of a course and based
on a single test score is a much less accurate procedure than
e matihg the averaqge effectiveness of. a course in achievinq
‘ifzfi;;Sfedqe and skill ob]ectives based on many students*
sco¥es on one test. Test scores pooled across persons can be
valid indicators of course effectiveness. Test scores alone

e

fqruiﬁgividual stuHents are less valid indicators of the

Q-Ved level of learning outcOmes In short, tests are
) ;
more useful for ewvaluating courses than for evaluating perséns.

o
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In making dec151ons and inferences about the amount of
1earn1ng which ‘has been achleved by 1ndav1duals, multiple and
1ndependent test scores are more Aseful than a single test
score. However, the 1nference about degree of Yearning should
not be based only upon test scores, even if multiple tests
are used. What is needed in addition are observations of
students' performances on c0mplex tasks and careful examinatﬁon .
of the p%oducts produced by studentslin the execution of
complex performance tasks which have been assiqnedl As
mentioned’ in earlier *chapters, these products pfoperformance
include deéiqns, analyses, reports, solutions to complex
problems, plans, and other products no;ﬁal to the work i
performance/of the engineer and upon which the contené anq
skills of a particular course can be brouqnt to bear.

Other sources of-informati?n about the degree of learning
of course content and skills should not be overlooked.. These

. Y
include asking the course participant how much.he or ihe has

~ learned, -how useful the learning was in relation te Jjmproving'

/
work performancevin particular areas, and how often course

content and skills are actpally being uged on the job,

Supervisors and employers should also be‘asked to make similar

judgments. 1If all of this informatden is coIlected it is

Y ¢

miich more approprlaté to make an inference about the deqree

A\

of learning of an individual than it‘is to do so based, only
- . N (N

éﬁ“é single test score or even multiple test scores.




Advantages of Criterion Referenced Tests , .

Although many,cf the limitations of tests also apply

to criterion referenced tests, the restrictions are not as
- " . 14
great. There are a number of reasons for this.
V4

Traditional norm referenced tests tend to be qlobel and
not well defined in terms of the particular knowledge, skill,
“and performanii capabilltles they are testing. Consequently,
, the items selected for inclusion on the test are only a few |
A sampled from a huge domain of potentlal items. This is the

normal s1tuat10n in standardized achlevement tests. In

criterion referenced tests the focus of the testing is on

very specific and well defined knowledges, skills, or
9

performances not in comparing the performance of individual
persons on the test against other persons in " samplé of
similar per§Uns} The student's performance of the specific

tasks presented iW the test is of interest because these

l
teégs are the intended qoals of some_precedinq instructional

activiﬁy which is Specifically designed to teach that
- performance. '
)

The criterion referenced testing gsituvation is more

v

tiéhtly controlled than “is the typical norm referenced testing
. situatidp.d On a criterion referenced test the student

dempnstrates what he or she can do on some specific task ‘

which has be;;-taught. Typically the student will have to

recall knowledge and information 1earneé, make judghents

about how to proceed, and ahply skills 1earned-to coﬁplete'the'
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specifig hspects of skil#ed performanc

s
4

task. After the task is completed 'by the stpdent the course

Py
»

instructor can determine how well it was completed. The
product of the performance can be ‘compared with the product
of the performance of a/skilled professional for the same

task. The scoring of the accuracy and the eompleteness of

-

the stuant response .can be quite objective with respect to. ™
sone standard crlterlon of acceptablc performance

In a typlcal norm referenced testing situation there
-
is no compardble grounding of the test items or tasks in

/

e to a criterion level.

‘Thus’ individual test scores are not directly interpretable in

s

terms of what the student can or cannot do in the way of

executing a complex performance with skill. All that can be

said is’how well the student h?s performed on a set[of test

tasks in comparison to a group of peers. ‘The judgment of
t t /

** the student's ‘performance capability is relative and general.

In the criterion referenckd case, ‘the judgment of the

student's performahce is absolute and 'specific to well "defined
- ¢ -

skills or Japabilities. . .

. .

.
i .

If properly'dgveieped and administered, criperion
referenced tests have an inherent Galidity and reliability
whiich makes them superior to nerm‘referenceg tests (Tyléry
1974) parti?ularly in the content of shert courses end othe?

learning expefiences typical offmaﬁy continuing +education

) ¢ -
courses where what is to be instxuq;ed_and what is to be

-

. achi8ved by students are very well defined and highly specifaic.

~247- %,/ ‘ /
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There can 'still be problems of "agreement among

different raters regarding a student's performance on a

criterion referenced test task' Just as Work (1976) noted

.

w1de variation antong. 1nstructors who scored the same student's
answers to a common problem, instructors scorlng the

performance of a student o? a criterion test ttem can disaqgree.
' ‘ [} ! .
However, they would not typically be expected to disagree as

mucﬁkbecause part of developing a criterion referenced test is

!

the determination of what will be’taken as evidence of correct
performance. 1In short, a common, high level of cr1terlono
performance is deflned before testing, and even before

Y &
instruction. Consequently, during a course students are

"specificall§ instructed and guided toward emhibiting mastery
of the knowledge and skills being studied. It is clear both

to them and- to the instructor what it is which is to be:-,

accomplished and ‘how well the instructional and test tasks

mgst be'performed. There is a common and clearly communicated

aqreéﬁent on the. standards of performance which are acceptable

~

These crdteria are usually grounded in the standards that,

> ) &
.are judged acceptable in actual practlce of expert engineers
on similar tasks in actual work settings.l

lThe education of professional persons to high' levels of

mastery in complex skills and abilities is typically
approached in this manner. For a .detailed logical,
philosophical, ‘and empirical exploration of this topic the
reader is referred to 'a study by Lacefield (1980) concerning
the measurement of competence.

L

N
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Thus it is reasonable to infer whether or not a student,
having.completed a course of instruction, and having performed -
on a criterion referenced test, has achieved the desired

level of'compgtence or skill. Criterion referenced

performance assessment is used particularly in situations
wheré it is critical that the student actually be competent

before being allowed to practice. As was mentioned in an

L

earlig; chapter, these types of test tasks are used with

physicians before they are allowed to conduct surgery, ,
; - )

with éircraft pilots before thev are allowed to fly planes,

and with persons who éperate very expensive and complex

. .
equipment where an error or lack of competence on the.

‘ .
individual's part would be a threat to property and life.
In such cases criterion referenced performance tasks are

routiﬁely used to conduct assessments of the individual's

A\

competence. The test tasks are very specific to the .
performance*capabili!y under consideration. They are, very

valid and reliable because they involwe simulations or.

’

abbreviated test tasks which demand nearly the same types and:

w ’ M “ -
quality of performance as does the actual’ performance.
. L .

The procedures outlined in Chapter 10, which describe

how to develop good assessment procedures and test tasks by
which to measure learning outcomes for continuing educatioh*

courses, are directed toward produciné criterion referenced

tests. The procedures in Chapter 11 explain how traditional

- »
\ .

“-249-

s




norm geferenced'testing procedures for determininq item
difficulties discrimination indices, and test reliability
need to be modified for criterion referenced tests. Use of

»

\the traditional item and test analvsis procedures for'
criterion referenced tests is inappropriate. Just as the‘
traditional concepts of test reliability do not apply to
criterion referenced tests, neither does the traditional
concept of standard error of measurement of a test score.

In Chapter 11 it was noted that all of the usual methods
of estimation of the relrability of a test depend upon the .
occurrence of a large amount of variation among ‘the test
' scores of students “completing the test ' If there is- 1itt1e
variance among scores the reliability will be low and- the
procedure for com;htatlon 66 the tqﬂt reliability will be
invaiid. The same problem exists even with methods such
as Livingston;s (1972)'which‘is designed to modifyntraditionaf
procedures of internal consistency reliability estimation for
criterion referenced testing Thereggften is simply too .
little variatiOn in stqdent scores upon completion of the
course for these Procedures to work well, )

When course'objectives have been clearly laid out,
when 1nstructors work to insure that the studeng¢ has mastered
the couﬁse content, and when nearly all students upon

completing the course have mastered the material as judged by

their test performance, then it is clear much learning has

occurred, Many studies show hhat instruction-of this type
! ‘ .
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Ls superior to tradltlonal 1nstructlon in terms of the

.

amount students learn, how long they reta1n it, and how"

well they can apply it in the next course (Kullk & Kulik, ~
. .
1976: Kulik, et al., 1979). Yet 1ﬁ_one were to compute the

reliability of the tests used to make deten$inations of

the students' achievement ib these courses, .using the
traditional means, the tests would have poor re11ab111ty -

This is because the variance in test scores is reduced
1

1)

'p?“<~ because of uniform high achievement b; students. Yet we

*know that the tests are(reliable estimates of students'
learning because students who have completed such courses °
and scored hiqniy on the exahinations for them cohs;stently
out perform otﬁer students taught in traditional courses.,
The uastery 1earninq'students perforn better than students i

instructed in traditional ways on standardized examinetions

of the content area, on common final comprehensive ,EL'

. )

'examinations, and in achievement in ﬁuture’and ﬁore advanced
" courses in'the same content area (Kulik & Kulik, 1976).

These results-are consistently found over mdny empirical '

P " studies conducted in' engineering and tné physical and - ' .
S/ R . ” .
social sciences (Kulik.,et al., 1979). Clearly the tests‘

\ must be measurlnq student achlevement of leatnlnq outcomes
in reliable way$ or these con51stent results would not hold.
v
. As was ‘pointed out in Chapter 11, the best indication -

of the reliability of a criterion referenced test is its

. ol

. & “ . f
ability to consistently discriminate between groups bf persons -
- w L -251- e
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&nown to be skilled in the performance of interest andl those
who are known not to be skilled. Replicabilitv of results
with muitiple groups of naive and expert persons is the best
indication of, test reliabilitv or consistency (fyler, 1974).
Tﬁe best means to insyre this replication of résplts is to
'develop the test*tasks and the instructiopal procedures
according to the sézps outlined in Table‘3, Chapter 10.
.Likewise. the construct of the standard error of
measurement does not apply well to the criterion referenced
‘situatien (Livingston, 1973). oOther procedures more |

appropriate to estimating true mastervvscores have been

developed. These methods are quite different than the

concept of a person's true score and the standard error of _
estimate of a test score which:are'used in norm referenced
testing (Hambleton & Novick, 1973). 'Rather than compute the I

probability of a person's observed score falding within so&e' . .

range,aroun? his or hé’ true score, in the criterion
. ! -
referenced Ees?ing situations one is' interested in asserting
"'5‘ a ' ' -
whether the persons can or cannot Derform the task correctly.

]

The probability .is .0 to l.. The judqment i's aecurate only - *
- insofar pa the test task has been prOperly grounded in the

berforma domain of -interest as outlined in Chapter 10.

s

Even criterlon referenced tests must necessarily consist :

of abbreviated performance ‘tasks. Flying a flight simulator

on ingstruments is not really the same as flyinq a real
F .

*'commerc1a1 airciaft in bad weather with a full [load of'

&
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- passengers. Desiqning an antomation procedure fof a simulateA

2

" industrial production process ani testina the procedure with

a demonstration‘microprocessor kit and a comnuter proqgram

is not the same as actuélly‘developinq and installing an

v

antomated procedure in a real factorv. FVen the best

~

s1mulatlons, abbrev1ated test tasks, anA pract1ce’

examrnatlons must always be only initial and partial

o

assessments of the individual's probable competence in the
. = 5
actual work domain with its many uncontrolled variables and’

w

greater comnlexitv: Yet, the limitations of test tasks,

.

because thev are abbrev1atlons of actual work 91tuatlons, are
L}

1ess for criterlon referenced tests than for norm referenrel

C / tests, This is because‘there is an exp11c1t attempt to tie
hd 4 v
criterion referenced tests directly to the performance

e

required in the actual-work dgT:in, and because ‘the
4 , < .

capabilities beinq tested are m

»

ch more specific and definel
than in the norm referenced situation.

Fven W1th crlterlon referenced testinq procedures it is

1 " \

possible to make even stronqer inferences -about the success

of groups of persons ach1ev1nq the desired learning ottcomes

s

~following a course of instruction than is the case for

individuals. Demonstration of consistently high levels of -
complex performance by many participants followlnq instructlon

provides convincing evidence that the,course is effective in

acAievinq its intended outcomes.

L Con T - -253-
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§gmmary of Major Points Concerninq Testinh
The next section of this book deals w1th reporting ,

. measurements of learning outcomes of colirses to 1nd1vidua]s
®

and groups. Before beginning this .topic, a summary of tHe

. ‘ . < .
~= main points made in this and therprevious chapters on )
. - ~ -
testing is presented.
. . Tests can never measure real performance in true to life

/ situations. They must always consist of abbreviated tasks.
and samples of activities desiqneh to assesswknowledqe and
@“skills believed to be basic to effective practice in some

area. Properly designed tests can‘reveal much about how well

a course is fostering its intended learninq outcomes. Tests

have limitéd value for making inferences about individual

persons' performance capabili ies in aectual job situations.
Althouqh these limitations apply to all tests, they are.
less ?pplicahle ‘to properly degigned criterion referenced .
tests.than tb typical norm referenced tests. Consequentlyu

¢
' tests desdqned accordinq to the procedures outlined in

<@
«

Chapt 10 and elsewhere (e.q., Maratuza, 1977, Chapter 17)
\ ! proViiz much better estjhates of individual achievement of
aintended learning outcomes than ?o other types of testing.’
' They(also provide better estimates of the effectiveness of

- the course and its instructional‘procedures. ‘ 1 -

o s !
- » - 1
By g+3 ’ oY 8 0OD7Je ves rmanc erms and

by logical sampling of teet items and tasks within the domain
~254-
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- . . X
of performance of 1nterest, it is nosslblgwto construct tests
. ]'" 3 ~ .

whlch have reasonable validltv Fxternal checks on the - ; ' .

va11d1ty of tests, involving the use of experts to examine

and crltque the content of the .test an& “to actually complete

.the test help to further validate a-test. Admlnlstratlon of

r.

the test to naive and expert groups will also help develop . : *
i measures capable of d1st1nqu1sh1nq between the presence anl Py
A d » .

'absence of the knowledgeée and Sklll areas of interest

Item analysis and test;reliabmllty)stydles}gav be

carr1ed out once sufficient data is colYected from actual L .

) test admlnistratlons. These procedures can heip fefine a test-

and achieve a proper balance of easy and diffiCUIt test items.

-~

Adjustments can also be made in the abllitv of .test 1tems to

discriminate between persons skillea‘in‘the content and, know- .

-

ledqe of the course and those who are not skilled or have

. &

leds skill. ReLiabllity estimates may be obtained in several ' ’
. - A . L . )

.

N o .
ways. These estimates are useful for detérmininq to what

. s,’:{’ . ; A 4
degree a test is consistent in measuring aspects of. a know-

‘ledge, skill, and_performance domain acros$ individuals' and

roups. ‘o . . S
groups o Ty o * . e
It is a time consuming task to construct good tests. :

Even the best. tests have less than perfect valldlty and -
. reliabllity There are many reasts for ﬁhis, 1nclud1nq the v .
abbreviated hature of test tasks, the arﬁificial work settlnq- o7

—_— - v

'gﬁ< in @hich they are adminlstered, and the usualﬂyariations in’

~ . | -255- “, l, , - .
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- .

human emoétion, moti?ation, attgntion, and;changes in

Al

interpretation of the content of test items by different ,
J . . - i

M ‘ . i

persons and the same persons in different test administrations.

However, if tests have been carefully developed, one capg
. ¢ . .

make strong inferences about the general effectiveness of a
'coﬁrse'in'teachinq'specific information, skills, .and

procedures to groups of particimants. This is .because the

inferences about the group performdnce and the effectiveness

[

of the course are'based updn aggregated data across®

-

individuals and result in!statisticdl means for which there

is rlelatively larae consistency or stability from one

repricatioq of a course to anothe://ﬁII\ether things being

S .
equal. The inference about any pdrticular individual's

’

learning based-on a test score is an estimate sabjectvto

‘much more variation. . -
’ i ] . i
Consequently, care must be taken in the use of. test

°

scores as the means of makinq'inferenbesﬁgbout the-degree of

L]

leardlng achievef by'persons as the result of short courses
in- “engineering: work performance areas. The best use of test
scores for indiv1dual$lwho have qompleeod short courses is

“to recoqnise them .as rough- éstlmames of,the knowledge and
Q. '} .
-skill levels of persons  in some specific areas which have been

e

.

tauqht because they are believed to be related‘to the complex‘

L4
performance domaln. The most 1nappropr1ate use of such

LN

scoresqu'to*report the itdiv1dual qualifled or unquallfled

"to perform’/in the actu?l complex, on-the-job &ork aria

[ “ - ."‘25?‘ ' I‘ o o
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N N . i . . .
information based on actual observation of an individualggk"

| - . < s
.

J :
especially on the basis of a sinqle test score.. Other

performance on comnlex tasks and evaluations of the products

of those performances is necessary to make such inferencés. »
@ e

Another good use of test scores is to make inferences ,

e
A

about the qeneral efﬁectiveness of a given course for
punposes of formative evaluation and subsequent revisions in
course content and presentation to better serve the‘'needs of
participants. Stlll another hithy appropriate use of, test
score data is the,summat!ve evalyation of the effectiveness
of a coursé at any given! time in,its histocy in order to
provide prospective clients, course developers, and others
with qood information about typical course effectiveness'in
teaching particular skills, knowledqe, and information.
Questions about how qualified persons are for job ;
performance in actual work settings after they haVe completed
spec1fic short courses should always be based on multiple
indicators of the 1ndividual S performance capability in’
realistic work settinqs with representative problems ox tasksg
About all test scores for short courses can reveal is the )
degree to which the individual engifeer has learned knowledqge,
skills, and procedures thouqht to be basic to good practice

’

in the actual performance area. High scores do not mean that
. » ) T
the person is necessarily competent. Low sc¢ores can mean 1 .

that .the person is unlikely to be effective in the qu
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. .performance areas. However, scores lower than arbitrary
.

criterion performance levels can also be caused b% measurement

error in the test inst;uments themselves, by inaée@uate
4 , ’ L .
instructional procedures, or by a Yack of readiness of the

, -

student. to enter into and profit from the instructional

., T,
"activities. One should be alert to and attempt to control or

. *

compensate for these factors when using)test- results and other

- . / .
1nformat10n about performancé to make decisions about '
~ I
] 'iq§1v1duals' capabilities or the effectiyeness of courses

and programs.
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Fhapter 13

v

REPOR’I‘ING THF A‘%SF‘;QMT‘NT OoF LFARNIN"/O”TCOMFS

Persons with-interest in' the learning outcomes of

\

continuinag education courses include the participants
enrolled in thg course,‘the facultv who have developed and
tauaht the course, the emplovers and supervisors of tne
coutse enrollees, the administrators and qo&erning bodics of
the academic unit invo}ved }n4gnsratinq the courge, and %go_‘
qoverninq‘bodies qﬁ professional eanheerinq societies wno ,
ars‘concerned with the qualitv of the course. _ For thcsg
reasons, there are a number of different purpgses and

methods for reporting the resultinq learninq qnhedmes for

any continuing education course.’ A wide range of information
must be;collscted'to meet the needs of these’persons to know‘
the effects of a courme on enrollees” performance. ali of

the persons-lnvolveq nead-this information for the purpose of

lecision making (Lacefield, 1980). f :

. :\.///

-farticipants’ Needs - | e

f
¥ - The individual engineer is most concernqd *dith

~ i * bl

Anformdtion about his or |her PndérsEandind of specific’
' i N " \ . o * !

4 . . " )
concepts and-procedures tauqght in the course. Informatlon

<

about student succeas in the speciﬁlc tasks of the course is

part of the lnstructlonaleprocess. Both part;gigants and - °

.1nstructors‘need to, know what 1nd1v1dual students have and

v
.

.
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: g oo ‘
have not yet learned fully and'specifically.what remains for

them to learn more about. The nurpose of learning assessments

\ .in this context is to facilitate iearninq bv the individual!

The results effect subsequent decisions by the individual .
-student concerninq‘what narts of the course to study more,

§« where to ask for assistance,” anil what Future-areas of study

Y

to enaaqe in ow oné's own-or bv part1c1nation in additional

course8 or other formal study act1v1t1es -

;x At the end of the course oF 1nstruction, the enrolle!

! ¥
also have a stronq 1nterest in how well they have performed:
Informétion concernina the deqree of mastery of course
;o - content and skills achieved by individuals is8 of interest
- to these persons. People also often want to know hd@ they
N performed in comparison to others in the qroup."Instructors
,ahodfd'previde both typesjb? info;mation to individual .

enrollees,

-

o Instructors’ Needs

= ...._1___,_... —

Courqe instructors have similar information needs. in

s

order to‘carry'oﬁt the instructional activities and decisions_

reduired for the teaching of the course. Decisions about_

— ’ 9 . .

