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FOREWORD

tearnitig-in-work is an integral part of Experience.Based Career Education Programs,
internships", cooperative and work-experience programs, and on-thejob components of vocational
education. Since the early 1970s, there has been a movement in education to expand the educakion
'Opportunities of all students to include "real world" learning experiences as part of the total /
educational. experience. In an attempt tp investigate the relationships of learning and work, qie
National C,e'riter for Research in Vocationli Education has initiated a programmatic effort to conduct

.%basic research of the phenomena. This study, supported by the National Institute of Education,
reports the findings of an exploratory examination of student retention of mathematical and
realling concepts as they result froet7ollment in a learning-in-work and in a traditional learning
etivironnient.

Appreciation is extended to the Anoka-Hennepin Sthool District No. 11, Anoka, Minneiota,
for their cooperation and participation in the studV: Don Anderson, Director of the Experience-Based
Career tducation Program, and Roger Giroux, Director-of Research and Evaluation, were instrumental
in providing support for,the research staff in.their investigation. Recognition is due Tim Wentling,
Professor of Vocational Technical Education at the University of Illinois, for his assistance mill the
collection of the student tesNata.

.

; Technical advice for the research effort was provided by Harold M. Schroder, Professor and ;-

Department Chairman of the College of Business Administration at theUniversity of South Florida.
His scholarly research in the area of complexity training add development of individualswas
especially useful to the research staff. He is also recognized for hikgritique of the'report.

Appreciation is extthided to our reviewers of the technical information document from.which
this report is derived and for their recommendations and suggestions: to Joe Grannis, Associate
Professor of Edu&ition, Teachers College, Cblurnbia University; Mary Malone, Dean of College of
Education, Rutgers University; and Tom Miller, Research, Specialist the National Center for Research
in Vocational Education.

Special apPreciation is extended to Ronald Bucknarn, National Institute of Education Project
Officer, for his contributions to ti it effort.
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Recognition is due Richard Miguel, PrOgram Director, for the direction and guidance he c4r
provided the study; Michael Crowe, project director;for his overall direction of the project and the
writing of the report; R. J. Harvey, Graduate Research Associate, for his assistance in conducting
the.nhalyses of the data and assisting with the preparation of The report; Jeanette McConaughy for
her editorial services; and Jackie Masters for her secretarial support services.

4I

Ficinrt E. Taylor
ecu tive Director

the lational Center for Research
in oeational Education
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ABSTRACT

(7 The study examined the retention of mathematical and reading concepts for students enrolled
in a learning-in-work elwirohment (Experience-Based Career Education) and a traditional classroom
teilrniiig environment on a measure of academic achievement in a twelve-month longitUdinal design.
StiNnt performance in-each environment 27) was evaluated using the Comprehensive Tests,of
Basic Skills, W"hich veyas administered at the beginning and end of their junior year and at the
beginning of the senior year. Thus; the learning interval was designated as the time between pre and
post-testing, and the retention-interval, the time between post- and foilow-up testing. The results
indicated differences in both reading vs. math skills and in traditional vs. learninin-work environ-
ments,.An interference/assirnilation Model was proposed to interpret the findings.

a

This preliminary investigation is the first of a two-year effort. In the interest of parsimony .\and the wise use of resources, this report was prepared for dissemination to interested researchers . . .
and program'clesigners. .Forthe selected few who may be interested, the larger document (175p)r -
co`ntaining the technical informatioh and appendices, is 6tiailable for inspection at the National
Center. Finally, AppendixA of this report contains the Table of ..

"INN. documen.Contents, List of Figures, and List of Tables of the technical informatidiTand appendices,
.

) f
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PROBLEM

Since the early 1970s, there has _been an effort to expand students' educational opportunities '

to include a variety of "real-world" experiences in the workplace to complement the traditional
classroom learning environment (Crowetind Adams, 1979). An example of a learning-in-work
program is the Experience-Based Career Education (EBCE) program.