. when individual students and qroups of students understand-

.

course concepts and can go on to the next task require some

v . R
sort of assessment. This assessment must he made rapidiy

. ,_*and during the course of actual 1nstruction Fmbedded test .

.o | = tasks- such as thase described in'Chapter 7 are particularly

- .
- » .




useful to this end. Tvpical émbedied test tasks ‘inclade
. - 4 ’ | ‘
quizzes, homework problehs, 1aboratonv activities, and other

procedures which require the Participants to demonstrate
thelr ablilty to understa&d and use course concepts and
skllls in soec1f1c ways. This type of assessment activity
- is'closelv tied'to the business %f instroction. It is

v [
idbortant that the 1nFormatlon collected from such assessments

.

be shared immediate1§ or as‘sodh as'possible with the course

enrollees bv 1nstructors. Instructional decisions concerW}nx

.

pace of activities, prov1s1on of individual assistance for

students, anil prescription of remedlal study or work for
.» L.

individuals ox; grqQups have their basis in this ongoing >

assessment of learning. .
' L 4
Course instructors also need. to know how the students
Cop , .
perform at the end of the course in order to make judgments

d

about the effectiveness of the course for particular
a

individuals and groups compared ) other\persons and ;qqroups,
The information about end of course achleven'znt is more
meahingful to both instructors and enrollees if'information
about the entry level skill of partlcipants is avazlable from

pre tests or some sihilar assessm&nt nrocedure.; Course }

L 4

P .instructors can more readily 1nterpret the post test |

achlevement data resultlnq from a course 1f informatien about
L 4

the 4¢ndividual- enrollees bacquounds hag heen collecteﬁ

InformatiOn about prior course work in prerequislte area’s, /

~ute
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\ making these types of decisions. !

the degree to which, basic concepts prerequisite to the course
are used in daily work activities, and the prior formal

- ¢

education of participants is useful for revealina differential

e?fectiveness of the course for iifferent persons.

13

Program Administration Needs
« .
The administrators responsible for the operation of

cont1nu1ng education courses also have strong interests in
d11 of this 1nformatlon. In addltlon they need to know if
the course was taught effectively in terms of the instructor's

behavibr flnterpersonal style, and general competenee both

-
-~

in the content of the course and in the teachlng of the
class. Other 'information about how the cpurse ‘was advertised,
how part1cipants heard about the course, and how adequate;
the locatlon, physlcal settlng, and time perlod used to

teach the "course are all importang information to- persons who

opakate such programs. “Consequently informatlon of th1s

1type needs to be collected, tabulated, and used to make

‘decisions abolit future course offerings, instructor

assigrment’s, scheduled locations, and optimal durations. The
perceptions of course-participants, the persons who gent

them to participate in the course, and »accurate records and

o
¢ -

"descriptions of the condxtlons under whloh courses operate

‘are all important sources of 1nformation'wh1ch need to be

collected tabulated, and summarized for the purpose of

1
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Client Agency Needs ~ ot \ .

Q@

R

Information about the operation of|a course, the :
characteristics of its barticipants, the effectiveness of

the instruction in achieving intended‘learninq,outcomes, and
related matters are also of inté%est to the agéncies and
companies who send enqgineers to participate in continuinq
education courses, as well as to the prospective.partiCipants

In addition, the former aroups are interédsted 'in the . . .

i
qualifications of the course instructors, tHe adequacy of

[ad .

the instructional materials and fac111ties, and the
P ’ committment of the continuing education unit on:proqram[to
continue to work with and support the 1earninq needs of
enqineers in spec1fic\requhs and companies For this reason . '
companies seek information about the reputation of the -
continuing education proqram, the courses, and the instructors
‘, who teach”them. The tacit eva)hation of the worth and
effectianess of the particular course and the credibility

~

" 7" of the sponsorinq 1nstitution is important when ‘decisions are
. f

made whether qr not to involve one's employees in that - . . -,
course; Information about the number of replications of a _ 1

course with different groups and testimonials from satisfied

former indiViduals and their companies often proVide thq

“ 2
-basis for such decisions. ) , ' C

3 . : o ‘ Tay, -
F ' Professional Societies' Needs | . Z .;;“\;/( S
. n o

. 'Professional.enqineerinq societies co ed gith -
v { ' ¢ awardina CEUs for successful short courﬁe participatlon are’ ’
*-263-
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' .

interested ih the qualifications of continuing education
program sponsors, the quality of the corrses taught, and
the qualifications of the instructors who teach the courses

' (Council on therContinuinq Education Unit,. 1979; Martin &-

Creenfest, 1980). Interest in.the specific learninqebutcomes

on specific aspects of cd%rses is not of qreat concern to

these groups. Rather, if tne Areditabiritv of the inst}tdtion

offering a contingiqq educetion program is established, the

assumption is usually made that the instruction is valuable.

. . It is expected that the course instructor will make a velid'
asseesment of individual staaenté'Nleafn}nq;endﬁaseign some,

.sort of érade which qual®fies or does not qualify the

,/ . individual student for CEU credit (Enell, 1980). This is a

common pattern in higher education involving the accreditation

-~

. of institutions which then offer programs and make ]udqments

'

about the deqree of 1ndrb1dual student success in meetlnq
©
objectives f%r specific courses by whatever means.
' ' Y . .
- [ .

' , -

Meeting biverse Information Needs

v . t . . .
‘ : Meetinq theae diverse information needs requires &

thorouqh documentatlon related to planninq, conductinq, and

~

>

evaluatinq continuinq education, courses, Information about

“the abilities of enrollees to perform the specific tasks

’ . being taught in a dourse upon entry to and'departure fron the
. . . )
course is basic. Yet by itself this information is not:

‘ .
sufficient to explain why learning did or did not occur. The .

S . T -264- . P
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a

courses for similar qroups of -persons with different

.education courses are offered: wﬁo is assigned to teach

' their‘presentation: how many’students are enrolled; and how

kY

l1ifferential effectiveness of courses on the same topic, or
o~ . ’ 4

. & |
of the same cofffse for different persons, or of the same

~

instructors and under different instructional conditions
. ‘ ' . ’ : e
cannot be. explained by pre- and post test or other forms of

o

learning achievement sessments alone. Rather, information
j%out the éonﬁitio S under'which'instruction and learning

have accurred, as'well as about other variables méntioned 43
in the earlier sectiogs of this chapter, is needed to interpret
why the obsefved learning outcomes reﬁultf It is essential

to keep good records concerning the details of when continuinq/’r\>>

¢

them; how they are advertised;'what formats are selected'for ) !

!

the content and instructional materials are deveﬂoped, - .'J *

selected and presented.’ The forms included in Appendix A :
> W

are designed to collect data of tiis kind and serve as one

set of examples of how to systematically gather informatign

about course characteristics:* ’ »

The need for large amountq/of 1pformation does not
‘require that-every participant in®, eVﬂry replication of a course
be asked to complete every sarvey instrumentf,interview
form, and available'test g Rather as was su;gested in
earlier chapters, it is expedient to sample ‘per sons w1thin
courses and the employers of these persons to collect some

2

of this Information. After a course has been in operation

) " - : ~265- ¢ '
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for some time, and its properties and c%aracteristics have

-

heén determined and found to he aopropriate, it is only

necessary to assess sndividual student learninq outcomes

-

on the course content and to monitor o&casionally Sther ,

! aspects of partic1pants, course instructors, ané course

. operation, as this information is_needed for reportinq program
characteristics and achievement to various groups.
> Y - Y

Basi¢ Information: Studént Achievement, Course’, and:

--—— -—- Instructor Characteristics — e s ———
’ T T T R

- , The basic'means for assessing and reporting learning g L
outcomes squestedtin this book 1S to use the results of pre-
' tests, embedded tests, post tests, and delayed post tests.
Among this array) of tests, pre- and post tests are most useful
for making inferences about the degree of individual student
learninq resulting From a course and also the qeneral level y

of course effectiveness atross persong. Embedded test tagks

are more ‘useful in the ongoing instructional activities of »5‘
U a.course for instructional decisjon making. Delayed nost .
- tests are-most useful for examining- lonq térm course effects .

L ' *upon participants' functional know@edqe and skill Pn applyinq %

course- content to problems in =& work settinq.

*x

Procedures for developinq theseé types of tests, and -

’ Y S !
~ . means to insure tHeir validity and reliability, are outlined

. » 1in Chapters 6 throuqh 1¥. 1If data from such tests are - L

collected, a variety of judgments T:an be made about the (
; . N ~266-~ '} ’ . .
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¢

» effectiveness of the course in reaching its intended ‘learning

outcomes. Information about the proqress of individuajl 2
learners can be reported to them and to persons thew

designate. Test datd also can accumulate’ in various ways

»

and Qe used to make improvements in the orqanization, content,

and teachinq of the course (for ative evaluation) Test

-

data can be aqgregated to provide information‘about the over- |

.
.
v b -

all éffectiveness of the course in meeting its objectives - ‘

(summative evaluation) Additional non-test data toncerned . , ‘

with participant characterrsftcg“ nstructor characteristics}m“"
- ' . o,~.
and course operation can be colle cted with’instruments“ :

similar to those presented in Appendix A. This descriptive :

data can be tabu]pted and usef to explain the effectiveness .0

or 1ack of efferbiveness of 1nstruction, toward 1mprovinq .

- - e

the quality of future replications of specific courses:
In summary, pre- and post test scores of individuals -

’ N 4 Kl
enrolled in a course are the basid measures of achievement

-

by which to judqe the deqree of 1earninq of individuals and

general level of coirse’ effectiveness. Additional data
L
collected on course opératinq characteristics and instructqr‘

-

competence and behavior are not measures of learninq outcomes, o

-

but are necessary to understandinq the observed’ learning

-

outcomes ueasured by the pre- and post test instruments. Without

4 .

" the second set of non-test data it 1is not possible to explain

the differential ef@ectiveness of.courses for different

14 S > -

persons, .under dififerent conditions, and with different
W . 2674 N - : _
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instructors. Decisjons about courses, their organization,

H

pacing, scheduli?q,'and staﬁfiqq all require hoth the hasic .
I : ) :
achievement data and thé descriptive data which can be R —

‘ At . N .

- \gathered by procedures similar to those described in Appendix
AL o SR |
) Exauples of wavs to report learning outcome$ wili now
be presented.. . It should be noted that learninq outcomes_
. . based upon pre- and post test or delayed post test scores
- are‘meanianui oniv to the deqree that the tests are reliable
. and valid, As was éointedzout in Chapter 10 this means
. P that the course objectives beinq measured bu the test need,/ .
to be stated in performance terms; test items need to be
mapped to the full ‘range of. performance ob]ectlves, a matrlx
of ob]ectlves by test items by topits is needed to insure that
the test is representative of the learninq outcomes expected
to result from the course; the test tasks must be abbreviated
and t}me efficient; and that the test tasks should be
externally.validated.,vThe'reliabilitv of the test items
oL also needs to be}estabiished Assuming all of the 3bove
‘procedures have been cgrried out, tue inferences about , : /
degree of learninq resultinq from a course based upon pre%
'land=post test scores of indlviduals can be quite stran, K . j”
.:. ‘ (/,eppec1a11y if the results are aggregated acoqss persons. LIE ”%
the resultsvreplicate from one teaching of the course to,
results o?tained with other qroups, the 1nference about ° ) .

course effectiveness iw ach1eving desired lear&inq ouécomes
— T o

.can be -very strong. . SRR
H ; . T,
~ )
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In the examples used, pre- and pos}:test data fdr.each-~ °
. R ( . O '. . w. ““.ﬂ -
student enrolled,in the course will be tbe bas@cﬁinEOrmation

’

used to make deeisions about the deqree of learninq aohieved
( 3 J

by individuals and on the average by guoup : Del@yed pOSt

test data is generally hard to collect agdﬁis~usua1ly‘not

o

collet¢ted across all individuals. ‘Rather}-delaggd,ggst tests _

: o - .- -
or other assessments of performance after the codurse has
3 = ..
been completed for some time are usually sampled across o

persons and courses for purpoees of makinq 1nferences hbout A
‘the lonq term effects of courses upon performance.

.

- . \ LA
Gatheéring and Presentinq Ba51c Achievement Bfta.‘,An Exgmple

Let us consider ‘a short course of about three hours
- P KRy :
duration. The course, is titled "Urban Storm Water Quality%g
/ -
Modeling: Removal and Impact." The course was one\of three

short cours ffered durinq the Sixth Annual Inbérnational

Symposium’'on @ban Storm Runoff "held at the Univer51ty of

)
. . . @
Kentucky in July, 1979. The course’ included two’ hours of

S

formal instruction followed “by one hour*of example problém

.

solving and discussion. The problems of, evaluatrhq courses

¢

~ .
of this'short duration are somewhat spec1al because»of the -
g( N

limited time available. %Yet the orocedures for collechnq;

o« .
and reportinq learning assessment data are basically the

" 1 s J‘:‘ T T e
same as for other courses. . ﬁ‘b e T

oS T -

This particular.course was evaluated by ‘the Learnlnq

v'c

o

Outcomes Measurement Project as, one’ of Ehgiactivities df the




group.' The .course was taught by Dr.“Michael Meadows, a

.

civil enqineér in the ,Colleg€e of Engineering. The .purpose of
. the course was to 1mpart néw concepts and Skilleln the topic

of urban storm water quality modeling. The course is an

example of the third cateqory of courses described in

. i

Chapter 2, being concerned with 1mpart1nq advanced technical

°

concepts and skills to pract1c1nq en91neers, tgfhnoloqists,

and scientists. The course had never- been offer d beforeu

awarded 0.3 CEU from the College of Englneerinq, Um;vers1ty
)

-of Kentucky.. A total of 31 persons completed the course in

' - %
three different replications, with eiqht persons in th '

y . %
first ses51on,-f1fteen in the’ second session, ‘and eiqht\%

the ﬁinal sessibn. The part1c1pants were typically c1v1lv

(s

&
enqxneers working%fs consultants or for federal state, oraj'

local qove&nment aqenc1es. ' AR

-

vThe maj£r intention of the evaluation was to determine
s L4 *
the effectiveness of the course, rather than to make stropg

4 .

1nd1v1dual assessments of"eaeh student S learning. The"

. N A

reason for this is that the time available for instruction

.

- was very' shott. _No more‘than a few minutds could be devoted

‘to testing with a maximum of ten minutes allocated for the

-~
.

pre-test and another ten for the post test. ' « 0 :

The course instructor developed twelve test items of the

essay or constructed response type. The twelve items _were

-270- -
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. for use as pre-tests ‘and post tests. The actual test

" sorted into three categories: "easy items, moderatelv

difficult items, and difficult items. Test items not meeting

°

‘these-criteria were rewritten in order than an equal number

of items in each cateqory was obtained for each test form.

v

One test item from each. cateqory was randomly assigned

to an individual form of the fest:\ Four forms-were constructed

. [N
’ .

.

questions and their assiqnment to the ‘four different' forms

"of the test are shown in Table 7.

i —-—

An item sampling procedure was carried out to insure an
adequate assessment_ofnthe_learningeoutcomeseof_the_cgnnse*

. . ) ) . < ‘ Serr o
This is consistent with procedures designed to éstimate the’

.effects of courses on ‘achievement of persons generally (Lord

i)

& Noyick, :1968; Shoemaker, 1973f. Howéber, the perfqrmance'*

- of each individual on these %ests is only a partial estimate

of each 1nd1vidua1 student s learnlnq in relation to the

"total course content. Yet, since several individuals

responded tp edch Qquestidn on the pre-test and severai:other
items on the post test, a’relatively.accurate estimate of:
the entry knowledge level of part1c1pants as a group and the
growth in the knowledqe followinq the course’ act1v1txes
can be obtained.

The course instrectof qraded.each question in tepﬁs of
the knowledge displayed irr -the answer which had been

constructed by the individual participant. Three scorlnq

cateqories were used w1th a 0.0 value a331qned for answers"

. n3=271-
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. S . Table 7 -
\ . ‘ . r . .
i * Pre~ and Post Test Items and Theiyx Asslqnment to . .
- o ‘ Test Forms for the Urban Storm Water Course . s .

»

i
a N .

l.  How are the parameters for stormwater pollutant wash-
off models determined? .

2. Which stormwater pollutant washoff model are you - Yoo
) : familiar with? What is your major criticism of this U
* ' model?' ., . _ : . '
. ~ . ' . -
3. What is the state-of-the-art model (equatlonsL for
routlng unsteady streamflow? ‘

.

-\
.

, 4. In stormwater and quality modeklnq,\what d%es the .; . -
' témm ! reglonallzatiuﬂ" mean? =, . - )

t . ® o

R S o TR ey Coe =~

. RS .,.5. Whe'n a'rf )t celerltles of stréamflow and water qual rty

b - 4__,.:"7’ IR x mDQ’EIS h dm 2 \.v I . . ‘_ 7;!%.;\‘ “ 'ck.. )
5ﬂ_:’* s Distinquish between dynamie ‘and knnematlc wayes.

’7. How can anperson bést simglate the dynamlc response of
,a receiving stream s water qqallty system & stormwater

& o pollutlon? - . - ) . e
) 8. Are all one dimensional streamflow and water quality é
. 'routlnq models compatible° Explain your answer. -- B S
* .8 ¥ ? ’
¢ '9. _What model would ‘you recommend for routinq streamflow
.o durinq perlods of stormwater runoff? ‘ 0
- lOl What process(es) is (are) 1nvolved in the wahhoff of - © .
' %5’ pollutants from™ an- urban watershed? - N o

; 1l1. .How can data collected at one’ ‘watershed be ‘transferred
o » to another watErshe.d’> }

- e ' - ..

’ g Col2.ro During the prellminary assessment phase; of an area-wide
D quality study; how €an a person identify those land use.
areas that are potentially slqn}ficant ‘sources of

.

stormwater pollution? . . . ’
. . ) PRE-TEST QUESTIONS * POST-TEST QUESTIONS” J .
; R} " FORMS . ) o ’
R A ' 1, 2, 3 ° 3, 9,11
B -~ 4, 5, 6 .2, 4, 12
C ’ 7, 8, 9 "5, 7, 10
- D ? lo,"ll, 12~ l, 6, ’8
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' score for anyfperspn was 3.0 and the minimum score possible°

.scored 1n th1s manner by the 1nsxructor and ‘the results for

‘/1ndiv1dual students on, the four test fdrms werepnecorded ¢ f:‘h
‘pre- and post test roles was determlned by a ohe- way analys1s
"forms of the tes§? {n this Drocedure it 1s assumed that

on both the pre— and post test, ‘all participant qroups can |

be v1ewed as being" equlvalent 1n terms of their expected

‘equivalence of the test forms would be suggested. .‘In llqht

with no.knowledge of‘the—concept, 0.5 being-used for scoring
the presence of some knowledge, and 1.0 beinq aSSiqned-for
correct knowledge of the-qnestion‘content., Each item was

. - '
scored in this manner for each person. The total possible

‘ '

was 0 0 Responses to. both the Dre— and the post test were

~ .

- -~ v

The equxvalence of\the vafious ﬁorms of thé teSt in ‘the - W
. q .
e

- . - f

of varlance across the scores of partlc;pants on the four v

because of random ass1qnment of part1c1pants to test forms : v

AR

2

mean scores on the tests. Therefore, 1f there are

statistically significant differences between the four forms

of the test in either the:pre- or post test role,. the non-

of such findlnqs, the ‘test items and fogms might need to be .

P l N
v i . N . -

reworked. ; : .2

Table 8 contains the’obsérved total scores for the 33
; \ i
persons who began the course and were randomlyaassigned‘to .

" one of the four. forms in the pre-test role. Person5°from"alk

three replications of the course were poolld\gor,the analysfs.' ce
In Table 8 the agtual test scores for persons’across the -four ’

< ¢ "

; . =273~ . I
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Pre-Test Total Scores Across Test’Férﬁs
Urban Storm Water Quality Modeling Course

N :

Test Form

\

los]
Q

.
.
4
4

. ” <
rOoOOODONMNDOOO O

* e
v

ocuviounooow

.

. . ru
OCUOOOOoOOODCOO O
HOONOO OO

‘ :Stati‘stic
n 6 12 -

X 1°500 -0.417 . 0.667

" ¥.265 " 0.634 . 0.707
. ’ R 4

) One Way Anova Table °

D —

Source .88 | af Ms F

Between Forms 10,629 3 ©3.543 '5.480 0.004

’

Within Forms 18.750 29 "0.647 .

Total 29.379




N

~N

h'forms of the pre- test are listed along with the mean scores \

’ \J
[

8 ‘and’ standard deviations for each form Followrﬁg this

4

N 1nFormation a one-way analvs1s of Variance table 1s‘presented:

: ’ v

It is apparent that the~four forms of the test are not
l - -
equivalent for the 33 persons ‘who completed the pre- test

Forms D and A were the eas1est and forms B and C the most

difficult Of course, these findinqs could be due to

o

diffevences 1n the entry 1evel.knowledge of part1c1pants in

the four. qroups even though they were randomly as31gned
&2

By chance alone, more able persons may hame been assigned to

forms A and P. However, the test 1tems and fqrms should be’

’,

reworkeﬁ to 1nsure more equality of assessment of entry 1evel

knowledge in. the course content, gince the .statistical test

N

shows that the probability of such a distribution of scores
under random assiqnment of persons'to test forms 1s unlikely.

-

Table 9 is a similar presentation of the individual
total scores of the 31 participants who actually completed
the course across the.four forms used as a post test. Again
the individual\scores of persons and test forms, standard v
deviations, and_an analysis of variance table are presented.
Persons ffom all three replication ’of the course are pooled.
The results 1ndicate that in the pdst test role- the four
forms of the test are not statistically significant from* one
another. Of coutse, - thlS may"®be caused by the fact that the
instructlon inmthe'course-has caused, all persons to master

~ .
4 . ‘
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' - ., .Tablex9 <
) [ S .7 ! .
. " 'P_o‘st'Tes’t Tot;al.Scorés Across Teést Forms e :
' UrBan Storm Water Quality Modeling Course
! — " Test Form ., .
-' ) ¢ - ) ' ' ) M .
A v 7B c D
2.0 ° 2.5 2.3 3.0 _
2.5 - 2.0 . .2.0. © 3.0
30, 3.0 U 2.0 2.0 o ¢
' 3.0 2.5 2.5-. 1.0 :
2.0 - 2.0 1.5 3.0
3.0 3.0 2.5 2.5 ‘ .
2.5 1.5 2.5
) 2.0 | 2.0 . :
- - . 3.0 % 1x5 © ’
{ . !
Statistic . ) . . .'
Y., : F 4
n 7 . .. 6. 9 . 9
of
X ° 2.571 2,500 2.167 2.278 .
S '0.450 0.447 0.500, 0.712, -
One Way Anova Table '
Source sS df - . Ms 'F p<
Between Forms 0.827 " 3 0.276 0.900 0.454
Within Forms  8.270 27 0.306 _ .
Total 9.097 . )
-276- ) ‘ <
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the mater1a1 to such a high- level that differences in the :;)

dlfflnulty level of the four forms of the test no longer

~

exist. Or it may be that the ﬁour forms of the test are

equivalent. )

* For purposes of this example, it is assumed that the four

§

forms of the test are equivalent. It is also assumed that the

tests have been properly constructed, and that they are

~

‘both valid and reliable. Administration of the tests in the
pre- and post test roles to other groups and subsequent
_analyses would help confirm or refute these assumptlons, as
would the carrying out of appropriate item analysis and

test form reliehilitv and validity studies (See Chapters,

10 and 11). 1It should be noted that the method of ass1qn1nq
persons to test- forms in both the pre- and post testing,

althouqh random prevented any ‘person from.taking the same

s

form of the test in both the pre— and post test 51tuation
Fiqures 2; 3, and 4 show-the results of the three .

replications of the course on both pre- and post tests., Pre- -

and post tests scores ;ré plotted against the rank of

w.persens in each section of the course. Persons in Groups

N °

1l and 3 have been ranked in,order of the overall quality of

their total written responses on the post test, a procedure
A .

carried out in addition to the individual grading of items. .
Since there ?re 8 persoBs in.each group, there are 8 ranking
categories. For Group 2, which had 15 persons, the actual

. observed post test score cateqories are used for the ranking.
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PRE~-AND POST TE ST RESULTD
URBAN STORM, WATSR QUALITY MODELIKG:
REMOVAL’ AND IMPACT

- GROUP 1 . m=0.1ul
P . \l‘l = 1{5 - L N ‘_,’. b = 1?1-}
3 = @ __& . r = Or)L'./
: @'@ - | I X=24
- . - N FT, - X = N V1S
\ - — == ‘_",_‘g.‘i S y s 0.417
‘ . 2 @@ ) ® .ol
Score on o ) : .
Tasts 7 ®r . A
, ! ‘ n=0,012
. 1 4 - ) o , b = 0,696
) © ’ . --..-.-_.@.--.— ceer = 0,03y
;—:0_--;—:.-.‘--“-~——--—-—r“h—‘."’§_'__':-:-.——- — —
- . . . X = 0.750
: ' - © s = 0,756
R . -
0 - ®© 6 0 (
: * Vs 7
; - é i i i -1 1 \ i
Student Code 121, 123, 143 122 132 133. 131 142
. Post Test Rank | 2 "3 b4 5 6 7
Test Foim Taken* 8 B B ¢ ¢ € D D SR
® ~Individual pre-test score o
& Individual post test score
. ' __Test mean score fcross persans for pre; and post tests
'--z-?;-n3-~Pe?5°n rank on post test by ﬁrp— an& post tast regression line |
' i . \
I Test standard dewlation \f
. ) » vy

L
W

, . Value of maximum score

Value of minimum score

- : ' , « ) Y
L3 ' :

L
. O

L4
«

Figure 2 Tllustration of a graphie means for reporting 1earn1ng outcoune,
Jeasurements for a short course to individual pazticipants and groups.

*Sae: Table 7 for determinetlon of test form
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PRE- AND tPOST TEST RESULTS . ' ) .

URBAN STORM WATER QUALITY MODELING:. h
, REMOVAL AND IMPAC:I' ~
' _y-' . GROUP. 2 \ L o
\ n = ls . , p) ’/’
3 —_ . . [ "s N @.
. . w //’ '1
-~ - 4 ,.'” .
T - ©; ,g?? o '
N e S O B
) 3+ .-° ' N {
~ q - - vty -
. 2 R . L //’@ . - (@
Scare ‘on R ) vidl . ’ —_
“ Tosts - - .1 . ®q T
~ . w //? . "-' -___‘__-"'” .
P — — -’4‘—/ --—) — yreee "::0___'-—%"—: -_ — — -
4 v ’1 g //@1 _—--‘_®_1___..-—"/ o .
o - - *’/—-—-’_.- -
£ M el . —
v - : @
10 - ICRO R ®, By - @
! . N
~ . T T T 7
" Post Test Radk . 1 2 3 4 5 ,
Individual pre-test scores. v AL
Individuai post test sadies o o ST e ™\

h

Test nean 8cOres across Apersons for pre- gmd pqst testst

I o 'I‘est standqr,d doviation » ;

by individual persons,
4 "27?"

“ ’ . 298

- - -

i

Person ranl; on post test by pre a.nd pos‘r, test regression lines
v

Figure 3 Ieanﬁ.ng outcomes rgsulting from a short nourse for engineers
. on drban Storm Water leity Modeling,

ocade
v

..

g
} s Pre-Test' Post ‘:l‘est ot
o ' Vpluql of maximum score = 3 g Q,195 0.500
‘ . b 0.513 0.500
' Valug of minimum score = 0 r 0,195 1.000 -
' x- 1,167 2.267 :
) s 1.097 0.611
I S N ) ,
. Yy %

* Individual persons pre- and Post test scores aomss forms cannot be 1isi, e&
in this figure because persons are ra.nked by scors categorles- rather thua.
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‘ PRE- AND POST TEST RESULTS | -
N URBAI\J. STORM WATER QUALITY MODELING - -~
~ L REMOVAL AND IMPACT ‘ -0 .
L . ~ aGROUP 3 -, S 0.238
N . - ‘ ) L =g , . - b =1,179
. . « 3“" L : - ’ ®.."‘® r £0 9}6
. C ' . ' . Lt
l ) / s ’/"‘
- 7 . ’ (’ ®4’>,® -
L e e e e % . x = 2,250
- L2 T T T T s = 0,598
-, - 2 —:- <. \ ®"’ ® . > » °
. - L, PR \\\\
Score on .1 ° . PP ¥
i’? = ®o“‘ ‘ v,
X . Tests v e - - .
. 1 L~ ' ¢ - b - V"‘,"m =0-155
N — o N -« @ @ “@ b = -0.1‘96
s s IO r = 0,819
. Ny e Ga-E a _ . Jx = 0.500 *
\ — - T T T T T s 0.463
A Y ,-.’.—’ ' . N - ’
. 0 o ")@'""@ . ¢ O; v
' o 9 .. ' ’ ’ ' '
.. - A C !
- Studeng Code o323 32 3k afh i3t 33‘4 aés
X Post- Test Rank ° O R T } 7 8.
¢ e * LIS T .
_ Test Form Taken* Lo A k B B B ¢ .
. L) . * )
o Indiv:mual pre—test score ° A ’ .
\‘. ' S ’ T
‘ Indivn.dual post tast sQ)re P .
e . ) ' Test mean~score across persons for- pre- a.nd post tests - '
R Person rank on post test by pre- and pos st test regression line
<

- N - 2o
- I ) ‘i‘est" Standard d\eviation
- « Value ‘of maximum score = 3

° Value of minimum score =3 I
- ' - S~ | w ‘
i ) F‘J.gure 4 Learning outcomes resulting from a short course for engineers
-on Urban Storm Water Quality Modeling, ,
. * See Table 7 for detemination of tost form,
o . -280-
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Slnce only 5 of the "7 poss1hle total score cateqor;es

¢ ' oCCurred in fGroup 2, there are S‘ranks. - )
R - f

. T A mean, standard deviat+don’, and reqresslon llne are

k3

Pl

presented for both ‘the pre ~test and,the post test for each
“ "~ of the three qroups. The 1nformatlon iSFpreséhted 3. v ‘.

qraphlcallv as well as numerlcallv. A qulck glance at. the®
three flqures reveals the bas1c patterns.‘ The‘%ost test

. -l

means are Seen to be un1formlv hlqh and about the _same ‘value'- -~ .

 for all three ‘qroups., The pre test means areoSeenxjh be .
. * -
A much “dower and ahodt-the Same valne for Groups l,and ? but

° .

/; qp be hlqher for ﬁroup 23", _The qreater varlabllutv of the : P

. \

. four ?orms of the test across the persons on the ‘pra- test is

é
1mmedfately apparent‘“es§8c1ably for Groups l and 2 ,Thea .

- ¢ - < N

°

most striking feature of the-qraphs ds the consistent and
s ~ .
larqe\Hfoerence betweEn the pre test and po\t te/t means .
S across the" Ehree grougs< f\\\\_“ B _ T T Ty
| . 8 - < T ‘
/. . fpta of this type collecbed .on well de51qned pre--and

..‘ o o

. post tests across repllQ&thhSlOf courses is strono evidence -

o

~r 4
* of- the degree of learn1nq wh1ch has’resulted from the course - .

N -

. -Pregented in qraphlc form it is mubh more, interpretable than
PN N <,
. ' if 51mplv¥presented numerically. Commerc1al computer' .
.4 ~ t . . . ) . "
proqrams eXlst whlqh allow for the easy tabulatiOn of pre— o

and pOSt teet data and the constructipn df plofs simllar

to those presented 1n Fiqures 1 throuqh 3. ,The lnformatlony

".gained from such data is useful for both formative and . e
. 4 . . - .

- . . -

. L. - ' . . ¢
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summative .evaluation nrocedures.

" . reporting results

it can he used for.

of learning outcomes to manv qroups of-
. 4

persons, including gourse participants, course 'instructors,
. (]

program administrators, client aqenciéé who sent participants,

and accrediting qroups from profess1onal orqanlzatlons. It

is ‘the most basic

learnlnq outcomes

'1nformatlon about

data which can be obtalned about the

of the course.' Without this or similar-

-

the’ performance capabilities of course

f °

part1c1pants at the beqlnnlnq and end of the course, 11ttle

¢
.

can be said w1th assurance about the degree.of’ learning which

has resulted .for individuals

or for qroups taken as a whole,

For theﬁe-reasons the evaluation of‘individual learning

outcomes or the evaluation of course effectiveness generally

needs to be based

{

upon some simildr pracedure. The data

. £

collected is uot-only useful to revorting the individuyal
14

achievements of particular students to them, but collected -

over replications

a program, it can
1

the effectiveness

organizations and-

.
®

of a course and over many courses within

-

¢
& ‘t ’ . ¢
be verY effective in making assessments of

of courses, warious instructionaly’

arrangements, and the crediBility of

@

programs’ of continuina education offered bv universities !

or other agencies. - 5

[ . -

gggogpingukgéxpinq_QuébomQ§_Eo"ﬁnqiyidual Students

b ]

the aCCUracy and adequacv of performance facilitates student

E

e It"is well establ{shed that immediate feddback concerninqg

~282-~
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- N -

learnina and motivation. Courses instructors should always

provide students with-the results of corrected homework

r . .

problems,"quizzes,wlaboratory exer~ises, and afher types of

embedded test tasks as soon as possihble after thev have -

‘-

been administered. . Immeédiate knowledge of results is desirable
. \ ‘ ‘ .
..in these situations. This procedure allows individual v

.students to compare their own recentlv comnleted performances

v

to those presented bv the instructor. Oftentimes the

M 9

instructor cannot provide students immediatelv with their

corrected. and scored homework® nroblems, exercises, and

quizzes because time is needed gg complete the correction of

4

student responses. An alternative procedure is to hand out
N . ] | * . .
common sets of correctly work®d problems,- solutions to test
- - . . &

problems, and laboratory exercises. 'Tﬂ!é method achieves

. imyediate feedback' to students about the adéqﬂacy of their

~

recently completed performance agairst a detailed example of’

how the problems or exercises should have been completed.
. N » L 4
However, correcting and qradinq:of individual students'

homework and.other papers and'prompt return of these to -

students remains 1mpdrtag§a

» -
3

. JIn shomt courses, simiiarC}o those often used in

D ¢ '

continuing, education activities in enqineering, time is so . -
£} N .

limited that it is difficult to correct promptly students'

work and to arrange adequate opportunity for individuals to

.

examine and reflect on these results. Some of the ?ethodg
N [ [} ' h

- for overcoming this obstacle are noted in Chapter 7 in the

-

. -283-
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- worked solutions handed out as soon as participants have

\
di&cussion of embelded testina procedures. It is important

that both students and instructors quickly obtain knowledqe

of results from embeddedgtest tashs in short coursés.'

Otherwise the assessment procedures serve no useful function

s

for guiding learning and instruction. The Haan and Barfielqd

¢

.(1978) Hyarology and Sedimentology of Surface Mined Lands"

~
course, as it is described if Chaptér 7, is one good example of

how to provide students’ in short courses w1th 1mmed1ate know-
‘e },
ledge of the results of their performance. This cpurse makes

use of embedded test tasks, sample problems, and completely

»

completed assigned work.
One advantaqe of the_multiple‘choice test format or
other short' answer objective tests is that they can be
scored 1mmed1ately after students have completed them. A~
standard scorrng sheet can be used by students to mark the
appropriate answer to' each question, The answer sheet can
be scored by machine immediately; right in'the classroom,

if the proper equipment is available. Equipment for this

]

‘purpose is currently commerciallv available. However, even

without such eqUmeent, standardized answer’sheets for
multlple choice questions can be scored by hand using a
scoring over-lay or a master answer sheet.. A test with as
many as thirty items can be scored in as little as 15 secends

by this procedure. Furthermore, the correct answer to each

" question can be marked on the student's paper by marking

~284- ot




through the opening on the master or answer sheet. The total

©

number of errors can be counted as scorina vroceeds. and be

L) s Y

‘ noted on g?d student's answer sheet and recorded by the .

»

“t

inétfhc:;rA The scored ahswer sheet with the correct responses
. , A

the student missed can be returned to the individual ,
- Ll . w

. %to. item

student a few secaonds after he or she has completed the test.

N\

Ff.\gge student can be alloWed to qgo over his or her own test usins

’ the corrected answer sheet and the test booklet which
¢ contains the questions and problems. In addltlon, a . ¢

solution sheet can be provided which explains why a particular

- >

answer is correct to each question on the test and why the

distractinéaoptions for each question ‘are wrong. Use of

/-CW“?M““mmthis procedure is exté%melﬁ effective in nrovidinq students

N 'wézh information about the}r performanpe. Tests carried out
: > N

¢ in this fianner are very instructive to students who quickly

¢ )
: idegt%fy what specific¢areas or concepts they do not yet
) ”QE - under%tand and need to learn to master. The immediate'
‘ scorid% and reqordinq of the test results by the instructor
a l)ﬁfifﬁalso adert him or her to problems that individuals or groups

are hav1nq. Oftén, immediate coreective attion can be taken

AY2XN

by thé instructor when’ the testing is completed in order to

$
< »
.

remedy problem areas. . . -
Ny - ’

quure 5 is an example of an actual answer sheet scored

DAY

by a hand key and returned to the student dmmediately after

.-

- the't‘st was cOmp;eted. The scoring key is simply another

*

answer sheét with spaces punched out for the correct answer
a- .

e
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v A o ‘ .
o o - - ‘ ‘
e ——— m r‘mmwx*:mmrxz':'mv T ,*/‘ " 7Y SR IO AR I . R R
. ) AY‘WQ( : LL)YcCI)'Ié
Y L L READ THL FOLLOWING BEFORE YOU BEGIN
‘ - - g’ ' ) ce Use blak v o penal only (#2', or softur]
. * 9 RN o Make heawy il uk matky that Bl the cucle lull\plc tely
) o "o krase clear any answeg yol Wish to chdnge. ‘
. e Make 1o si ay md:ks on lhs answ rr sheet:
GENERAL PURPOSE | e 1t Miophcessor .
-THBISTH&LOHHECFWA\II)MAHKYOURANSWERS
ANSWER ’S}"EET < ABGOf ARCDE AB G DL,
SRR . 1008w | 200000 . I0BVOE ‘
. e — Ut - . —
ABCDE « AB.CYE ABCDE ~ AR CDE ABGDE ABC DL
10OFOE 1 @OHS NHHHEEG W06 . 51IOLOHOO
ABCDE ABCD:! ABCDE AR DE ABCUE ABCDE -
= 2000 (n®AVEHR (ZHWOOO RO DG 2D N00OOE-
LA BCTDE B CD.L ABCODE A CDE Y ABCOE AbCDE
IPOOBO  13BOBCE ROOOQG BOHGE ' B8O000WE  8B3OOOEG
A1, CDE " AB.CUL | BCDE AL CDE ABCDE Apcoprn ”
IOZBOO L HOPOOE  UOOOEE HEGO OO .. HOOOGEH HOEOOE
. pBCDE ABCDE ABCDE " A G DE ABCDE L AL LD .
sEOBOC . BOOOGH  BOHDOEE  BOGHIGG  BOOGWD BOOOOE
A BCDE. ABC DT ABCODE S AB G DE * ABCDE AB & DE
QLO®E [ OIOIOIORY BLOOOGE KOS OO WOHOEGED 600
ABCDE, - ABCUDE ABCDE CAB L DE ABCDE ABCDE
10RO RAGIOIOTDI®: 2M600G It anG) YOS 570G U@
BCDF AB L DY AB G DE Aot LABCDE ABCDE
8;2@0@@ 1BOOGQ v WODDH@( 3 Ga.. v DGO BOGL®O
ARCDE ABCDE ABCDE ABCD. « ABCLUE ABCDE
IOBHEEO  MOROUG  BOEOEE PEwHO THOOO0ED NOGEOI
T ABCDE - ABCODE AR CDE Al DE - ABCDE ABCDE .
= 0OQ2O0OO WOOEDE  IOOEREE N 2 ww® WOOOOE HOOGOE
A gg‘o L ABCDF ABCDE ABCDE ABCDE ABCODE
HOIBICIOLC) NOO O 81(-)u O@@ N O WOEEO®Ee® NOLWEE®
ABCDE - "ABC DL CD ABCDE ABCUE ABCDE
BOGCEHL NOOO®m® M@U@@K) REWEODEG 1020000 H2®@®@@\J
' ABCDEt T ABCUE ABE DE’ AL oD ABCODE BCDE
BOEROEE 130500 ) gfammmmm EXIONSAANO T (IDIQIGIDIO) 11300@@@
.«  JFigure 5 Sample Standard Answer Sheet for Manual or Machine Scotring
N ’ "is}’ ’ .
o " Indicates the student's individual response to each item
¢ B . '

] 9{ Indicates the correct response as scored by the instructor using the
A scoring key, when the_ student has responded’ incorrectly.
e © -286-
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’

‘e ’r_‘;(;, , - I3
P \ N
to each question;:'f{IF no standard answer .sheets are available,

Mr‘

suitable answer sheets can be constructed hy tvpinq‘rows and
b .

l

columns of zeroi or capital "0s" on a plaln sheet of paper

’

and adding numbers for rows and letters for options w1th1n

l
rows. The master or scoring key is made and uséd in the'same

-

,Amanner as is the\case w1th the sample answer sheet in Figure 5.