Briefly, the EBCE model is an academically-oriented, commupity-based program: students
spend one day per week at the learning center with a learning coordinator, who supervises and
directs the iearning activities of the students; four days per week are spent at a comrnunitylwork)
site under the guidance and supervision of a resource person, (worksite mentor). Students work at
three to twelve sites per schoel year, depending on their career interests and academic needs. The
program offers twenty-eight EBCE cclurses that are related to .traditional subject matter disciplines.
Students,choose EBCE courses as a function of their assessment of (1) career interests and aptitudes

P. (e.g., [BCE courses and occupations are related through the Dictionary of OccuPational Titles
worker trait groups)-and (2) academic needs and interests (e.g., EBCE courses and traditional
sobject matter concepts are related through an instructional matrix that sets the parameters for
designing the learning activities)d -

e

Under the EBCE model, academic development is accomplished through the use of an activity
sheet. The activity sheets are designed to guidestudents' learning through a series of learning
activities that relate subject matter concepts and career objectives to experiences at the work site.
After concluding work on the activity sheets, students are evaluated by the leayning coordinator and
then plan future learning experiences..

The [BC.E approach would seem to offer the benefits of frequent, meaningful, and speedy
feedback- on task performance for students. Research in academic learning and retention (Ausubel,
1968; Baker, 1974; La Porte and Voss, 1975) would predict Ocreased performance as a function of
the above variables. Ausubel (1968) reported increased learning and retention of meaningful 'its.
rote memorized material. Anderson and Biddle (1975) and Boker.(1974) found a strong relationship
between increased application (practice) of material and subsequent retention. Similarly,. La Porte
and Voss (1975) demons:rated superior retention performance as a function of usage of the
information and response-contingent performance feedback.

GiVen that past research using only a pre-test/post-test control group design has detectecrfew
statistical differences in students' achievenents (Crowe and Adams, 1979;.Crowe and Walker, 1977),
it was of interest in the present investigation to test the assumption that demonstrable changes in
student performance may occur after paeticipation in the progra91. Thus, a retention model design
was proposed using repeated measures whereby the learning interval was the time students participated

it
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in the learning enyironnlent (nine months) and the retention interval was tt;le summer recess (three
months).ln view of previous research on environmental contingencies as-determinants of lea(tilng
and retention (see Gagne, 1.978, for a review), it was predicted that students' exposure to different
types of learning environments would affect performance on standardized tests of academic ability
(i.e., CTBS). The study was exploratory in nature and examined performance in two learning
environments longitudinally in order todetect changes in the retention of academic performanc'e
which would result from Participation in one of the two environments duringthe learning interval.

METHOD

Subjects

Juniors from a suburban school district in Minnesota were selected to participate in the study.
This district was chosen by virtue of having both a traditional learning environment (classroom
instruction) and learning-in-work environment (EBCE prograni) in operation. Twenty-seven students
who volunteered for the EBCE program were successfully follOwed over the observation period:
Eleven students in the original EBCE sarnpl of thky-eight wcirg dropped due to missing data at
one or more of the subsequent testings. Control students in a traditional environment were selected
at random from a pool of students to match the EBCE students on'sex, school membership, and
CPA. Twenty-seven control studentS-were successfully followed over tile observation period, while
fifteen students were lost due to missing test data.

Measures

The CTBS Expanded Edition, Level 4, Form S was used at all testings. Of the total test battery,
Test 2 (Reading Comprehension) and Test 7 (Mathematics Concepts and Applications) were lelected
for administration due to constraints ort testing. The math test was scored to Orovide six scales, and
the reading test, five scales.

An additional scale to measure student perceptions of the complexity of the learning environ-
ment was developed (Learning Environmervt Questionnaire, LEG). This scale was composed of
thirteenitems measuring the degree to which students perceived the environment as providing
.feedback, offering a variety of tasks, and giving direction to complete tasks.