Similar procedures can he used with other objectively

-

scored test items. If the test items result in a particular

’numerical value, the construction of a particular diagram,

pr in some other standard response which can be quickly and

\ohjectively scored, relative immediate knowledqe of results

Y .

can be communicated to students by scoring tests and returninq

them to students as soon as they are comoleted
\
It should also be recalled that multiple choice test

items can be used for any type of testinq situation" The
sample test in Appendix B illustrates how complex performance
capabilities may be tested for by well designed and

abbreviated test’tasks. Much 1s saiq aBout this in earlier

r

chapters, It will suffice to note that if more attempts

)\‘5
were made to coqently encapsulate the basic features of
.l g{) W
the 1ntended leafninq outcomes of courses within well ,

_constructed test 1tems similar to those shown in Appendix B,

it wou&d be much eas1er to score student performance
\ o M
1mmediately after assessment and communicate the results of

o~

individual's performance to them at once, . -
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At the end of courses it is alsd important to communicate
the achievement resuits to the individual. Information about
th much each person had 1earned with respeact to his entrvy
level knowledge is of ‘interest to the participant If the
course is small and the pre- and\post test scores of
indiViduals have been plotted against some criterion of
performance capabiiity’(e.q.” Figures 2 and 4) this information
can be shared with individual students following the course,
in‘both Fiqures 2 and 4‘each sthdent can identify him or
. herself by the student cbae number. Tne pre- and post test
scores of €he individual can be identified. 'The‘person's
performance in relation to otherspersons in the group and
in relation to the degree of maetery can all be determ%:ed'

For courses in which it-is not possible to list each
indiVidual 8 performance on a qroup performance graph, it
ie still pOSSlble and important to provide participants
with information on their own performance'in the course.
Figure 6 is an .example of a standard,form which can be used
to report:the achievement of individual students tn courEes

3

to pErsons .at the completion of a course. Typically it

might require a few days to compile and prepare all of the
individual achievement reports for a course. These can be
mailed out to students at the conclusion of “the course.. With
efficient scorinq and proceSSinq procedures, it is often .
possible to provide participants with this type of information

prior to their departure from a course, In any event, the

”
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. ‘ Figure 6

.MAN,UAL INDIVIDUAL ACHIFVEMENT REPORTING FORM

Name : __-ﬁ/own ,' clarles St éﬁo’d- #/22, -
; 7 - T T -
Course: . - Urban Storm Water Quality Modeling: Removal

e

and Impact - -

Instructor(s): _ Dr. Michael Meadows

Date(s): _ July 24,1979

Your performance &n the pre-test and post test is reportei
below in both graphic and numerical form. 1In addition,
information on the perf&rmance of the class.as a whole is
also recorded. :

, <
Class Perﬁormance
Pre-te;t (x1) . ' Post test (x2)
n = " 8- n = 8
L s f(%) = 2500 < X () = 81.27
5xdy (%) = 25,20 s.d. (%) =13.90 o
c .t . ) |
- e any ev—— 8 - I}
. Your Performance ¢ .
" pre-Yest (x1) | ) : Post téstp(gy)
) Y Scdre b.“oo S 83.33
Percentile Rank 37.57 ‘ (2. 50’

sPlot of individual and group performance: Pre- and

:post test '
- 0%({} C—I— E@ |100%
. |\ R S bt
K - 1

ooy ‘ X .

|

- — i e s o o e

n = no. of participants - € Your pre-test score
X = mean test score " - '
s.d. = standard deviatio,nID G?Your post test score t

)

el 2

. ) . . o v
We hope this information 'will ‘be beneficial to yeu.
Should you have questions or commerits please contact this
office. . , : - .

*Percentile ranks based upon rank:o:der scores of pif- and
post test scores shown’in Figqure .2, paga 278.

. ~289- .
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opportunitv to share with individual students the.results
o N,
.‘/ + of their performance.on the pre-test and the.post'test should
) . \ . N [

. not be &ependent upon completion‘of{the achhevement report.

L S
- "y

can also be scored 1mmed1ately and theJresults communlcated
tq the students with corrected answer sheets, the test

+

question bookfets, and solution sheets. If the t%st results

are not shared with students immediately in this or some

. » S ) .
similar manner, the ‘instructional value of the testing

~ procedure is lost. . o - '

.,

Even when ‘students . have rece1ved 1mmediate feedback on,N
thelr performance' on learning assessment activitles, there is

still @ need to make a summary report to eaéh student at - the
L4 1Y s *
. "« end of the.course. quure 6 is a completed achievement

¢t — - report for one student from the Urban Qtorm Watet Quality

Modeling Course. The student may be identified in Figure 2,

3-

. The name listed in quure 6 is. f1ctic1ous, but the results

.

are for a real person enrolled in. this course, The form is

-

. .
designed for easy use by clerical staff involved with the

N N
continuinq edﬁcatxon program. Only the informatlon whlch is

e

written in by hand needs to be prepared for each ind1v1dual -

,student.. The remainder of the information :pertains “to ghe
._

participants enrolled the 1nformation which.applles to the

entixre course can be typed_on‘a;master copy for that course, -

: : DT, Tm200-7t T -

Rather, by using the methods deScribed above, these tests nd

P

learninq outcomes for the entiﬁe course. I} a course has many

’

. Lo




t - o~ o .
4 / ‘,‘
v . o, L L ew
A ] w 2 ‘q p
. °:>' < . . R
5 .o suff1c1ent cop1es can t§§§ Qe*dupllcatéd to prepare an -
- A d . d A"‘;& e
\ .
.1nd1v1dual report for eaéh enroLigg- xhe spec1f1c 1nformatlon
‘for each 1nd1v1dua1 can : a%lﬁe added W1th m1n1mum effort.
¢ - [ vs A‘(

Thls is 1llustrated in quureiﬁfby the nandwrltten information.

l
’,s \ .L

- 7 T The .name of the course, %@ &ptor ard the data ‘can
',\ "
all be typed in on a master. f%e's prooedUre can be \;

., followed for the information dbout th classoperformanae

In addition, the ‘pre- and pos; uéa&’means apd standard

.-.!
deylatlons can also be plotted on “the master. All .the cop1es .

needed for the total enrollment éé the coprse can then be
duplicated. What remains is to simpfy'add the information
needed. for any individual ﬁpls amounts mo addlng the °
= person s name and ‘student code number, llstlng‘therperson s
pre—'and post test scores and percentlle'ranks, aqd plottlng
\Q\\\ ‘the person's pre- and post test scores on the line whrgh
lalready contains the group means and standard deviations.

“The line at the bottom of the form on which. the group

pre- and post test meand and“standarg deY;ations are N -

plotted along nith the individual's scores on the two tests

is fac1litated by the length of the 11ne and the metric ‘

’in which the test scores are repofted T the line is 10

centlmetérs long. The 5scoring metrlc 1% 1n percentage of

the tota1 possible scorh\\ It is a 31mp1e matter to plot an -
v 1nd1v1dual's score dlrectly as a percentage on tlie 10

. oentlmeter‘scale w1th a metr:;\ruler; If /time ‘is short, the

.group means and standard déviations.can be plotted on the
D . 7 ‘< { A . ,

. >

-, N -
°
- \ 310 7 -
- M * N
- . V'




~

master form for thé group, and the 1nd1v1dua1 be instructed

-in a standard comment on the form to plot hls or her own

.
®scores on the line if so desired.

"The form is,simple to use: It provides individua]

pParticipants with the basic information they heed concerhing

formal assessment of the1r learning outcomes 1n a course.

In addition, if,a form similar to this one was prepared for

\

each -person in each course in a- c°nt1nu1ng educatlon proqram

3

over)many offerlngs of courses, much 1nformatlon about course

.
.

effectlveness over repllcatlons and much information about

»

‘Program effectiveness across courses,couldibe accuhylated. -
Although such information{aloneawill not serve to replace the

tacit evaluation of courses and the institutions which offer

[

them by the client agencies and groups who enroll in \
- ., . L]
continuing education courses, such information can be very *
: ¥
useful in a supporting way. ' It _can aleo serve as an aid to -

~

quality control, improvement of courses and programs of

study, and evideﬁEe/o; the worth “of continuing .education

-
-

act1v1t1es operated by universities, colleges and other units.

Accredltlng agenc1es, professional soc1et1es, and governlng

.

boards and groygps all\have'legitimate interests in this type

°

of achlevement data aggregated over courses.

. °

The task of - preparlng the 1nd1v1dual achlevement report
“can be simplified by computer pProcessing. Figure 7 .is an
exgﬁp{e of a computer prepared report. The report 13 for a

w

student dn;zfibd in one sectlon of the "Hydrology and

Sedimentology of Surface Mined Lands". In.this case, the

N
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PAKTICIPWNY 2

v ‘ Figure z )

Computerized Individual Achievement Repdrting Form

»
-

. o
s
' &
0’00.0000:..;&:..0;...nooooauooovootsotv

.
. UNBVERSIEY (b «ENTUCKY »
» LULLzbLL CF ENGINEER INC »
] OFFiCe UF 'LUNTINULG ECUCATION . ¢
* LeXiowGTUNy KENTHCKY 4C€06 .
. tlel: 606=2572071) b
] 2 4 .
» »

h S350y O""v‘l:.).“OO.'O,""."O‘.‘.O?O
.
CUUKSE Namt:, HVURULObY Al chlMENTOLC’Y FROM SURFACE nthD LALDS
S1T1E OR SeLTIOUN:  TULSA, LKLONUM .

LaTe OF CUURSL: JuNe 1921, 1»19
INSTAUCTIUKIST S DR. bILLY BARFicLD AND DR, TOM HAAN .

$LEI058% 03000 SO SIS LIS S INFEISENIRER SN IR PEI S SIIIP S CASHSIINES S ISR I NSNS

*_LLASY PEXKFDRMANCE______ (1) = 20) ___

N ' _PREVEST_  _POSTTEST_  _GAIN_
AVeKAGe TelT SCURE 1C.¢ 14.C el
STANUARD DLV ATIUN Se 246 56l
TeST RELIABILLTY .

LIDLERRUR UF MEASS
PERCLENT OF THE (LaSS 60 .0
MASTEKING Tht TeS) .

i3
-

: YOUK TEST, SCURE : 1R 5

AS ¥ART UF Tk ABOVE CTOURSE, YUU WERE GIVEN TWO 25 QUFSTION MULTIPLE
CHUICE TESIS,. THE TEST quS110us WEKE fLO‘FLY RELATED 10O THE MATERIAL
COVERED | LuklNo THE ClUKSE, TrHL CLASS W&S NOT FXPECTED IO U} WELL ON
THE FIKST Uk PKRE=-TELT, (IF 1T wenc UTH‘RN]<F' THE COURLE MIGNKT

haVE LITTLE VALUL YO PAKTICIPANILe) ON THE OTWER HAND, THME CLALS wWAS
EXPECTLL 16 LU QUITE well Ui it PUSTTEST WHICH WAS BOMINISTEREU &1
THe eND JF THSTKUCTIUN. FRUM Ink VIEWPOINTS OF THE IMNSIRUCTICRS aND
CUUKSE DESIONERSy & PUSTILST LCURE OF 17 OR PETTER IS KVIDENCE THAT THE
CLASS AS & wHOLE AND PARIICIPANYS 1HDIVIOUZLLY ¥YET THE STATED L;AKNING
OBJ:LTIV:> FOR Tnk QCUKSE.

pd
AN INBLIV IUUAL 'S POSTIEST SCUREs ruweVER, DEPFMNS ON MARY FaLTORS - .
SulH AS, FUR INSTANLL, 04L'S PRIOR RNUWLEDGE #*M FAMILIAKITY wlflh
Tht, GENERAL DISCLPLINARY AKcA AS WELL AS THE TSPECIFIC LUdueC . MATIER
OF 1HE COUKSE AS [TRESE Akt MEASURED bY THE PPETEST. wWhETHER Ok NOT
A FARTICIPANT®S HOSTIEST YCURE toUALLED CR EYCFENED 17 IS/LESS IMPORTANT
Trith 15 Tnt UIFFERENCE -Uk GALN SLORE BCTWEEN ThE PCSTTeSL AND Tnk
PrEleSTe. FUR THE CLASS AS A wnULE, THIS DIFFFRENTIAL GAIN MEASURES
LE ARHING ULCURRI AL A oeheFEY OF INSTRUCTIOM AND COURSE PARTICLIPATION,
FUUK UR FIVE POLMTS ULIFFERENLL bETWEEN PRETEST AND PUSTTEST INDICATES
SIUNIFICANT 1nvx0 EMENT &S & KLSULT OF ATTENDING THE CUURSE.

At HUPE 'PIS INFU MATIUN will be BENEFICIAL TO.YOU. SHOULD YU
HAVE GUESTIONS UR CGMMENTS, PLLave CONTACT THIS NFFICE .
)
" L &

L
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report is for a real person enrolled in the class. 'In the ) \

-

interest of privacy, the person's name and addreSs, which

[ N . ’ >

. . would normally be listed on the computer prlntOut is omitted.
¢ -

All the ba51c 1nformatlon is given about the- ‘individual's A

=

- " performance and the performance of thg qroup; In additaon,
test rellablllty and standard error of estimate values are

qlven. For classes w1th large enrollments the form could be .

R
prepared directly. from data students qenerated in their

¥ ’

- response ‘to multiple ch01ce guestions on standard and machine

scorablelanswer sheets.- There are many ways to automate the

N

processlng of test data and the preparation of individual
. ) v
achlevement reports. \ '

" Keeping Learnlnq'butcomes of Individuals\Private'
[ - While 1nd1v1duals enrolled in courses should have the

” -

results of their performance on assessment nstruments and of . -

L]

their performance in' the course as a whole commhnicated to .

then, this.information is not.properly communigated to

anyone else (Tyler & WOlf,.1974). Participants in & given

course may be sponsored by their employers. 1In this case,
with the permlsslon of the student beforehand, 1t is proper -
to release the 1nd1v1dual‘s performance record in the course

tp ?he employer. Generally thé employer wlll,be interested

Yiusf}fm,‘-in a_global assessment\of the individhal'student. In shortzﬁ

‘ -'this translates into reportlng whether the student nomplete§>
v ) .
the course successfuLly or not ' . N
- LACHENR . . ' e " )
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Another group to which a part1c1pant might drrect that

the results of hls or her performance recard for a course L -
be sent are profess1ona1 organlzatlons and ‘groups wh1ch . »3g ..
d‘edlﬁ-and record contlnurng educatlon units. Here, agaig,

v the persons who supervlse such act1v1tfes are generally .

1nterested some global judgment of the course 1nstru¢tor‘s

. .

‘. g ‘
‘assessment of, the student s pprformance in the course/ This . -

N
usually tranﬁtates 1nto some judqment about the overall

» ~ td

' adequacy of the 1nd1v1dual student s performance in theFL b
course, eJ.ther as,@efle or unacceptable for- the CEWw (,redJ.t ’
IR ~ There are two points. to b’/made. - The flrst is that only;

tho;e persons e81gna&$d by individual course part1c19ants..'.

'should have anytihformati : sent to them about lnd&vxdual ~
N « A %) "G'\ . / )

s
e .

in the course. The sedond is that the

¢ : | 1nfa£matiqn‘neededvby thgse gooups is- of the "pass" o "fall"
or successfully completed“’of "not succ-ssfully completed" <
type. It is anapproprlate to sendZthe 1ndiv1dual s deaagded

- learning report form with all of the 1nformatlon about the
2 » -
' person S pre- apd‘post test results to these other gnoups

v

3 The pass/fail judgment is sufficient. If\the 1nd1vidua¥ <
‘ :%j:~ wishes: to ghare the aetailedjrepbrt,with hds employer of |

_ 1rt withja pro{essiona£ licensing agency;¢he*or she may do'so. .
' e, ) o This is mot toﬁsay that informatdon of th;\type contained '
. K4

in Figures 2 through 4 should not be shared with employers

/-
and persons responslble for superv1510n and recording of

‘

——CEUS. There is no problem as long as the data is group data-

AN

> . . o -
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and what is reported is the effectiveness of the course
. ‘e Q @ >
gerferally for groups of students. What is inappropriate is
s _‘/ ’ ~

to identify the performance of individual students in such < -

presentations, except for use by ‘the individual student and

course instructors.

If a course has been shown to be generally effectlve and

the persons .who admlnls{er and teach it to be competent and
fespons1ble, there is no need ﬁor-either aemployees or others
to have more information about an individual student's
performance rn a course than to know if 1t was successtul or
unsuccessful There is too much opportunlty for misuse of
detalled ach1evement data by employers or others if it 1s

“

proV1ded Eor«example, a supervisor could conceivably decide

‘ ;
to promote one individual and' not another on-‘the.- basxs of

»

detalled test scores in a course and the relative ranklngs of

the two persons. If both persons had passed the dourse this

would be inappropriate, aﬁﬁ it migh% also be:inappropriate

evan if ‘one person had not passed the course. There is

-

' 9imply too much error in.individual pefformance test scores,

even under the most ideal conditions, to make such'ihﬁerences

-

and to be correct most of ‘the time. Other information .about

.the individualé$ skills in the'work setting on a range of.

- ~

A ’ ] .
tasks, about their attitudes and %nterests, and past .-

!
perforﬂ?nce are much more crucial in' making such decisions

(Mcclelland, 1973; Stice, 1979)u There are,many persons who

‘do not unqerstand these points and who are prone to use a.

3 -

.- test score as cancrete evidence for a decision’which should

.
Al
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be made by a more informed process requiring much more ef:ort.
- . L 3
Test scores of persons are often abused in these matters

_(MeClelland, 1973).

The main value of test scores is %heir aggregation for
persons over‘replicatiéns'ofvcourses. Used in this way,
‘ scores obtained’from well designed tests can be very useful
" in evaluating the effectiveness of courses (Tyler, 1974). .
Another major use of tests is as part of the learning
) actiyities which constitute the.instruction for-the courses
‘in which they are used. It is for insttgetional purposes
that individuals' test scores should be shared with them
e ‘imﬁed;ataly'after the completiop of tests and'ie reports ”

to them upon coyrse' completion. The individual who has

recently'gpmpleted a course can interpret the results of pre-

and post tests in the context of the course activities in
which he or she has engaged. The. scores of -persons are '
balanced and' meaningful in this context and.in relation to

. how' much the individual %eels he or she has 1earnea in areas

& - not measured by the tests.

It is also appropriate for individuals registering for

]

continyging education courses to'decide if they choose to be

1nvolved in the testing at the pre- ‘and, post test stages _
* T ‘ - P
: . Belng anolved in. the course will'often require completlng

. ,the embedded test tasks and should rout1nely be requlred as

are the other act1v1t1es designed to teach individudls the

3

oo content and skills of the course. If persons are seeking o
« ¢ = . ’
. : - CEU credlts, and if appropriate pre- amd posttitests are
-297- ‘ , '
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"’avaiLublé, these ought alsa to be requireg. .t persons’ wisn:

* e
.to enroill without seeking CFU credits and thev wish not to

part1c1patt in testlng, thcy should be allowei to do so.

About the only exceptlon to th1s s1tuat10n is where failure

<

to learn tq criterion some particu;ar skill or content Qould

Ly
v
LI

. 14
result -in property damage or threat to health and life. 1In

.
7

these cases, testing should be' required for all participants.
A N )

An example'cited in an earlier chapter is the proper
f ' ¢

assessment of individuals' cdmpetence in operating dangeraus

. 4

and expensive 1aboratory or industrial equipment before

allowing theﬁ%moldo so certifying that they are competent

.

i

to do so. ! ‘ o

pE——
i et -

et °

Precautions to Prevent the  Abuse of Test Scores

°

Attention to the matters discussed in the previous section

help prevent abuse of test scores. There are other pPrecautions

which shopﬂd be observed to insure ppoper use of test scores
and other performance assessments of students in continuing

education courses. .

Before decisions are made about the effectiveness of . ..

~~allaea

courses 1n reachlng the1r desired objectives, the tests or

or other assessment procedures used .must be determined to be

n?

reasonably valid and peliable. Methods for doing so have bcen
-outlined :in some dethil in previous chapters. "Poorly designed‘
tests ere'worse than no testsf ?heir use may U}ieﬁhte
students who are quick to see, the invalidity of tests and

-test -items, especially at the post test staqe when they can
judge how closely and how adequately the test items and

assessment procedures match the content of the course.
-298-"
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Instructors can be helped by qood tests which are L

appropriatelv comprehensive while at the saime time being

brief and timf éfficieﬁt. Impaising a poqu} designed test
~ ~ . ' - \

into a short and already very 'full time period which is .
needed for instruction®is a serious aggravation to instructors
as -well-as™to éihdents, Any type of testing or assessment.

N N

‘which is deJ@lbped fd}:a‘course needs to be devéléped with
tﬂé full';artdcipationiof the course instrgctors and should
be spéﬁiffﬁalli relaéeath the‘course material. If sucH'
cooperation cannot be obtained. there is little point in
imppsiﬁgran external tést}ng or assesment procegure on a
course or an instrucﬁor. Both students and instructor ;re
apt to resent the intr@sion, the results of the testing are
likely to be‘i.nvalid,1 égd the data not particularly helpfui
- to the revision of the course and its ultimate improvement.

On the other Hand, if éhq course instructor can be convinced

that well designed te%és and assessment. procedures aan be

<

useful to prbmdting instruction, and can be encouraged to

-

become .involved in designing appropriate procedures, much ’

will have been gained. -

¢ -

If a ;ourée is to be developed and offered many times

> <

evaluation of the coursk and its;quality‘control throuqhodt

its life time.l In such caseé, the investment of the initial'

time and effort needed”toudqvelop good,stesgs for the course

. -299-

-
r Y




€
v

‘collected was useful to the instruction of the students,

AR . -
can be repaid many times over. The benefits derive from
2 . . ) .
hav@nq good information concerning thq\gPeration of the.

course at various times, under varioug®conditions, and

. with different instructors. Often much is" learned in the

design and evaluation of one course which is useful in the
1)

"design and operation of other coutses.

Sometimes, if a course is'to offered only once or twice
for a-special group of persons, there is no need to engage

in elaborate test development act¥vities. However, in

-

most courses instructors will have notions of what it is they
expect students to learn and be able to do at the end of
the course. Beginning with thesé expected l%arning outcomes

is basic to the very design of any course of instruction. It

is often not difficult to translate these expectations into
lomo lort of formal uuumont tasks. The Urban Storm Water

Quallty Modellng course presented as.an example earlier in
i
this chapter is" just such a case. The course was hot offered

[SURER

" many times. It was very short, being only three hré’lonéﬁ

”

Thg instructor had a’clear notion of what he éxpec@ed
students to achieve as desired learning ontcomes., It was
relativeiy easy for hiﬁ.to‘but togethef 12 test items which
would-give SO?e indication of the entry level and exit levei
knowlgdge of his students. Furt%enmore, the information

In addition, it would prov1de better evidence .of the

effectiveness of the course in reachlng the 1ntended

' \—\300—
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objectives 'than more casual information collected in a less
systematic way. Therefore, it was a qood idea to»develop and
use bhe pre--and post tests. yne resuits shown in Fiquresiz
through 4 are_certainly informative and helpful to making
decisions about course effectiveness. For ‘this course, and
for similar short'courses which are not ko be replicatedlmany
times,yit does not makeosense to devote Qrgat efforts to the
development of testing amdl assessment brocedures. What was
done'for,the Urban Storm‘Water course was very, adequate.

The manner 1n which the test 1tems were developed was

'also consistent w1th the optimum procedures descrlbed in

_Chapter 10 althouqh some[indlvidual steps’ were omitted and

the whole procedure took only a short time. To the extent

-that/an instructor has a good igrasp of what he or she expects

»

to achieve in the-.teaching of a coursed, and to the extent
that he or she is well orqanized in his or her 1nstruct10nal
pPlans and activities, it is ‘not dlfflcult to sample approprlate
tasks foom within the’ course actlvitles to be used as test
items. Althoqu\the procedure looks formidable.inototal as
out%ined in Chapter 10, it can actually be carried out quite
quickly and:easily for a short course if the instruc@or is .

skillful and well prepared in the teaching. of the course
T . &

*

content. . .

a

It must also be rememberea&that anf test, no matter how

well designed, cannot measure all’of tne important learnfnq

., . L]
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.The best use of tests is to evaluate the effectiveness of

.
.

outcomes for persons enrolled ir a course. People have their

own reasons fo;'enrolling in courses and often have valuable.
* ¢

learning outcomes unrglateq to the formal objectives of the

course. These types of individual, and gometimes unexpected,

L]

outcomes have been described in earlier chapters..

’

. It is much more appropriate to evaluate the general

effectiveness of courses in achieving specified learning’

outcomes across persons than it is to evaluate the learning.

of specific persons by tests or 'other assessment procedures. .~

If the courses and programs offered by a college or

\

university can generally be shown to meet their intended

objectives, and if the people who operate thésé‘programs'and

courses can 'be determined to be responsible and competent on

A

the - basxs of past performance, the claims made for future

courses in advertisements are credible for future clients.
Persons can enroll in courses of their choice for: their own

o

pgrposes. What they take away from the course ‘at its

€

conclusion, in terms’ of ‘their own feelings of personal
relevance, utility of course conteht interests, new’

perceptions, ‘and - attitudes will almost always have much more
<

\
meaning to them than any test score or set of test .scores.

[

g

courses' toward specific intended learning outcomes, not for

. the definitive deternmination of how much any one individual

r 5

has learned from the experience of the course.

. -302-
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Making Course Evaluations Public

As has been mentioned in many places.earlier in this
s)"

book, the evaluation of courses must necessarily include much
P +

other information than the measured aéhievement of students

}.

based upon testihqﬂ The perceptions of participants eﬂfolled

~e

in oourses and éheiﬁ’employers about tHe relevanée, conditions,.
. + < M -

and quality of instruction; the competence of the'instructor

)

in the content of the course and in teaching; and records of

the ope:ating'characteristlcs of courses must all be used in
-4
zthe evaluation of the effectiveness of courses and programs.

Othef\infogmation concerning the organization of the sponsoring

v

. ’ ' ‘ ’
program and the competence of its admihistration are also .

e

involved. The specific learning outcomes result'ing from

3
. w

testing in speoific aspects ‘of course performance have little

meaning without this additional contextual- information. By

" itself, the performance data on -specific appects o%'the course

~hag little influence or utility. It is not by. 1tself very

‘c0nV1nc1ng to persons who make dec181ons about enrolllng or .
not enrolllng in future courses; The tacit evaluatlon whlch
governs these types of deé1s1ons is almost always based upon -
other types of information other than test scores.

v All.of these addltlonal types of 1nformat1§% ought to bé&?
collected r0utinely. Th1s informatlon, along’w1th the -
achlevement outcomes, simjlar to those presénted in Flgures

2 through 4, ‘ought: to be tabulated and presented for publlc

‘ S | ~303-~ SETR N )
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les and the Lnd1v1duals who “are senteJ
by companles te ehgaqe.xn learninq throuqh contlnulnq educathI
courses have a rlght to know-the credentlals of~co

e

—

proqrams, 1nstructor5y and 1nst1tutlons wh;ch offer cont1nu1nq
education” pregrams

-(H\

Trses"' .o

In6101dual en91neers, whc may W1Sh to

R

.
-

-

enroll in’ courses, and thefrlgrofeSSAOnal soc1et1es also have ¢
- 51m11ar rlqht“té-thls type of 1nformatlon.

Consequently,

there is the need to collect and present in coqent'tabular,
| _ .manper.a
¢

" graphic, and narratlve form much additlonaL 1nformatlon other
)
of effectiveness of programs is to bé made in a reasonable

than simply specific course learning outcomess if judgments

W
Ve
[

4

The routine collectlon of thlS comprehens;ve information,

consumers of the cours
K

about the operatlon of courses within dbntlﬁulnq educatlon
proqrams can be very helpful,
the courses.

“

Y

not only to clients and

ey s

, but to the 1nstitution\whick offers
Deman s for accountablllty are 1ncneasrng.

&,
d the 1nstitutlon offer1nq courses ané programs may be.
served in th1s manner.

-
ke
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. Conclus1onf

ST T~ - 2 \
sbfThls chapter has focused ,on the needs of various persons

*

involved in continuing education courses -and experiences in

engineering to have good information concerning -the degree to

< - ¢

which 1ntended learnlnq outcomes have been achieved and the

effectlveness with which courses have, operated‘ Examples of

Q

- %

how to persent and 1nterpret.ach1evement data based upon’’
1 4 ' ~

N ~
\ .

pre- and post testing in key performance areas of cgurses

have been prdvided. Means for repprting the results of

learnlng outcomes to 1nd1v1dua1 students have been descrlbed\

" as well as precautions for protectlnq the pr1vacy af

Sea

'individuals-and preventinq the misuse of this information

have hbeen discussed. It is argued that carrying out these
A v ' o , T oo
types of assessment activities.is most useful for ma ing

-

dec131ons about the effedtlveness of programs’ and courses,
and least effective for maklng sharp distinctlons between

L]

persons,and how_much each individual has learned following a

!

course.b It is also argued that resppnsibie continuing

~ -

/educatlon programs.should con51stent1y seek 1nformat10n about

the achlevement of the1r course enrp;iees, as well as much’
other information about the ef?ecti%enéssx;ghinstfuétion and

course operating bharaoteristics. This information #should be

[y

used for improving continuing ‘education courses and programs.

It--should be summarized in cogent\waYS'and be publicly.
p &
dlsseminated as part of the accountability process.

-—305— S
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,¢Chapter 14

RECOMMEND’XEIONS FOR EVALUATED CEUS \ )

4 . . N

3

o

There is currently much 1ntersst in éont1nu1nq educatlon

in enqlneerlnq and other -technical -fields about "evalwated™
continuinq educatiOn-units. The idea is that persons who

complete continuing education courses need to be held

accountable for having actually learned sométhing. Certificates"

of attendance are noF acceptable to many persons and groups P
as evidence of learning resulting from continuing educatién
activities. It is thi$ concern which has motivated manv of
the activities of The Learnina Outcomes Measuremeﬁt Project
with its -emphasis upon ways of measurinq the learning
resultlnq from short courses typlcal of those offered

throuqh continuing’ education programs.

Courses Where Tests Provide Accurate Estimates of Learning

* The aétivities of the project staff have shown that
there are.-a numbgr o?‘$;§sjby which to measure and eStimatg .
the degree of learning resulting from a'continuing education
course. Some of the methods by which the learring oufcomes’
of a course may be/measured depend upon the tgpe of course - | .
which is beinq considered. - As has~been\npted earligé, the
best measuré of the 1earninq’resu1tiﬂq'!;oﬁ.a course designed
to.remediate or upgrade qeneraiﬁkﬁowledqe»and skill, sﬁch as
i; rgquired to pass State licensiﬁq examinations, is the

ES

'-306- ' o ot




K2

student's actual performance on the licensing examination. .

It is possible to sample a fev items from the total domain of -

items on the professional examination which accuratelv

estimate the individual's performance on the longer test.

This can be accomplished throuqh the use of relatively new

psychometric test construction procedures‘involvinq the.use

of latent trait item analysis of test scores (Lord & Noxick,

1968; Shoemaker, 1973). \
Thus, for courses aof this type it is possible to develon e

and use short but powerful tests to determlne not only the s

learning outcomes by 1nd1vidual students after the course,

but by which to determine which students need to take the

course in‘the first place. Once such a test-is developed

for .a remedlatlon or upqradinq of general knowledqe and

skills course, it can be used as a pre-test’ for advisement

and screening purposes or as a post test for assessment of

the learning of individuals who have completed the course.
- . )
The scores of individuals.on pre- and post tests over

replications of the course may also be recorded; summed’ and

the mean values and standard deviations calculated

From this 1nforhation it is also possible to evaluate N

the course and its effectiveness as’well as to evaluate the
learning of individual students. For such courses carefully

constructed pre- and post’tests are very useful and very

-

accurate 1nd1cators of the deqree of’ learnlnq achleved by - ‘

individual students and the general effectiveness'of the

we s
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course. The primary reason for this is that the rerformance
domain of interest is clearly defined as a -body of knowledge

and skill thouqht to be basic toign area of engineering

practice and incorporated on a broad spectrum professional

A
v

examination. -
. . N ~ ) : . . )
Courses Where Tests are Inadequate Fstimates of Learning

Evaluation of . the learninq outcomes of other types of
) s .
continuing education courses 1s more difficult This is

\

because the’ domain of performance in which course knowledqge

and skill may be applied 1s not well defined It is glso

’

because the ways in which the specific- ooncepts and skills

acquired in the cohrse may/be applied - dh the Job by the

~

engineer after the course is comnleted cannot be clearly

and unambiguously stated. - An illustratiOn may help clarify

i (3

this point. - ‘ L8 . . e e - R

.
L

Suppose a course is developed to broaden and update the

skills of mining engineers in terms of the'design of drainage

and storage structures fbr the runoff for surface mined lands.

" The course presents .the latest thinking, alterations in

older theoretical models, and newly developed algorithms and

Anomogsaphs by which to_ make accurate and efflcient calculations-

vﬁ
of the design of these structures to meet newly developed

Federal ’ standards for water quality control downstream from

-~

the mining area. This is the type of course developed by

»

Professors Haan and Barfield (1918) titled "Hydrology and

¢ ~308~
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developed by which to measure ‘entry level and exit level

.ot
LY

.

knowledge and skill of course participants 1n course content’

The

qublem is that no matter how,good the tests are theV

can never be a truly effectgve medns of estimatinq all of

the important learning

3

outcomes which may have heen achieved,

E 4

by any individual follow1nq completion of the course,

o~

There are several reasons for this,

. . ' ' . [CIN
Limited Time for Testing ) . .- - .

‘First, in any continuing edhcation course dealing w1th

a large and complex body of 1nfor$ation and skills, most of

the time

‘-

“needs to be devqted to 1nstructional activities -

A s

Students need to have concepts and procedures demonstrated S »

and they need to apply these in-practice problems. 'Most

4

.continuing education courses ‘are short because practicing AR

engineers cannot afford to spend long periods of time‘in -
4-4 . * .

Thus, "a short course of 2 to 4 days

course attendance.

3 ®

duration,is a common occurrence.

However, a truly adequate

test of the learning outcbmes of the Hydrology and

s 3

Sedimentology course \muld require that the student-actually ) ™~
3 e

c0nstruct the design specifications for a water drainage and

3

storage system for an actual mining operation. mhis would

usually require a minimum of from 6 to 8 hour's depending

.

upon the problem characteristics

There iS\31mply not enough-'
v ~309- ;




: . ’ available time in the shnrt course to devote such large Loon

’ amounts of time to 2 "test" item. This becomes particularly

4
.,
.

o apparent when one realizes that a goad test would require the.
. ,actual des1gn Qf not one, but:several ,drainage and storage
3
-~ - systems for diEferent topoqraphy, climatic, soil, and minlng .

- ) N

conditions,l

.,

. T S .
o ?" Beécause of this problem of time,“any test must be .
-~ ". . - ‘ .

gréatly abbreviated and_ simplified ﬂhis simplification and
T " - abbreviation makes the test tasks‘?ffferent from the_ -

performance tasks actually involved in the des1qn of such

o

i stngctures-on the job. This means that any qood evaluation

“t + - 4

should require the'ehqineer who has completed the course té

_.submit a. sample'w'shis next few actual drainage and .storage °

designs to the course instructor Thése would be designs

thé engineer had actually producedfon the job after the ;.

‘course had been completed The course instructor could then
evaluate the degree to which the principles‘and techniques

taught in the course had been accurately applied and used

- -

A - . by the engineer. _Of course the prohlem is that it would take

-, mapy .hours for the instructor to evaluate each actual design,
" .

the evaluation could not be completed until some weeks after ’
" ghe student had complet\d the short course and had time to C A

" learn how to apply the‘course prinCiples in the work setting,
b

i &
SN and it would take much more time and money than _wpuld’ poss1bly .

be available to complete such a thorough evaluation of

eagh.learner's achievemEnta
f . ~310- - . . , - .




Inadeqlacv of Testing in Sampling the Performance *e Domain

\ A secOnd problem is that even if such an elaborate
evaluation of each person's learning were adopted, it would
not be valid forasome of the course participants. ﬁather,
it would be valid ‘for only those persong who came to the

, ‘cotirse with the 1ntent10n of actually using the course

»
' p -

s -
principles and techniques in their daily work activities in

[y

specific design problems.' N

3

Exéerience of the' project staff and many others has
shown that‘for any particular course th%re‘are a wide
variety of 1earners‘enrolled for a variety of reasons. For @
example, in the Hydrology'and Sedlmentology course, one often
finds persons enrolled who are not normali; enqaqed in the
design of dralnaqe and storage structures for surface
mining. Sometimes persons attend such a course because they .

have business dealings -with énqineerinq f%rms hhich do carry
out such desiqns. .The purpose of attendinq the course _is -to
become more informed about the problems and methods used b§
these designers and not to becomesrfexpert in the actual design

* of the ‘Structures themselves1 Administrators of state

%
regulatory aqenc1es, state 1nspectors, and other persons also AT
LA

[~ \ not" normally enqaged in the actual design of such structures

frequently attend such a course.j R -

- -—-——-——— 1-All.of these-persons-may-learn a’great deal “from the T T T T

course but none of them mlqht be expected to put into

*

LY

practhe the a tual pr1n01p1es taught in the course. The

’ ‘ ) . ) _311- ~ ' i .
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valuaﬁle things learned by this ar-up of persons may be the
names of research persons who they can hire as consultants’
to provide the technical assistdnce they need for speglflc
jobs: the names of resource minuals and documents as well
as computer proqrams useful to the solvinag of particular

' 5rob1ems; and idenfification of areas of expertise and

~

.knowledge presently lackinag in themselves or in members of

3 :

their organizations which neel to be developed eéither through °

the upgrading of.present emplovees skills or the hiring of’

3
®

* new employees.

All of these outcomes can_be very waluable to the
participants. They are certainly all outcomes which would he
valued in terms of making a contribution to enqi?eeriqq‘
practice in the region. Yet, node ef these outcomes would be
measured by a comprehensive evaluatlon of the actual designs

v

fox drainage and storaqe structures produced by thls group of
.persons. Generally persons in thls group would not producea

" such designs when they returned\to work.' Rather, they would
use the knowledge they acquired to better manaae their firm,
suéergise employees, and obtain the services and resources

G . needed by the actual designers of such.structures within

their firms or under their jurlsdiction.

Growth of Learning After Course Completion
~-—A# -———————A-third probltem has—to do with when the learning -
reeulting from the course may be expected to takeiplace. In

\
~-312--
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highly complex and technical courses which have larqe
amounts of content all that canbe hoped for in a short coursea
as an immediate_outcome'is a general familarity with the
course concepts'and précedures. )

Actual facility in the use of these concepts and
procedures is almost certainly dependent upon'serious
continued study and atéempts by the course participant to
actually apply and use:the course material in his or her
work settinq. ‘Therefoﬁe, tne°maximum'amount of learning shouli
not occur at-the end of the short course but sometime after
the completion of the ghort course when the learner has had
trme to do much additional further study and application of
course procedures. Courses in computer proqramming are good
examples. They usually teach only the basic principles and
how to understand complex procedures and manualsl Facile .
computer programminq comes only after much actual application

of" these concepts and principles in many work related

problems. . - . '

.

Q: o . s ¢ * . "
The Need for Multiple Indicators of Learning' Outcomes

.For all of these reasons it is important to have

multiple indicators of éhe degree of learning. resulting from

most continuinq education courses if one wishes to determine
A .

the actual learning ¢ outcomes achieved. 3imple“pre:“andlpost_e_-n

—-———

)

test scores of individuals at entry and exit from the course

are useful but nothgfficient to the .task. Short entry E

r

. ~313-
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*  qo about usinq the materials, manuals, algorithms, nomographs,

'1n¢the1r actual work setting. Performance on such tests

'poiling of part1c1pants concerning what they think they have

-attempt to apply course concepts and procedures to their

-

4
-

and ex1t tests can provide good estimates of the deqree to
which. part1c1pants have learned the bas1cs of the course
principles and procedures. If properly constructed they car
also estimate the degree to which participants know how to
and other procedures presented in the course for approachinq

or sett1ng up a few sample problems likely to be encountered
\

¢

tells very little about other inportant outcomes the engineer
may have learned. '

" This means that. the learning outcome evaluation of a
course's effect-needs to ihclude not only pre- and post tests

[ Y

on ‘the basics.of the course,cbntent but also systematic

learned, how much they think they have learned, .how relevant
they think the learning is to their ]Ob performance, and how

likely they are to do additional study“in this area and

LA L 3

actual work. The 1ntentions and perceptions of course

participants' are very important!

The same is true for the pexceptions -of the supervisors

~

and employers of the course participants. The judgments of -

" these persons about the worth and utllity of the material

learned in the _gourse by the employee is. yery important.. . Tt _. ___ ____

is the tacit evaluation of these superv1sors as well as of

*»
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N .