Students were interviewed by the researchers during May to gather further information on the
instructional processes in the learning environments.

Procedure

The CTBS tests were administered on three occasions: pre-test, September, 1978; post-test,
May, 1979; and follow-up test, September, 1979. The tests were group-administered to students in
a school setting and were computer scored by the experimenters. The LEO was given at the second
testing, and interv;ew data was gathered the week of the post-test.

2



Analytic Strategy
#

Since the purpose of the present preliminary investigation was .to identify areas for future
in-depth.examination of the data, a*nlIlysis of variance techniques were.used'to evaluate the results
of the reading and math CT11S scores. Given that the samPle size was relatively trnalf an attempt
was made in all analyses to use the smallest r eber of variables possible.to a(low higher statiStical
power to detect effec s which may have ty resent. Accordingly, vari.ables.which demonstrated
insignificant effects in higher-order desig re deleted -From subsequent analyses in an attempt
to decrease Type II errors of inference.

Three-Factor Analyses

Repeated-measurps analysis of variance (ANOVA) t.rits were performed on the results of the
Math scales (scale 1 . content dimension, concepts; scale content dimension, application;
scale 3 process dimension, recognition; scale 4 7 process dimension', translation; scale 5 process
dimension, interpretation; and scale 6 process dimension, analysis). These scales constituted the
dependent yariables for each analysis. Independent variables wore as follows: test observations
at 12 , and Ta functioned as the repeated measure.; program EBCE or treatment (T) group,
traditional learners or control (C); and math instruction option math class taken as a junior,
no-math class taken as a junior. The resultant design was defined as a 2 (programs) x 2 (mathno-
math) x 3 (tests) factorial.

Results of these analyses are summarized in Table 1, wpich re.veals significant main effects for
tests on math scale 3 and significant tests by program interactions for scales 2, 3, and 5. No effects
were seen for the mathno-r reth variable, which was therefore dropped from subsequent analyses
(p<.05 reported for all analyses).

Two-Factor Analyses

Analyses of CTBS shores (math and reading) were then performed using a 2 (programs) k 3 (tests)
design to allow increased power in detecting effects. The dependent variables for the reading compre-
hension analyses consisted of the following five scales: scale 1 content dimension, reading compre-
hension; scale 2 process dimension, recognition; scale 3 processdimenSion, translation; scale 4
process dimension, interpretation; and scale 5 process dimension, analysis. Results of the repeated
measures ANOVAs, analyses of simple effects, and LSD tests betweemmeans are reported in Table 2.
Main effects for program were absent in all analyses; main effects for tests were seen in reading,
scale 1 and 4;-interactions of programs by tests were seen in math scales 2, 3, and 5 and reading
scale 5. These results are plotted in Figures 1 and 2 with scores expressed in raw units, st_ndard
deviation scores (SD,band gracle.equivalents (GE) when available. Figure 1 presents the results of
the math concepts ahalysis while Figure 2 presents the results Of the reading conceots'analysis.

LEO

Compai !sons of tne responses to the LEO itemc; for treatmew and control students are reported
j and 4 and were analyied vi a t tests.
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FIGURE 1

Student-Performance on Math Scales 'for Three Testings
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VTEST ANALYSIS FOR SCALE 2 QF LEcti'a

LEARNING ENVIRONMENT QUESTIONNAIRE

Hypothesized Scale 2 , .

Environmental Control

No. of Standard
Group (a) Cases Mean Deviation t Value (b)

Degrees
Freedom

Two-Tail
Probability

2. I was able to tell by myself.
if I was doing a good job. C

.

1
....,----
i

3.73 .74 ,

2.36 , 77 .0207
I was able to tell by myself
if I was doiog a good job.

.

., T

.-.......1,--

38 4.18

,
.

.96

5. The results of what I did had
meaning, I felt the results were
important. C 41 3.66 .91

,

.