_the engineers who enroll in 'suth courses which is the‘most

potent and meaningful evaluation for anvy course.
Ifdthe judgment of these qroups 'is that the course is

valuahle and worthwhile in terms of improving knowledqge and

* skill in areas related to on-the~joh performance, the course

will be highly recommended and heavily subscribed whether or
not therg is any formal assessmént of learnina outcomes by
testing or by the examination of actual job performance or
.work sampfes of course participants after the course is

completed., TIf the tacit evaluation of these professional

éroups is that the course is not worthwhile, no matter how

>

valuable the course is shown to be in improving test scores,

-~ .
’

it is not likely to be heavily enrolled. This professional

judgment. tacit evalnation is an important and legitimate

part of the information whiéﬁ should be routinely qatheredb

and .incorporated in evaluations &f .the lea%ning outcomes of’

£ .

continuing education courses.
\ L

)

ghe;fﬁpossibility of Making "Complete" Learning
¢ ¥

Assessments of Individuals

It'should be apparent that it is an impossible task

to collect all of this wide r;ﬁqe of information in order to

evaluate the learning of any ane particular person who has

: . .. Y
taken a particular continuing education course. There is

f i

“hHot Eife €6 "do “sor and -the -entire process makes unreasonable . . __

€ -

" demands upon the participant and his or her employer. How,

Lo o -315-
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then, can an individual enrollee in a given coumse be
. N .

’

certified as having learned a 'specific amount in a given
course?
] ’ [ 3

\\ Beyond certifying that the individual has attended, -~ ¢

participated fully, completed all course assiqnments.and~

activities at described_levels,of accuracy, and “has .also

a . N

completed a pre- and post test which demonstrated a. certain
amount of growth on some of the basic knowledge and. Sklll

'areas 1n the course, there is llttle that can- he sa1d about
an individual's actual learn1nq outcomes of a moreebroad .\ - ,

‘ . . ) ' e
and iméo;tant nature which may result from the ooursé . .

K E

However, it 1s\poss1ble to evaluate the effectlveness of the
. course for part1c1pants generally in more substantial gays.

'In a nutshell, it is much ‘more des1rable to certify courses

) ' @

than persons., x 0 - - LTt

to oL =

. Means for Making Comprehensive Assessment of Course

_Effectiveness ‘ . ' . . L

Althouqh it is 1mpractical to obtain all the various

3

\\types of ev1dence needed to make a stronq 1nference aoout ) °
. the broad range of learning Outcomes Whlch _may result from R -
' . .
) a particular ‘person completing a course, ;t is practlcal to .«
) " .gather this wide array of4ev1dence across different persons

who have completed a course. Whlle'the instructor cannot .. "

-
< hope to collect and evaluate the accuracy of the appllcatlon o
of agurse principles to the actual design structures of - M ’
b . . =316~ . ' , .
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practicing engineers for real problems. from thé field for

eachacourse'participant, the actudl desiqns from two or

L]

three pefsens enrolled in a course can be randomly solicited

‘and evaluated Over severa replications of the course this .

. praétice~reveali\much infformation about the effects of the

-

course in actualix assisting the enq1neers enrolled 1n ra

producina b ’ter structures. " It also reveals much abouf the

' variatién in the dedree to- which the course principles "are

[ . *

prooriately applied following ‘the completion of the course.

Other participants and their employers and supervisors

~

s ! can be\sampled and intervieyed about the actual tlegree ' )
they judge course principles and® procedures are being used.

Again, not, every person must be ‘interviewed.
s . . » M [y 'I ‘ .
e Other persons from among the population of past course '

. ) L4 N

enrollees can be sampled and asked to complete a- delayed .

\ - - 2 .o
post test 6f course content and skill.' 1t i! even possible S

. \ ] - “
. , and sometimes-deSLrable.to administer different teét items e

g or tasks to different pergons at the end of a. course. This .
’ ¢ . -
would be done when ‘there is a large amount of material to R
t
test, time bnly.to administer a few teét items to any one , .

oo © “ 1 x
. person, and an inBerest in Iearning somethinq abdht the o,
, . ‘ s > ‘ L
. effectiveness of the.course oxer the entire large array of - I
® . - . . hA
1tems. t A
N [} ﬁﬂ* )

Such a plan used Qver several replications of a cpurse

B P . . ‘ ¢

e '& produce.much information‘about the coursé‘effectiveness in o

. teachinq its partic1pants a variety of outcomes. of cour,e“
. J b4

. . it prov1des Tittle information about any 1nd1v1dual s learninqg.

. . . \
N \ -317- oL
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.Logical Requirements for Certification of Courses

' of this evidehg; - . >

Any movement toward an evaluated continuing.education

"uriit probably ouqnt’to be based on the course developers

LY

having to prov1de information about the general effectiveness

of the course. This 1nformat10n should be based on the

\
evaluation of actual on- the- ]Ob performance of samples of

persons who have completed the course. It should also
¥. .

1nclude the perceptions of samples of- past: enrollees and
their supervisors concerninq the value and utility of the
o A

course for improved performance in work related activities.

This information should be presenteq along with information

about entry and exit level knowledge and ‘skill on the basiés .

of the course as these can be measured in short and time .
effiﬁlent pPre- and post tests. Professional 11cens1ng
aqenc1es and other 1nterested groups such. as practicing

engineers and the firms whi employ them ought to have

IS
X3 ~

access\to this information The effectiveness of the course
could then be jidged in a more formal way than the present

and common*tacit evaluation way, but without removing this

~

_valuable professional judqment comporient. Courses could be

certified as be;nq worthy of an evaluated CEU on the ba51s .

g

t . .

Logical Reqpirements for Certification of Persons -

“The entry level knowledéé’and‘skiIls of participants,

the reasons rsons _enroll in a particular course, their

-318-
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. &
expectations ‘for learning from the course, a record of their

actual participation and complétion of.course"activities;
. -~ : ’
their actual nerformance on short and basic. tests of key

N}

course knowledge and skills, and their perceptions o how

A}

much they have learned follow1nq the course, should all be J

B .
rouqtlnely collected for perSops enrolled in continuinq

gqducation courses. “However, this assessment should be

carried out only with the consént of the enrollee. xifhersze

. -

the results are likely to be invalid. If a course’'efircllee

wants to receive g% evaluated CEU, or some other type of

" certificate whlch reports learnlng, he or she should first

.

be enrolled in an approved course which has demonstrated to
@ @ o .

- the satlsfactlon of a proEessLonal licensing aqehcy that the

. “
M ’

course does 1ndeed achleve its- 1nten§ed learning outcomes
. [} 3\ N o ‘_
in a con51stépt manner.°“ T N * o © T

o
s ®

ﬂ,ditlon‘for ed%ninq an evaluated CEU or

other formal cre®®t should be that the 1nd1vraual partic1pant

¢

be W1llinq to complete sﬁort %re— and post tests. and

questlonnaires des1qned to” obtaln basic;dnformation about

individual learning which can be reliably and'easilv-collected

[

ép each person in short periods.of time at the beginning or \.

) -

_end of thé course. A third condition is that "the participant

,engﬁqe in and complete fall prescribed learning activities -

N —
which comprise -the course. - .

£

SR - -319-
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zgeﬂtmpqrtqqqe of Options for Participants..

- —— -

It is impgrtant'that enrollees in a course be allowed the

il

option oﬁ whether or not to réceive CEUs or some other form

of formal credit for learniny. Some parsons may be expected

e

to be enrolled and not be at all interested in rece1v1nq

formal documentatlon of. the1r learnlng Howe;er, if persons
are interested in rece1v1nq such credit, they should be‘éf
expected routinely to complete.all pre- and post tests and
related short questionnaires which elicit information about
expectations and reasons for attendance, estimates Q%

individual achievement, as well as judgments by participants

abhgut. the utilitv«of course content.

\

-

Persons w1sh1nq to recelve///rmal ‘credit also should be .
informed that they and some of their employers will be sampled
in the future for follow-up interviews, delayed post testinq, s
evaluation of job performance, anq‘submission of actuai.work
samples to he evaluated. It~shou1d belclear that the purpose
of this follow-up assessﬁent is for purposes of determininq
the general effectiveness of_the course in regchinq its’
intended learning outcomes in order that the course may be
improved and eventually documented as being worthwhile for

CEU credit.

S

The purposeiof the fpllow—up‘assessment is not general Ly

for making a judgmént\about the indlvidual's 1earninq for

'l

Which personal CEUs would be awarded. Rather, successful
completion of glL_course_activ4ties—ineludinq the testinq"and,

learning.assessments would usually be the basis. for awarding

individual CEU credit. ‘ . .
-320-
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Involving All Participants in Lear iing Assessment Activitic

/ - CoTTTr T

This emphasis upon the narticipat,ion of persons seekine

PFU credit in the total assessment procedures for a course 17 ‘oS

i .

not imply tRat other persons taklnq the course should not- be,
m ]
involved. There is a need to assess the learning of course

participants qenerally.' Data gathered from acrbss all‘.
persons anrolled is needed to impPEve tﬁe teaching of the
course (formative evaluatien) ani to document the‘present
eFfectiveness of a course in achieving its intended learninc
outcomes (summative ‘evaluation). N

N

~
lany engineers enrolled in short courses do not care about

>

being awarded CEUs or other formal credit for their learninqg.
If the teselnq procedures are présented onlv .as belnq related
to CPUs these 1nd1vuduals mlqht opt to not pa5t1c1pate in the
assessment procedures. However, well desiqned dssessment

procedures élse serve important instructional functions which

are of-benefit to all the persons enrolled in a course. This

relationship of testing to instruction is particularly obvious

in the embedded test tasks in thé‘eougse whioch are used to

.

inform the learner and  the course instructor of the needs an.l

\ -
-

accomplishments of the individual during the course of

instruction in order to make instructional.decisions (See

Chapter 7). Qﬁizzes, homework problems, and laboratory

.

exerciges are typically used for this purpose.
: -~ M . .
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y To make these activities optional would he to remove an’
l ' important instruc—tional component of the course for somes
persons., Generally these activities should he required for
. . all participants oecause they comprise an,inteqral part of the -
P .
.course and its instructional methods.
. The same relationship should hold for other tvypes of

“

testing and assessmént proceédures as well. Wh;%ever other

=

purpdses thHey serve, tests and other assessment procedures
: : L 4
should always gerve instructional purposes. If tests. and

<

assessment procedures are developed in the manner suggested
in Chapter 10 ‘and other sections of this book, qpis will be"
the case. In this event part101oation in the prE~ and post
- testing as well as all other assessment procedures ought to

be bnilt in as mart of the reqular instructional activities
in the course, All part1c1pants should be involved in these

- activities. The results will not only be useful to the

- 1mprovemen: of the course and the documentation of its
general effectiveness, but will aiqd the learninq of 1ndividual
- participants in" a number of ways.* Pre-tests inform tpe learner
. about the specific content and objectives of the course in a

very precise way. This=information is useful to the

) individual in focu51ng atténtion on relevant agpects ,of the —

.

course material during instruction. Post tests, when

.

compared to pre-tes¢ results, inform the individual learner -

- aboﬁt his or her p ogress through‘thé\course in specific

5
topics and areas and call attention to areas im need of

. | T -322- - ) S
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additional study. Indiydduals are almost always interested
in the growth of their own level of knouledqe and skill and -
in 'comparing their prgqreSs wrth the eccomplishments tipica?
of other participants in the course as well es to pereons

in other sections of the same course taught at other times.

' -

J‘éven when persons have no desire to receive CEU credit.they
_remain interested in information aoout their own degree of
learning afd acgomplishment.
' Maximum participation of individuals enrolled in a

» course in the 1learning aseessmenﬁ procedures can be insured ’

-

if the\learninq assessment procedures are fully inteqrated wit:
the instructional procedures and if a number of pob1c1es are
followed. The testing and other assessment procedures should
be abbreyiated and time efficient. All tests should Be valid

and reliable. Results of tests and other learning

L] '

assessments should be shared as soon as possible with the

\participants. Individual test results should be kept private
gy

and not shared w1th others withqut the specific permission

of the individual.
- .
The uses of. the learning assessment data gathered for

the purposes of formative evaluation and documentation of
A
course e%ifctlveness ought to be explained to participants .

- in order that they fully understand the 1mportance of their

4

a

&

v e

¥

**"—*Hparttcipation In“and"contribution“to“fh valuation of the
-
course. 'hen these procedures are folloyed all partic1pents
= . . . .
- o , =323- :
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. 4
will quite naturallv be involvei in the assessment-procedures.
S . . . .

They, the course instructors, and qroups_ of persons who will

.

.  become enrolled in €he course in the future will all benefit. .o
. ‘ ] ¥ - , ’
\ i . . ' . ' : ,
Conclusion |
§ T ST vt e = . - . *
' , > i 2 ‘
: ~ . . g, ) '
o There *is no simple way to evaluate complex learning T °

4

outcomes which may be expected to result from the completion -

.

. of most continuing education courses in technical fields.

If professional agencies and organizations are serious about
. . - 1
v developing evaluated -CEUs, procedures similar to those t

Y

-described in'this book and summarized in this chapter will

need to be deveioped and followed.

.
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. , APPENDIX A

3

This appendix contains an example of four different
types of data eollection instruments suitable for use in

educational»gnd evaluational Situations ‘involving short

‘vbou}ses. A brief description of each instrument - its

purpose,lits recommended implementation mode, and its

) !
"posgible utilities - is given.

The four different types of instruments serve to °

.

provide additional information about the participants,

.instructors, and operating characteristics involved in

-

gourses. This type of descriptive infqrmation:is negeded to

-

properly interpret the results of formal assessments of

participants' learning by testing. The sample instruments

presented here, used in conjunction with the sample ~

. .
learning assessment tests in Appendix B, collectively allow
strong judgments to be made concerning the effectiveness of

courses in achieving intended objectives (summative ‘

[N

'evaIuationY and in reorganizing courses to.be mové effective

\ .
in the ﬁutuf%.(férmative evaluation).
- o ) . . TN

-

N
¢

S N




S : v Appzznr% A ‘ ’
~ . . . z N
X EXAMPLE A-1 .

Instrument: ‘Demographic Information Questionnaire .
* : ) v’ . ]
Purpose: \ A) xorcollect systematic data c0ncern1nq '

participants' personal, educational,’ and
employment histories. ‘
. B) To collect data concerning the relatitve .
influence of & number of factors affecting
decisiens to participate in a particular
continuing education program.

Implementation: Flther A) As part of 'an advance mailing of
i ' materials to be completed and
returned hy participants throigh the
mail or upon arrival at the coyrse

- . site. .,
i \ . Or B). Completed by participants as an -
. . initial -activity during the first
) - formal meeting of the course.
tilities: . A) To identify\cheracteristids of the
© "captured" audience. for contrast with those

" of the intended "target" audience for °
the course. .
. +
B) To provide a source of information reflecting
on the vglidlty of evaluation methods and
« outCOmes concerninq course pffectiveness.
C) To aid -faculty in selecting course content
" and designing appropriate instructlonal
- meqhods. ,
. “ .
. D) To aid sponsors to -identify topics and plan
advertising methods for future courses.
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N : * < ‘ ) :
INSTRUCTOR(S): BN "V I ~
, "Q f g :
DEMOGRAPHIC INFORMATIOY, . )
Items N o . , Respenses Comrcents
I. In what tvpe of engineeriﬁg are you currently emploved?
1. Agricultural 2. Chemical . 3. Civil 4, Electrical 5. ‘Indus:rial 1 2 3 45
6. Mechanical 7. Mining 8. Other(prs)= ﬁ e 6 . ht~ 8§ 9
9. Not presentl\ emploved as an eng*neer(PS)* . o n
I 4
i1. What is your hlghest educational degree? Please state major field in comments.. . g
. . R =]
1. High Schoo! 2. Associate 3. Bachelor's 4. Master's 5. Doctorate {1I' 2 3 ‘4 s <
6. Other(PS)=* . . 6 ' .
. . . : o
III, What is your sex? s ) B
. \"’]J . 4 . . \ : [
1. Female +» 2. Male WA ) 1 2 2 -
e , . . o0 X
ot
Iv, What is your major employment affiliation? . | 2 %
3 S ’U
1. University or college (not a student) 2. Gov roment © 3. Consultant 1 2 3 ¢4 5 5 ':;
) 4, Corporate (in’bu51ness or 1ndustry) 5. Student 6. Unemployed . ) 6 7 ~ s
‘ 7. Other(PS)* | , — : of ¥
' 4 4 T ‘ (‘B -H
Y. Who' is-paylng for :your attendance at "this course? \ o
. , . ' , 5
1. My employer 2. ¥ My self 3.. Other(PS)*.. - L 2 3 5
. - ©
- — B
VI. Did your employer recommend this course? o
5 1. No 2. ‘Yes R . ! 12
~VII, How did you hear about this course? )
. 1 1. Brochure/posted 2. Brochurée/mailed 3. Word of mouth 4. Newspaper 1 2.3 4 5
S. Profe§sional journ - 6. Radio or TV 7. Other(PS)* 6 7 - . .
III. | What is your age?f S - ) - ' ¢
o - “ .
1. Less than 21 years'old 2. 21-30 years old ~3.- 31-40 years old 1 2 3 4 5
%, 41-50 years old © 5. More than 50 years old .
IX. | What is your race? ) . . ‘ ) ) ) | =
A. -Caucasian® 2. Black 3. IOrientak " 4. Americar Indian 5. - Other(PS)* 1 2 3 4 5 :
' - B 353 7

?.]EKC’Sﬂle,ase specifv in enfnmen+s. . i

B




a
(SR

Have you previously attended this course or other contiruing
education courses in this subject area?

4

B K

ERIC

Aruitoxt provided by Eic:

\ ¥

“lopee-

‘\\; 1. XNc 2. Yes (Please list the taree mcst receut) SO
~ . . a - . .’
Course. Institution 4
. 1. -~ '
E 2. ‘ Cn . . '
3. ) ]
On a scale from 1 to 5 (l=very impertant; S5=unimportant), please rate how -
important the following factecrs were in your decision to attend this cou*Se -
Circle your response. If the {séuor is not applicable to your .
51tuat10n,ﬁc1rc1e nunber 6. . - = o N - )
000 - S 2 2
R . B o o, 0%
“ o o ~
» = [o % o [
. . > Q £ = © O
. ORE=Y W = %
o o E | = o [SPN
> . S oz < Iy g
XZ. My emplover recommended the course. 1 2 3 5 6 5 }Z
- . . - ot
. . . \ (@]
XI1I I was interested in the subject area. 1 2 3 5 6 . = ?
: &
, "
XIII. | My expenses were paid. 1 2 3 5 6 o aQ
. ; , . R |50
XIV.. | The host institution and/or instructor(s) were noted for their 1 " 3 5 6 E’ ﬁ'ﬁ”
' eXpertise in this subject area. ., - © s . c 38 g'
~ . -t
. I
[
»
Xv. 1 have previously attended this.and/or 51m11ar courses, and-have . S f&
s 1 203 5 6 . 5
found them to be of value.- . . o
e
S . . o
XVI. I wante% to meet and exchange ideas with my colleagues. 1L 2 3 5 6
. :‘
XVII. I need this course to maintain my present p051t10n or to be 1.2 3 s 6 , .
' considered for a prgmotion. ,
XVIII I wanted to learn or refresh my knowledge and skills in this 1 2 3 5 6
subject area, so my job performance may. be enhanced. éﬁ
XIX. Please list any other factors which influenced your decision to :
attend this course. oo~ . ' - .
. ne . . 3:~
x /o J
o VOt
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'APPENDTX A

EXAMPLE A-2 : ‘

>
]

N -
e v -

" Participant Reactiorr Questionnaire

? Instrument:
' Y

ad .

L . JE, SN -
Purpose: . A) To collect impressipnsiof participants
" regarding:, » Co
. A . ‘ - . ’
N ., - . 1) The course faculty as instructors. T,
. ) i i 2) The course content and presentation mode(s).-

R 3) Specific learning outcome characteristics. .
& o . 4) Anticipated usefulness of knowledge and.
“ skills acquired through the course.

- L L. . B) To elibit_participants' general perceptions
. ) and comments concerning the coutse.
" C) To identify further topics éﬁd‘areas of

) ’ interest to participants.

- Implementation: To be administered at or near the end of the fina

«1formal meeting of the course, either before or
after any posttest. = (After the posttest; after

, discussion of that test, and prior to or during

. closure is a recommended time for this :

oo . administration.)