. 3.45

.

.

.

77i
.

,..0009

.

.
. The results of whit I did had

meaning. I felt the results were
importart.

.

.

-.i- V'

Q

38 \ . , 4.34' .88

.

8. The work that I did oVfered..rne
many different things ter-41.6.

.

C 41 3.56
A

.56

v.,,..

I .

.... 441
f -

'

..-

77 .0001
(1` \

The work that I did offisiied'Oie
many different things tolk).

'''''S----"-
T 38 4.45

.

.
1.00

11. The teachers provided me.,
opportunitieto do meanititifyl
work or solve problems.

.

C 41

. .

3.63

. .

.73

-

ic)
1.11

.

77

.

.0001

.
. 1

The resource person provided me.
opportunfties to do meaningful
work or solve problems.

,

38 4.32 .74

The learning coordinator provided,
me opportunities to do meaningful
work or solve problems. I 38 4.31 .77

(d)
4,01 77 .0001

13, The teachers encouraged me to
decide for myself how I was going
to do my work.

,

C 41
.

3.68

.
,

1.01

_
a
.23 77. .8196,

The resource person encouraged
me to decide for myself how I was
going to do my work. T 38 3.74 1.08

,

The learning coordinator
encouraged me to decide for
myself how I 'was going to do
my work.

.

T
.

38 3.84 1.10
(d)

.66 77

.

.5054

(a) C u Control students in traditional learning environment
T u Treatment students in learning.in-work environment

Ib) t Test calculated for students who had both pre- and post-test scores

(c) tlest comparing teachers of controls to resource persons of treatment students.

(d) tiest comparing teachers of controls to learning coordinators of trporent students.
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Summer Activities

Students'reported their summer activities on the third-questionnaire, which were then
classifi4d,as follows: Part-time paid employment 11 EBCE, 16 control; full-time paid employ-ment 9 EBCC, 5 control; "other" 5 EBCE, 3 controlvnd_eummet school plus part-time paidemployment 2 UWE, 3 control: Results of chi-seluare aiiiicriton.the 2 (treatmentcontrol) .x 4
(summer activity classes) frequency matrix (X2 e 4.2, df = 0.38) indicated no significant
associatiori between these factors.

DISCUSSION

L E a and Interviews

While the.researchers recbgnize.thht the LEO is,currently in a developmental stage, the results
of both the LEQ and the interviews ivith students we're seen to indicate that students in the
alternative (learning-in-work) environment, perceived: (1), es: greater chance to find things out on
their own.(autonomy); (2) more support from instructbrs for developing their own ideas; (3) more
feedback'on their performance (self-generated); (4) more variety in their:learning tasks; and (5)
more meaning in their activities., Overall these are similar characteristics to Mae identified by
research on learning and retention of material (Gagne, 1978) that lead to increased performance on
learning tasks. It was concluded from these data that the learning-in-work envirCipment does con-
tribute to conditions favorable for acadernic learning and4etention.

CIBS Scales: Reading Comprehension

The eftect of these two environMents on standardized scholastic achievement performance
wa evaluated by theANOVAs on the CTBS data. Resttlts of reading scores indicated that, in general,
both groups eiernonstrated.equal performance that increased linearly for reading scales 1-4 over the
learning interval (bre-test to. post-testi and over the retention interval (post-test to follow-up).
Significant mean increases were seen only-for reading scales 1 and 4, comparing pre-test to follow-up.
Groups did eot differ significantly (T vs. C) at any observation, on any reading scale, indicating a
similar level of performance on these measures. "

CTBS Scales: Mathematics goncepts and Application
.1

tv Inspect4on of the math scores reveals a different pattern for the groups. Three of the six math
scales (2, 3, an.d 5) revealed significant 'interactions of program (T vs. C) by Tests, indicating,
significantlY.nonparallel.learning/retention functions. Additionally, the two groups differed
significantly at the end ofehe school year but were nonsignificantly different at the start.of their
junior year and al the start of their senior year. Thus, groups were equivalent at the point where

ithey were split nto differeet learning environments, but the students in the traditional learning
environment increased in periormance up to the end of the year, while the learning-in-work students
showed a decrease in performance on the postest. This effect was manifest in-scales and 5 at
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FIGURE 3
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. . .,
.p <4.05, while seales 1, 2, and 4.showed tamds in this direction. The groups subsequently revqrsed

this direction of change over the summer: the stlidents in.the traditional learning environment
decreased from post- to follow-up test, while learning-in-work students inctvased over the suthmor.
The overall composite form of this relationship across mata tests is depicted in Figure 3.

Interpretation

These findings were not predicted .from previous research, which would suggest art increase
for both groups during the instructional period, and a "fOrbetting" gradient over the suivmer
(Ebbinghaus, 1885). Alternative pqst hoc explanations for these resulte were considered ty the._
authors, which centered on uncontrolled effects of student selection for the learning-in-work
progr din. While it was deemed possible that, due to nortrandom assignment of students to the
EBCE program, subjects may have systematically differed on a variable that could interact with
the repeated testings, this explanation was not favored in view of the lack of.dpferences between
eroups at the start of the study. Additionally, a mechanism would be necessary to account for the
unequal-effect of suet) a confounded selection, such that it Wouldchave no effect at test 1, would

3 dr.oduce a significant decrement at test 2, and would then increase perforande for the EBCE
students at the same time that controls (in the same environment) were decreasing over the summer.
This neceSsarily unparsirnonious approach was rejected in interpreting the results of the math-
performance.

A model was proposed to account for the unequal learning and retention of CTBS math skills,
which emphasized two' constructs: interference due.to previous learning (retroactive interference)
and assiMilation of information. This model is displayed in Figure 4. On the basiS of both interview
and LEQ data, the researchersbypothesized that students in the l6t.trning-in-work environment
were learning different things than the controls in a traditional setting. Specifically, it was-postulated
that EBCE students were lear:Aing newirules" for learning how to4earn or function in a work
environment. These rules for learning how to learn were seen to be different than those typically
measured by academic tests of achievement (e.g., CTBS). The paradigm is as follows: (1) students
in both groups have similar learning histories up to the first testing, which emphasized iladitional,
nonapolied, use of math.constructs; ,(2) students placed in the learning-in-work environrNt then
wdrie forced to use or generate constructs in an applied setting, and to generalize from abstract math
concepts to applied math usage on the jobs; (3) traditionally learned math skills were not being
practiced on the job, and new ways to use math were being learned which did not necessarily
overlap with previous learning; (4) these new rules for learning were not assimilated into the previous
math framework or structure learned in class, and const;tuted a retroactive inhibitor to the retrieval
of the CTBS measured math skills which emerged as a function of dissimilarities for the two ways
of learning math (measures at T2 ); and (5) follow-up performance on CTBS was seen to depend on
the extent to wTh new ways to use math were assimilated into the previous framework or
structure of math knowledge. That is, CTBS performance should increase aS a function ofethe
degree to which students could relate the new rules for using math to the way 4iath is measured
by the CTBS.

12
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Conversely, it was o'redicted that the use of a perifOrmhnce-based math test (content-valid fot
applied settings) would reveal that learning-iwork students were not "losing information" but
were learning new rules tor learninghow to learn which were notmanifest on the CTIIS until they
could be assimilated into,the previously developed ,traditional structure for remembering math
concepts. Aticoroingly, future research.should measure the effects of different)earning environments
by employing:classroom-based tests plus tests Which are content-valid formeasdring math skills as
they exist in the work environment. This type of design would allow a powerful test of the model's
Predict:ions regarding oerformande on sublect matter concepts,in different learning environments,
and could further illustrate the merit of hands-on learning as.is offered by learning-in-work
environments.

47,
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