L3
-~

4

Utilities: "~ A) To evaluate effectiveness of the course in
- terms of several broad process indicators.
.- R

3

B) To provide a source of formative information
. ‘ feedback to instructors concerning participant
* ] perceptions of content, instructional prdwess,
: and value of the course. '

"C) .To aid sponsors to evaluate addience
receptivity to the course, its content, and
its faculty. v

- * —_ . . -~
. D) To provide information to future potential
. . participants regarding the perceptions of )
previous pa(%icipaﬁts. : o
] . ‘ \ . EN ,
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COURSE: \ _ ‘ . -

FRIC

Bl 1 7o Provided by ERiC:

7
NSTRUCTOR(S) Y Py . , .
) . N o
! EVALUATION OF COURSE | .
b - v .- *
Py L N v L: : 5
on™ a scale from 1 to 5 (l=strongly agree; 5= stronglv -d1sagree) > > 5 '
} p‘ease respond to the following aspects of the course. Circle = 5 7
your response. iy Si: %
Instructor(s) . R . T2 g a2 S
1. The i o T, L . . 1 2 3 4 5
. e irstructor(s) was knowledgeable in the subject area. —_—
€ 1 2 .3 4 5 -
2. The instructor(s) effectively commumcated the knoulcage- f ' 1 2 30 4 5
and skilis presem_ed in the course. . -1 2 3 74 5 o g
- - &
3. The :Lnstructor’s) was not receptive to, vour cocments N i1 2 3 4 5 Y
and needs. - - 11 2 3 4+ 5§ oy
- S ,, &
4, The instructer(s) use of examples and practice problems 1 2 3 L: - e “ E?
- was effective in demonstratmg the krrowledge and skills 1 2 3“ % 2 _ f? Y
presented‘ in the course. . % 2 —_ 0 %
— )
. Cohtent & Presentation. ‘ » ) : g‘gm
) ~ [ . )
5. The text and[/or reference materials were appropriate and useful. 1 2 3 4 3 o :;’
- & P - N
. . - . 0
* 6. The organizat}od‘-of the course content was -poor, v 1 2 3 4 5 a -
. : 8 . } N
= * o
. NP . 5
» 7.. The course content was not relevant:to your wor}c activities, 1 2.3 4 5 8
. ! e
8. Tutoriale sessmns, tade available durigg the course, would be ’ i ” 3 4 5 . o
valuable additions to the structure of the course, ‘ et
too
On a scale from 1 to 5, please respon.d to ltems 9 and <10. oo
i dlfficult ’sy . .
9. The level of difficulty of the material presem:ed was: ° ¢ , 12 -3 4% s
. - ‘ . too too
. ¢ ( oo r - slow . fast
° 10., The rate of presentation of the material was: ‘ I ¥ 2 3 4 5 .
11. " Commentsor the course instructor(s), content, and/or presenngtion. N
_ . . . ‘ .
L * P - '; : '
~ qw B -3 . . ~ -~
as? . 35
4 »
; \‘1' f 4 . ) .




- - .
< .

N
e [

N Course Objectives: To disseminate cufrent information from varicus institutions, ‘
- including universities, government agencies ind practicing engineer- o .
ing groups, for the advancement of knecwledge concerning these sub- ol -; ;
jects and for implementation by field engineering applications. £ g S
Learning Outcomes ' s e oz
- = oL i0 e
V. <.:.‘ [ pgpany
12. The course met its spated objectives. b 1 2 3 4 5
13. The kmowledge and skills I obtained from this course will be of no value to o 5 3 5 l
me in my job. * ‘ " .
4. Tbe knowledge and skills I obtalned frem this course would have been difficult 1 . 3 . .
to obtain eisewhere. ° < ?
15. I met persons, other than the instructor(s) from whom I obtained valuable .
. \ . . . . , 4 2 3 4 5
R knowledge and/or information. §
. [ “
16. "I would not recommend this course tp others in my position. 1 2 3 4 5
"17. It is likely that, in ‘the future, I will .contact one or more persons, whom 1 2 3 4 .
I've met at this course, concerning some aspect of my work. - ’ ?
18. I feel confident I ean properly use the- knowledge and skillé I obtained 1 2 3 4 5
through this course. . -
. - . A\ d
‘9. I believe it is not appropriate to award CEU credit for this course. 1 2 3 4 5
\ . y .
20. T feel confident in the validity of the results obtained from the techniques :
w 1, 2 3 4 5
e presented in this course, . : .
2¥. I intend to further my study imto the subject area preseated in this course: 1 2 3 4 5
22. My experiences in the course were interesting "and enJoyable. 1 2 3 4 ¢ S
. On a scale from 1 to 5 (1=very knowledgeable; S=not knowled"eable) please answer questions 23 and 24,
23. How knowledgeable of the course content were you prior to entering the course? 1 2 3 4 5
) — . \ i
24. How knowledgeable of the course content“are you now upon. complétion of the 1 2 3 4 5
course? . . - - . - 4 L ‘
. i } .
9 . . » ' . "r.
CA ! , A . , o060
Jo . : " i
\)‘ - - , . »

ERIC

Aruitoxt provided by Eic:
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penuTjuod -~y °oTdwexy

~-LEE-




”
s

Do vou intend to share the knowledge and sk:lls you orcained
course with your colleagues at your place of ermplovment?

~ )

-a) Nc
b) Yes, I ar required to do ss\by my emplover. (How?)

c) Yes, I inten? to, although I arm not required to do so bw my emplover,
¢

o .

nat aspects of the course do vou feel were:

7

N

Most beneficial - .

.

-

Comments/suggestions concerning any aspect of the course,

v o«

Ve

,21TRUUOTISONY) uoT3oeay JuedroTiaeyq
pP3nuUT3UCD z-v sTdwexy

~

Please list thre¥.(3) topics which you would 1like presented in a course that would be, of value to ¥y
your work. .
1. .
2,
-3,
P

PAFullToxt Provided by ERIC




Instrument:
s SRnnent

Purpose:

Implementation:

Utilities:

>

-

APPENDIX" A’ ; )
. .
EXAMPLE A-3 . //
) e o /
. . - /
- . L4 /
Satisfaction/Utilization Survey Form- //

To gather impressionistic and factual da

regarding the applicability of the cours

and materials vis-a-vis the participant

roles a?d responsibilities.
' <

content
' job

As a part of a follow-up study of shokt course
participants. To be included among follow-up:
materials sent to participénts three¢ to six

months after course completion.

Q\

A) As part of an extended course gdvaluation pro- .
cedure and used in conjunction/ with data
obtained prior to and during fhe course, this
instrument provides data reg ding the extent
to which overall course obhjed¢tives have been -
obtained. <.

-

B) Allows for correlational studies and validation
of other evaluation information sources: e.q.,
in contrast to demographic/ data, facilitates
the “identification of chafacteristics of the
target audience that wil benefit most from
the course. .

C) Provides sponsors and others with documenting.
evidence of course valye and applicability to
.participants -dn their work.




Example A-3
\ ;-3 .
Satisfaction/Utilization ’Survey Form

.

1) Was the course a worthwhile orofessional experience for you?

DEFINITELY YES)
YES, MQDF.RA'!ELY S0)
NO) A comment?)

- - —_——— -

ﬁ ' [N
ﬁA) Would you recommend this particular course to other
professionals who work in areas similar to your own?

YES) -

- ———

’ NO )‘ w

2B) If YES to (2A), have you in fact done so? : '

YES) How many times?)®

—_——— ——

sNO) —_— , e

R + . y ?

3A) Please indicate the extent to wHich you have found the course
subject matter and materialys applicable to yourwork,

I have found tittle or no relation betweea the
~course content and my normal work.

I have referred to the materials and information
Presented during the course on several occasions' since.

- . . The course content has proven moderately useful
to me in my work. I refer to that content almost .

monthly, - W{

N - I hé;e found the course content has extensive
application 'in my work area and I refer to that
L content, frequently, perhaps on a weekly basis.,

3B) Rather than ‘judging the value of the course in terms of the
extent of its applicability and usefulness, have there been one
Oor more occasions since you attended the course where the
content and/or materials have been critical or otherwise very
valuable to you in some phase of work on a particular problem,
experiment, project, Plan, or other activity?

-

ND) . . YES) How many such occasions?

If YES, would .you comment briefly on the nature of these
applicationg? ,

\ ’ﬂ . . ) i »

{Thank you)

-340- 3£4
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" APPENDIX A . '

" Example A-4

e

« Instrument: Structured Personal Interview Protocol
s
Purpose: A To gather factual and impressionistic data

concerning aspects of short course implementation
in an industrial-or business enwironment.

Implementation: The protocol provides a structural and substantive ’
: format to guide discussion during a personal inter-
view between course designers or evaluators and
knowledgeable representatives of corporate clients:
e.g., a continuing education coordinator, a ,plant

v - training manaq?r Oor supervisor, or a course
instructor. . ,
Utilities: .A) To di8cover corporate perceptions of coursa
utility and to identify further educational:
v needs. : .

.
.

¥ '
B) To clarify the characgeristics of corporate
personnel who comprise the course audience. |

C) To identify preferred instructional procedures
and presentation modes followed by corporate
clients to implement the course (and to
contrast these with design specifications for
the coursej.

\ L]

D) To identify formal and” informal modes of course
evaluation and assessment of participant.
learning presently- employed in corporate .
settings, a * -

. E) To gather information required for formative
and summative course ewvaluation.

1

F) To make acfuaintances and friends in the field
of potential course users and to test .the
marketability 6f new courses or course
modifications.

-341-. ‘ '
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Example A-4

<

Structured Personnel Intervie2 Protocol
' . +

Questions about’ matters of fact and procedure:

I) Why did the cémpany want or need a course like "Design of
Exper1ments"° - -

~

II) How did.the company find out about and- se1ect "De31gn of
Experiments"?

III)_What company personnel took the course?

A) Why were these persons selected?

v
i

*B) How were these persons selected?
£

C) wnat incentives, benefits, or compulsions weré used?
D) What consequences for subsequent employment and/or

advancement opportunitles were contingent upon sué&eseful
course completion?

What arranqements°were made for:

1) course time (i.e., reqular duty, release time, off-
duty, etc.)’

~

2) travel, meaks, expenses, etc. ' \ Z}
3) ’books, materials, supplies, etc.

How was theecouree implemented by the company?

-

A) Scheduling meetings, films, discussions, examinations, etc.?
B) Homework and other course- related activities outside formal
class meetings?

-~
¢

C) "Was an experienced statistical consultant on hand to help
atudents°

y

1) wWas this person a company employee or an outdider?
2) Was there a c0nsultant plan to utilize this persan?
.a) Did he grade or otherwise comment on homework?

b9 Did he give demonstrations, act as an instructor?

*@f Did he. provide students with company/jon,related
examples?

!

-~
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Example A-4 continued
V) How did the company evaluate the course and the sEudents?

A) The course cost.s money; yhat“benefits a¢crued the company?
< How were these measured or appraised?
.
B) Did the students complete "participants questionnaires" or
other similar instruments or sugveys?

1) Were student "comments" solicited by course faculty and/
or traininqg school staff? g

- -

2) Were these and/or other data sources used to:

+

-

1 ]
a) justify course expense?
. . -~

. £ ¢
b) modify coufse design and implementation strategy?

o C) Were any formal achievement tests given studernts? ~

-

1) Was a certain score on such a test used to indicate
, successful or unsuccessful completion of the course?

2) Did such "grades" go into students' personnel files
as permanent records?

D) Were students' supervisors provided- formal or informal
reports? )

v . Y

Questions about matters of opinion: ‘ -

9 -
I) Did étudents like the course? Did they think it was a worth=
while expenditure of time, effort, and money? T

II) Is the company satisfied with the course as a whole?

-

« -~ A) What features wer’e gipecially good from thé company's
viewpoint? ‘ . :

B) What needed to be or was done’différently?
III) Could or should students be sélected differently?

IV). Was a statistical consultant important? To what degree was
the course "self-iqstrquional"? :

V) Would thejbmpany be interested in a formal évaluatiOn process
aimed at uring and- reporting individual student achievement?

A) “D@sign of Experiments" costs about SlZO!OO/stﬁdent. .Would
~» the company be intérested enough in formal evaluation to
pay an additional $10-15 per student for this service?

» ' S |
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APPFNDIK B . . o !

QAMPLL ABBREVIATED, FMBFDUFD TEST *OR COMPRPHFNSIVE ‘. *

AQSESSMFNT OF COMPLEY KNOWLEDGR AND SKILLS d
- PR 4 .

]

The short test whdch follows is an actual test for

~

'one unit in a six unit course titled _ydrology and °

4

Sedimentology of Surface Mined Lands, by C. T. Haan‘and

B. J. Barfield, Univers1ty of Kentucky Office of Continuinq -
SEducation and Exten81onf Colleqe of Engineering, 1978. ”“l
The course is a very- popular short course. taught: in

three day 1nten$e workshops * The enrollees are mlninq

engineers and others with interests in the construction of

better water~dfainage and storage struc:ures for surface:

mining operations, The:course is highly technical and

develops an ability for participants to use a complex set '
. 4of Procedures presented in the course ma\ﬁal in the design -
of actnal structures under very different types ‘of slope,
soil, climatic, and mining-conditions:

.mhe_solution of entire real problems takes several
hours and sometimes evan a day or two. Therefore, the
actual teachinq of- the course, as well as the tdstinq of
competence of participants at the end of a unit of instruction

. or the end of the course, cannot be based upon havinq

participants complete actual entire problems. There simply

\ - v

woitld not be enough time.~ o i : S




Ve

The sample short  test presented is one way to assess
the knowledqe and skill of course enrollees in the complex
content of the course. The test items range from simple

and basic understanding of principles through the application

-~
]

- of these to the solution of realistic,'complex problems., .
Persons' test scores reveal much about what the individual
has learned and what he or she may(not have learned

Similar short tests may be constructed for other units
in this course or other courses These unit tests can be ’
assembled into one comprehensive test. For -this course it
would take about one hour td complete such a 50 item test.
The test would abbreviate a set’ofirealistic problems which,
ff presented "in full, would - take many hours to complete. The
test is, thus, an efficient estimate of the learning of .
.persons based upon;a much shorter time period of activity,
proyided the items age sampled appropriatel§ and properly
constructed, SRS ‘ |
. As such a test isldeyeloped, parallel forms can be
produced.’ This allows the use of short but comprehensire
'tests for pre-tests: embedded tests, post tests, and delayed’
post tests. All of thejj types of tests can be useful in
assessing, not only the learnlng outcomes for a course for
individuals, but for judging the effectiveness of the

I

" course as well.
4 -

i

o

G—

“Aithough aobrev1ated tasks- of the type 1nc(uded in.the

sample test .are never a substltute for the assessment

\ . .
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of 1earninq by observing actual on- the ]Ob ‘performance

{ ° ¢ - R

after the completion of a course, or by analy81s of actual.
2

work\samples of persons completed after the course,:the } '
abbreviated test tasks can be an efficient.way to judgettgg‘ .
degree of leanninq-resulting from a courses at. its’ conclusion.\
The sample items which follow, the explanation, ‘1, -
commentary, and the guidelines which are included may be'ﬂ
"helpful to understandinq how: such efficient but brief tests -
of complex performances mE"'be deveLoped// d assembled.
Studving Chapters 7 and 10 will also add -‘to this understanding..
The charts, tables, and nomographs which are atgaehed
to the sample test are taken from the Haan and Barfield (1978)
manual, ‘They contain information*néeded to solye the
- problems presented in the items. Coupled with the test.itemsf
: they'test for the ability of individuals to make proper use
.of the manual and its materials in'the solution of prohlems of
a realistic nature. These realistic probléms afe presented
in the test items. They are sampled from the domain of o
:real problems frequently encountered in the desiqn-of open
channel hydrologic drainage structures in surface mining . -~
situations. For convenience the complete sample test is -
presented in their appendix, although it occurs earlier in

jChapter 10 as Table 5. . . ©

o

- : e *

-

Performance Objectives for Which Items Were Written

. As pointed out in Chapter 10, the spécific performance

objectives stated in operatiahal terms need to be developed

a
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prior to the preperation of the instructional activities

oY test items hy which to assess-thefechievemenf of these
expected outcomes. The perfotmance objectives for 'the open
channel hydranlic structures unit of the Hydrology and
Sedimentology ;ourse’are'stated in" Table 4 in,Shapter 10.

‘Fo; convenience this table of objectives is also nfesented

in this Appendix. It 'is thése particular performance

objectives thet the sample teSt items are'designed to assess.

¢ x
The reader should now examine’the performance objectives

-

Ve

in Table 4, the test items developed to assess these
‘bbjectives in Table 5, and then read the additional comments

which follow. These explain the defails of how each item
. . .
operates, what it is intended to measure, and why. ‘The

-example should be useful to persons wishing to coenstruct

. .
. . .

similar tests for units in technical .courses.

Presenting the Stimulus EiementS»Réquired for Performance

-

Appended to the set of test items é%%dents receive is a

‘ . - ? ¢
~set cf figures, charts and tabless(Piqure'S) One main

.

oh;éctive of the course is to teach students the proper use
of these materlals contained in the manual All of the
flgures and. tables appended bo the test‘booklet have to be
used to solve the problems or answer ‘the questlons, exaept
for Figure‘3 101' Since all the flgures octcur 1n)one place
with the tab}es after the‘test items, stidents have ‘to

;dige:imina;etfrom among the ehtire array the particular

‘table or figuré needed fqr e/particular aspect ‘of a problem.
| . , . )

c. SRR 1Y

o




Table 4

Performance Objectives for Open Channel
. Hydraulic Structures Unit: An

Illustration of Test Construction Procedures*
. o

4

T - ,,’
8 , . ‘ V4
_ . ) Descript}on of the Performance
Objective Action . Required and the Conditions

Verb (s), Under Which it is to Occur °

€
Describe What happens to the value of
Manning's n when the boundary of a
*channel varies through a'range of .
Structural conditions including’
different types of Vegetation, non-
vegetated soil aqqtregates, and
man-made lining materials.
. o ‘ '
Recall, . The typnical profile of flow
Recognize " velocities (fps) for hydrologic
channels of'variqus cross section
shapes at typical slopes.

Describe The relationship between retardance
Adjust and‘flow rate in an hydrologic )
. .Calculate channel and make adjustménts in
' design specifications (depth, top
width, hydraulic- radius, slope, ’
and cross section) to produce
desired freeboard and channel -
performance given changes in
retardance or flow.rates.
\ . - " A
Calgulate- By the limiting velpocity method the
. permissible flow rate for chdnnels -
. ' given various slopes,gréquired
capacities, boundary conditdons,.
soil types, and channel cross
sections,

Calculate By appropriate methods and proper
use of tables and charts provided,
thé value of Manning's n for any .
type of channel given the’bou,ndary. ,

x*

characteristics.,

*See Appendix B for details about how the performance '
descriptions were developed and how test items were desiqgned
to measure each objectiwve. :
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Objeqtiye
Number

6

10

Table 4 i(continued)

Action
Verb(s),

Calculate

Calculate

¥

Design, .
Diagram,
Label

‘Recognize

*,

’

- Use

Select
Doublecheck

N -

i

Description of the Performance
Required and the Copditions
Under Which it is to Occur

The hydraulic radius of channels of
differing cross sectiéns according

"to the appropriate.qmodification of

-

the basic -computational algorithms.

The design specifications for any
given channel including the values
Vp, R, §; D, T, and necessary free-
board given the spécifications for
any two of these values and
information about soil type,
topography, . etc. o '
A hydrologic channel designed to
.pexform to stated specifications
under stated problem conditions-
similar to those listed in item

g ahove. )

The reasonableness of design
specifications obtained,as the
solution to a particular design
problem involving a hydrologic .
channel given the problem variables.
Appropriately, computational short
cut procedures, computational )
algorithms, and graphic solutions to

"complex equations given a variety

of problems involving.the design of
hydrologic chamjels ufider widely
differing conditions oﬁxrainfall,
‘soil*type, siope, etc.

~3
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‘Table S

TEST FOR "OPLN CHANNEL HYDRAULICS" UNIT - Illustrating ,
the Mapping of Items to Performartce Objectives

@ -

>

1. what is a typical profile of ‘flow velocities (fps) for '
the . channel crass section represented in this figqure?

—

A, a=4,9, b=w6,5, ¢c=1.,2,d=2.6

B. @a=1.2, b=2.6,c=4,0,d=26.5 .

C. a=2e6.5 b=4.9, ce= 2.6, d =1.2 &£
C. .a=6.5 b =¢6.2, c=2.6, d.= 2.3

-
.

2. What happéns to the value of Manning's, n when an-
erodible’ parabelic cross section: open channel is ¢
vegetated compared to'an identical nonvegetated channel?

. [
increases i ‘ )
decreases . : -l
remains unchanged ‘ -
var1es with runoff vélume

cowy

¢

3. A nonvegetated trapezoidal channel through a sandy loam
. collidal soil has originally been designed to carry 8 '
cfs of water down a 4% slope. Suppose the engineer later
dec1des to use a vegetated channel. What must he do to
. insure ‘an equivalent capacity with the vegetated channel
given the same slope, soil condltions, and channetl shape?
* A, Select a qrass\whlch widl grow:to a uniform’
.. . height without clumpifig to assure uniform flow
o : rates at the channel. ‘perimeter. .
Design a’ somewhat deeper and wider channel to
allow for the increéased retardance-o the,flow
., caused by the veqetationl L
C. Design a somewhat. shallower and narrower channel
because with vegetatlon a higher flow rate can
’ S be sustalned
« D. Maintain- the original speciflcatlons for the non-

oy

‘. vegetated' channel because the flow capac1ty will’
- > . remaln nearly unchanged . .
. . . ' ‘ Q . ’/\
’ ., ‘ . - . '; ) v
"b_ . N b * . { B . -350" .
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Table 5 %continued)

¢

-~

A channel is to be designeéd to carry-11.6 cfs of‘
clear water down a 7% slope. The channel material is
shale and hardpan. The channel is to be trape201da1

Wlth a 3:1 side slope. Use this information to answer
questlons 4- 8 .

Using the limiting velocity method, what—Ls the
permissible velocity (fps) for water flowing in this
nonvegetated channel? .

v H

What is the value of Manning's n for this nonvegetated
channel? ° -

A, .037
B. .020 - S

C. .030 v .
D. ..025 :

s

4 ’

. — . . 1.49 2/3 1/2
Using Mannings equation, Vp = —— R 8 , the

hyaraulic radius of the channel is calculated to be
1 32 ft. The channel cross gection area is found from
= Q/V and 'is calculated to be 1.93 ft2., fThe en91neer
then assumes that the channel depth should be
appzox1mate1y 1.3, feet. He also assumes that the bottom
"widtH, d, can bé estimated from A = bd where
b+ 1.93/1.3 or 1.48 ft. What should he do next?-

Add 20% to the depth value and the bottom

width value to provide adequate freeboard in

case of a heavy rainstorm.

Check’to see if his approximations for depth

and bottom width are reasonable by u51nq the

relationship .
'-bd+3(_i_7n o .
R=p+ 24722 + 1

Calculate the top w@ith of the channel by

using the relationship, t = h + 2dz.

Calculate the wetted periméter value for the .

channel using the relat}onshlp 2d’ Y 2 + 1 to -

etermine flow re51stanCp ,

kil \

*Items enclosed in brackets contaln in ormation in their stems
~ necessary far the ‘solution of problems contained in later items
Ain that group of items. ' . :
H >

-
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7.

10.

11,

-

Table 5 (~ontinued)

‘What can be said about the engineer's estjmates of the
values for the depth and bottoq width of ‘the channel?

A. Both values are a reasonable approximation of
the true values. ) _ ~ v
B.  Neither value is a reasonable approximation of
'~ the true value. _ . s ,
C. . The width estimation based on assuming a !
- rectanqular cross section is only slightly in error
D. The depth approximation is based upon assuming
that R = 4 an is quite accurate for' this chahnel:

What are the final val&és which are necessary, for the
depth, (D) bottom width (b), and top width (T) of the
channel if it is to operate at the capacity given in
the first part of this problem and under the soil.and .
slope conditions specifjed? 1Include the necessary o
freeboard (ft.). -

A. D=1.3, b=1.5 T =9.26
+B. D=1.6, b=1.8, T=11.]1 - )
Q. D=2.0,b=7.0, T=15.0 :
D. D=2.4,b=7.0,Ts18.0

¢ {
A parabolic channel ‘is to be deé’signed to carry 25 cfs
of water on a 4% slope. Because the' soil is, easily.
eroded ,® the designer. decides to vegetate the channel
witk fescue which is to be unmowed. Use this
information to answe® questions 9°- 1j. . L

What is the maximum permissibf% velocity for water

. flowiha through this channel (fps)? B
& -

L]

.
~»

oowh>
w g untw
)

.5 T

What is the retardance class for this vegetated channel?

¥

A

00w
ON P .

L 4
4

What is thke hydraulic radius of this channel?

?

-

4
.

A, 1.1 - .
B .58 _ A : -
c. .82 - -

D. 1.6 T . . . s

i

1.
4
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Cross ; Sectional wetted Hydroulic .
Areq o Pecimeter, p Radius R:B‘ Top Width
i
bd +2dt 12 b#2d2
bd + Za! pr2aVZiei [ * s
. ‘oraaVzer | T b +20Z
-
* .Tropezoidal Cross Section
¢ 1' ’ - ! J ]

LERE A Sttt - —_— |« 242

' ¥ ; ‘ za* . | 20 VZter | 2YZ HI 0,
© § [ . or T‘;‘ \

z:q £ approx
0 e— L 2
“ Trionguigr Cross Section
[\ T J 3

1 ' 12q y:3
- . L T t ey
‘4-.--!-------o--¢--.-------—\3>, g"d ,*ﬂ 15t {Q'fd QG?dU

EICVASENVRNE. SRR - - . 3 3t 2¢°-'. T:y(_o..)

S Y . > -3-cppvox .d

(3

Parabolic Cross Section

Pigure 8. Properties of typical channels.

1

N Table 10 Limiting Velocities and Tractive Forces for Open Channels.
' (Straight after Aging) ' )
' Water ?ansport-
- For Clear Water  1ng Colloidal Silts
/ @
| . }J - . Tractive Tractive
, A Velocity, Force, Velocity, Force,
* Matenal ' n fps psf fps psf
Fine sand collodal - - 0.020. 1.50 1 0.027 2.50 0.075
Sandy loam noncolloidal 0.020. 1.7  0.037 250 °0.075
| . Silt loam noncollodal’ " - . 0.020 + 2.00° 0.048 3.00 0.110
- ' Alluvial silts noncollowdal 0.020 .00 0.048 3.50 0.150
o Ordinary firm loam : 0.020 230 \ 0.075 350 0.150
> Volcanic ash . 0.020 250 0.075 350 Qo150
| - Stiff clay very collowdal 0.025 ,3.75 0.260 5.00 0.460
- Alluvial silts colloidal - 0.025 395 0260 +5.00  0.460
Shales and hardpans 0.025 6.00 0.670 6.00 0.670
'Fine gravel o 0.020 . 2:50 0.075. .5.00 0.320
Graded loam to cobbles when non- ) . C .
. coflowdal . 0.030 375 0.380  5.00 0.660
. Gfaded siits to cobbles when colloidal  0.030  4.00 0.430 5.50 0.800
Coarse grave] noncolloidal . 0.025 4.00 0.300 6.00 0.670 °
Cobbles and shingles 0.035 3500 - 0919 550 1.100
' * From Lane (1955). * - L
~ : ' &=
” . )l L Ray Bl
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MANNING'S
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* VR ,.PRODUCT OF VELOCITY AND. HYDRAULIC ,RADIUS

A

A

Pigure 9. n-VR for various r;etardaizcé classes, .
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) «~ AN : N
Since this is an important part of .what is taught in the

course, and also of what is reqiired in the real work settina,

'
-~

it is appropriate to,require such tasks on the performance -

Yest. - R

-
v

'Produciné Items Which Test for Various Levels of Skill

r-

and_xnowledie _ .
For the most part the test items do not require
_computation: Rather they require’knowledqe of relationships
and procedures. Items one through three test for knowledge
\of basic propertles and relatIonshlps. It would be possible

to develop a number of items to ‘test for relationships other‘

than those presented. Those items developed and included on

‘

'‘the test .oyght to he central and important to wise use of

the procedures being tauqht.

-~

. Ieems 4 throuqh 8 represent a problem parallel to a ~

practice problem given in the courgé for this unit. The‘j

l
example problems in eaqh of the chapters in the manual define .

¥

the functional competencies expected of students. These are

L]

the performance objectives for each unadt or chapter .

-
. /

Therefore, it is best to prepare items which test’ for knowledge

of the procedures and method$ which are required for solution
e

(/of :the pnoblems. Althoughrthe problem presented in items 4

throuqh 8 is parallel to the practice problems ‘used in the

.

course, it presents different soil, slope, and other.

’

dharacteristics than were encountered in the practice problem

>

\
The new problem is paralilel with.respect to the skill and’
-357- i :
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knowledge required forf its solution, but not éimply another
identical problem where the individual need only substitute =~ °
4 . 3 -

: o o , ) N
in new values to obtain the correct results. FEach test item =

-

in the series of five items atteppts to measure some particular
aspect of the person's knowledqe and skill in using the

prdcedufes to solve thé problem. In addition, each item is

"written to be independentfpf\theiothér items in the series

with respect tg having _to have the correct. answer to one
%

item in order to .have the correct an9wer to a later item

o

It 1s permissible to have a related series of items about a
0» Lod
commoﬁ set of problem'situations, as lonq’as ¢he answer

to sany one item does ngt depend upon the answer to anyy

<

other® item. - . ~ . ’ '- ¢

»

Items 4 and 5'test for knowledge of how to'enter the~

e €

correct aabkee/aﬁd éxtract the correct value Gor two variables

given certain: blem;conditionF. ‘Item 6 measures the
Vot ’ . .

concepts relat to proper estimation procedures in this
type of probl .- Item seven is n similar item. - It’tests~
for knowledqe of when it is- appropriate to apply a fule of.

thumb;vthe ¥ule being that for shallow, wide channels, d is-

-
»

approximately e@ual to R. /n o S 'L. , .

Item 8 is the only item so far which requires'any

. .‘)'¢
computation. It requirea %%e individual'to use information ’

L]

, qiven in,the oriqin&l tatement preceding item 4 and’the

ffadditional information qiven in item 6. From this, _

information the specifications for the channel can be

-358&4




‘involving all of the parts of the equation. Rather, three

4 , . ‘e

calculated and the- Ereeboard values determined. This is
the most difficult and time consuming 1tem A few
computational items of this type are needed in’ order to

insure a wide range of item diff1cult1es and to assess persons'

knowledge and skill across the ranqe of performance required

. 4

- for solving these types of complex problems. TIn other units.

¢ i d

of the course, such as the one dealing w1th the- universal
SOll loss equation w1th all of its very complex four parts, N

1t would be best not to reqqire the working of a problem

of the values in the equation might be presented as already

having been determined with the .fourth to ba determined from

)

the appropriate’. use of information provided in a problem or

!

question .and through the selection and use of appropr1ate
. :
nomographs, ruleS‘onthumb tables, and approximation

procedure§ Once again, items which test for knowledge of
how to teatfthe validity of the approximate‘solutions |
achieved by these procedures shopld be indlude@, since this
is' an important intended; dutcome for the course, ‘

~ Items 9, 10, and 11 are intended as another problem’

Sseries which tests for knowledge of procedure, rules of.

_ thumb, and checking on estimation procedures for a channel of

—~

‘a different shape to be designed w1th vegetation The -

complete question series thpough the checking on the

estimation procedure. values and the calcglgsionaefwthe”ffﬁal -
des1gn spec1fications argﬁng&wpfese;ted.in the sample test. -

(Y
AT
o

T -359-




Some General Guidelines = .

However they could be developed the same way as is illustrated

-

in the 1tem ¢ throuqh 8 ser1es Again, because of time-
constraints only one or two of these computational’itemsf
for each unit or chaﬁter‘should be used with more. of  the \
other types of items which test for basic knowledqe of..

concepts, relationships, and procedures

N .

When a series of related 1tems and st1mulus information )

at the beginning of these items is to be used by students,’
it is important to tell the persons being tested that

series of 1tems are presented in places; that the 1nformation
given in the stem of the question and the dther 1ntroductory

'

ihformation is needed 1n other .questions;. but that a wronga

‘answer to’any one question does not necessaril? mean that all

the remaining questions in the “series will be 1ncorrectly

‘answered. It is also 1mportant to enclose any question

series in a .well defined bracket marked on the margins of the

+

- L

¥

test item booklet, as indicated on the sample items. in order

to indicate which itemswshare common information in their

-~

stems. - .-

The gegeral quidelines'which follow ma§ be hélpful in

designing test ' items for technical courses similar to the

’

"Hydrology & Sedimentology course.

l. Test for What has Actually Been Instructed -- Present only /

problems or questions which were actually instructed in the

~., 360~
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Vaud

shorf course itself. The H&droloqy and'Sedimentoloqy text -

has much additional information and detail that must .‘ : .

’ necessarlly be omitted in the short course presentation. . f

-5

Participants cannot havé been expected to have studied the o

text thorouthY,gy-the end of the short course, but they can

be expected to have understandinq of basic-prouedures'such

as how to set up ‘a problem; wh1ch Jrodels, assumptlons, rules

a
»

of thumb, and bas1c parametgrs to use “and’ how tosextract ‘ ,

te .

des1red values and qraphic solutlons to certa%n equatlons~

e ’ ‘4\ . \ . ’
) from chantsp;tébles, and/nomo%raphg mhrs»ls what the test
/o ¥ - , .
"ltemS S‘lﬁuldfeﬁt' f’OF P '. L 4 r' o PO dv' e . - .
» 'c K . i/- . ._.- '\&. “~ Lok ." .

‘2.; Be Sure Penformance Objectives, Tesk . Items,\and

e Demonstratlon Problems'are Conqruent‘-— Use the strubture of~

the actual problems used as 1nstructlonal example problems

? »

q: as the operatlonal despriptlon of what 1t is persons ' shbuld -

*~
t

be able to do at the end of the course. Those problems -

- . :

shoulﬂ'be very clear, desiqned axpllcltly to 1llustrate the

b o

ecaneeépts and procedures to beulearned, and ‘can be broken‘

down into individual test,items to assess competence in each . 3}
phase of the.procedures'in.each'section of the course.
. - e : - o
3. pevelop Test Items WhiCh'Map the.- Full Range of Performanck

)

v

- Desxgh several types of questlons for each unit or chapter

L4 +

These should be graded in dlfflculty from easy to difficurt

and should include I " ’ o .
. \ A , .

Y 3
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: example, a qdéstion about the poent pn the’ in&low and ouif:-L

4

N a
f
’ — -
. .. , -

.

t" -
.. Co ,
. . - b
-
.
.

A.: Basic information and concept questions cancerned

.
-,

with definitions, terms, and simple coneepts upon which the

O
other procedures depend Item 2 oh the samplb test is such

an item., o o . S

~ B, Basic relationship questdons which test for

- o

comprehension of'the relationships between physical variablns

and their representation in equations, gnaphs, etc. For

°

¢ -',‘.‘
flow hydroqraph where the time of maximum storaqe occu;s\v
can test cdmprehension of such a relationship. Anothen

» . .. ,

questidn’ might be written to ask. why the time of maximum

r (3 A
storage is where hhe outflow. and inflow hydrographs cross.,

. $

Four answers cq§ld be provided with one correct and the. other~,

hd L}

three being good distractors. Items 3 and 6 on the sample o7

test assess this type of performance capability. _
c. Procedural questigns which test whether or not the
person recognizes the" proper steps in setting Bp a problem, N

working through the sclution to a problem, etc; Notice the

emphasis upon recognition. In such: items the basics of the

€

problem should be presented and several alternate ways of
setting up the problem would then be given. Only ‘Qne. would
be correct The others would all be. in error’ in some way,

because of the misapplication or failure to ad3just a- model

for a’ particular set. of conditions, etc. This is What,item

1

6 on the sample test is designed to do. wfhe;::her ttems f:
which require the person to recognize ‘the &5 ect values‘for

~362-. e
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, An example of this type of item is number 7 on the sample

4
Manning s n or for maximum permissible flow q1ven soil type

.and other 1nformatlon also do this. The peérson must

recoqnize the correct value or be able to match those -
presented aqainst those he or- she looks up in a table or chart.’
D. Concept application problems or questions which

‘test ' the deqree to which the person understands where a

~Dart1dular concept, gule of thumb procedure, or method

'applres and does ndt apply. This type of item can often be

written by qiv1nq the physical description of a problem and

~

then hav1nq the studentrrecoqnize the correctness of the

approach or approaches outlined by wh1ch to solve the problem
)
("

' \

. t.est- v ' * ' i L

13
1

. 4. Rrepare Brief and 1 Time Efflcient Test Items -- As is

clear from - the above discussion, mOSt items should test for

recoqnition of correctness of procedure, application of .

I ' ’

concepts, setting up -of problems, and reasonable variable -

‘values as outcones. ‘Relatively little emphasis should'be
L34

given to computational 1tems because there is- too 1ittle

time to’'do so. In addition, any such test will be only a4 *
test of basic knowledqe and skill in usinq the ideas and
procedures in" the manual, not in facility in actually
applyinq the .1deas and concepts in a hithy accurate and wise
manner. The latter outcome is de31rabLe and can be achieved
hut not within the time, limlts of the short course. The !

“ i , . , .

1 - ’ .
~ . < °
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P /

test items should be a reasonable sample of performance that

can.be expected to result from the actual shart course . ;

.1nstructlon. A delayed post test or _york samp%es of pract1c1ng '
7/
englneers can be used to assess long term contlnuedigrowth of

»

knowledge and skills weeks or months after. short course

- - ¢ " -

completion 1f 8o de31red T . ¢

5. Prov1de Materlals and Information Needed to Solve the

»

Problems - Informatlon about formulas, equations, ¢harts,

°

tables of values, and nomoqraphs should be prov1ded Test

items should test “for knowledge of how to use and apply such

" relationships, not for recall of formulasJand relatlonshlps..

' By

These facts!can bé lnoked up by any practicing engineer and -
are routinely. The charts, formulas, graphs, tables, and
nomographs needed to answbr questions oUght to be clustered

together 1n sections for portions of the test to be avallable

.

égo,persons, but also to providé a- test of their abllity to

dlscrlminate from among and properly use the approprlate

\

equation, chart or table. Example test items 4 - 6 attempt

to 1llustrate this pracetice.
, i
. ' .
6. Use Stdndard Procedures.to Produce Good Multiple Choice
7

t

Items ~- Follow the wsual procedures for?the design of good
multiple\choice items., A set'of hese general procedures
is prov1ded in a listing in Table 10, It should be

apparent that, multiple choice questions are very time g ‘

eff1c1ent both from the standpoint of the time regulred ﬂor

completion ngFhe test and for scoring. However,_any.of the

-364- .




R T 2 4 : ‘ . : .
“items presented in the—sample test could be used as an essay,

2

'constructed reSponser or problem solv1ng item; \The stems of

-

& good multlple cholcé 1tems always have thlS property. If the

%

,.stem is Well de51gned it can be used in elther "the objectlve

multlple choice format or as a constructed response item.

<
¢ -~

Persons 1nterested 1n the details of constructlng murtlple R

cholce 1tems‘may,refer to Maratuza (1977) ,or other similar

sources referenced in Chapters-ﬁo and 11.
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-

'Is a problem clearly deflned in the item stém’

. Aro the choiaes clearly wrltten for the 1ntended gfoup
of examinees? . . ) ©
Are the.choices ' free of irrelevant material? (Agaln,

- one ex1sts)Q \ X .

Table 10
CLTST OF COYSINLRATIONS, TOR PREPART S 7 ,
b . MOLTIPLE CHOICE IS - - |
ﬁ\ . » ‘
Isuthe iten stem c1€ar1v written for, the Lintended
graun of evanineeas? S *
1 4 - . \
Istthc item stem free of irrelrvant mater1al° (Some-
lees in a complex prohlem quesiion voukmav want soma
rvelevant 1ivens to test the nerson's knowledge of ‘
whxch relatlonshlns to use.) Se¢ sample jtem 1. . '
"Parabollc Cross sectlon" could he deleted but its -
presence requires some discrimination of ‘irrelevant
information from relevent 1nformatlon.,

-
n . . .

the 3 false dis¥ractors need to be false and so may
make use of giyén*material which is normal to the’

. elevant to the given aspect being .
tested in a p rtlcula: item.) - - \ :

v
i Y

Is thope a c'rrect answar or § clcarly best answer’

r-"ail"

"none" been : .

I

answers ‘r optlons° .

Is %all d* the above" avoided,as a distractor?

Ape thLe cb%ﬁces arranged in a logical sequence (if : -

&, [
Was the corpect answer randomly positioned amocg.the
avallable ontlons° - - .
sf N Y]
Are all repéiltnous words -or exprgssions removed from
the cnolcesEand included -in the em stem? (Example -
item 4 on the sample should have/ fps in the stem, not
after each d% stractor.) ‘ e

Are all. of the choices of approximately the same .

length? (Persons tend to select the longest option,
and the’ 1onqest option is also more ofqgn the correct
one.) b . .. -
vy v
~ Vi - ‘. " -
x};\ 366 309 .
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4 - ’ 3 «
- i ., Table .10 (continued) ) .
N 3 P o ° . -
\ ' v . o .o [
Do 14. "o the,item stewm anl choices follow gtandard rules of

punctuation and grammar? .
. . t
15. Are all neqgatives underlinel? (I'xample - which factor
is ndét relatod td the numerical value for Manning's n?)
‘ ) . ~
. 16. Are grammatical cues bétween the 1tem stem and the
! choices, which might give the correct answer avay, ’ .
+ removed?
L IRY
17. . Is thg item format apgloprlatc for measurlnq the .
intendel objective? . A

4

. 18. Are items independent from one another in terms of the
’ ' answver to item n + 1 not bcinq Jepgndcnt on iten
' n, etc.?

{a

t

- I

. <
.

- R . s

o
~
.
!
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