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THE OPERATION OF THE IBM 82 SORTER WAS TAUGHT TO THREE

- GROUPS OF STUDENTS IN THREE DIFFERENT 2-HOUR SESSIONS. THE
GROUPS WERE STATISTICALLY EQUATED ON THE BASIS OF THE
STUDENT'S SCORES ON THE SCAT AND IBM MACHINE OFERATORS TESTS.
A "STANDARD CLASSROOM" METHOD (INVOLVING A LECTURE AND SUCH
AIDS AS A CHALKBOARD AND HAND-OUTS) WAS FOLLOWED IN
INSTRUCTING THE FIRST ("A") GROUP. AN "OVERHEAD FROJECTOR"
METHOD WAS FOLLOWED IN INSTRUCTING THE SECOND (*B") GROUFP. A
“HANDS-ON" METHOD (IN WHICH THE STUDENTS ACTUALLY OPERATED
THE SORTER) WAS FOLLOWED IN INSTRUCTING THE THIRD ("C")
GROUP. LEARNING WAS MEASURED BY COMPARING THE STUDENTS®
PERFORMANCE ON PRE- AND POST-TESTS OF 20 MULTIPLE-CHOICE
QUESTIONS. GROUPS A AND C PERFORMED ABOUT EQUALLY WELL, GROUF
B SIGNIFICANTLY LESS WELL. INVESTING IN SORTERS AND OVERHEAD
PROJECTORS TO TEACH THE SUBJECT THEREFORE SEEMS UNNECESSARY.
(A STATISTICAL ANALYSIS OF THE CHARACTERISTICS OF THE SAMFLE
GROUFS AND A DISCUSSION OF SOME OF THE DETAILS AND
LIMITATIONS OF THE STUDY ARE INCLUDED.) (AD)
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DIRODUCTION

When new curriculs are proposad in junior colleges, idninistmuva
dscisions sre required for the apprupriote staffing. scheduling sand equip-
ping of the endeaveurs. In the cuae of data processing ths procurement cf
aquipmeat becomes & matior of mnjer concorn. Frecuently administretors are
obliged Lo make lectulon: regarding squipment withmt sufficient evidence

of its ‘instrnctiomel valua. Vhan urable to finance data processing machines

adminigtrators nust conzider the uae of somventionsl classraom techniques,

the nuse of apecial alds, and the porsidbility of providing no instrectiom at

all,
Information regardirg the inutructionsl valuc of data processing equip-

1 Informa~-

mont and aszocliated teaching methnd: !s ectically non-exisbert.
tion provided by vendors. manvfactuzrers and erperienced persons of cther
institutions frequently i1s corsidered icadequats for proper decision-making.
More precise and reliable infurseiion 1s neceasavy. One avenue for improving

the quality of d:cisions is that tf eppropriate Instructionsl rasesarch.
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This paper descy bss one effort o thet type.
FUR}(GE

Specifically the purposds of thic wrvesilgation arex

1. To deveiop a method of riaswinz the differences 1n learning resulting
from thee weth-ds of cenching the functions ard operstiona) Features

of the I1BM Sortsr.




2,

3o

Assuming the existence of a reiiable method of measurement, to

measure and compare the learniag resulting from three methods of
teaching the functions and cinrational features of the IBM B2 Sonter.
Based upon the preceding, to develop obJective evidence supporting
the procurement of a specific set of m.be:ials ard squipment for the
teaching of the IBM 82 Sorter.

STUDY DESIGN

Teazhing Points - This investipation was limited to the tesching of five

pointe pertinent to the uaderstanding ol sorting operations as part of the

data precessing cycle arxl the type of machine most commonly used to se-

complish these operations. The specific teaching noints werss
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The need for sorting date in the preparation of business reports
The reverse - order sorting techulque

The operating principles of the IBM 82 Sorter

How the IBM 82 Sorter is used for numericul sorting

How the IBM 82 Sorter is used for alphabe:ical sorting

Jarminal Behavior - Upon completion of two hours of instruction students

were asked to demonstrate thalr knowladge of the above points by completing

a miltiple choice test of twenty questions.

Toaching Methods - Three ten:hing methods were devised and labelled

(1) standard classroom (2) overhesd projector and [3) hands-on.

1,

= 2,

The standard classroom methnod was primari’y a lecturs technique

atilizing a standard clas=room with standcrd equipment such as

chalkboerd, lecture notes, paper hand-ouats, ete.

The overhead projector method utilized trensparern: foils prapared

from masters provided by IBM and the instructw.,




3. Tte hand:-on method utiiized tha IBM Sorter as the teachiop tool.
Students were given opportunitier to operate the machire as a psrt
of their instruction. All instruction was presented in sight of
the 16M 82 Sorter and other punched card machines,

Subjects ~ Students aking the introductory ccurse in dats procesulug

a% PRakersfield College during the full sgmester of 1966 were used as subjects.
Students were divided inte three sectiors. The total pumber of students
irvolved was 103 fvom whloh 87 cases wolre selescted, Seluetion was made on

the basis of 2nmpleteness of data; perfect attendarce during the period of

{nvestigation and amcuat of previol s s;perience with IBM punched card machimes.

Equating Groipe - Groupe A, P ard C were eguated statistically on the
following counts:
1, Total SCAT Score earned upon zdmission to Rakersfiald Colleps
2. IBM Machine Operators Aptitude I'ast - & standardized tezi pre-
pared and distribated by I2M for the purpose ol seliecting custimer
employees for customer 4rsining in punched card machine operation.
The test measures numericel ability and aymbolic reasoning ability.
The test was administerced ir clacs during the first week of the
semester .2
The followin- data, rnalysed cn the nasia of Frgquensy distrinution and
central tendencie:, wers Judged 40 be of insufficient imporiance to warrant
a more r’gorous % :&ticticel anslrels (ses appeadix):
1. Sex - Mates 10, Femalea L(
?. Scholastic achievament 4ir the course for first six weeks pricr to

this investipgation.

Nels.n-Denny Reasding Test (converted total)

ITFD No. 3 {convertzd ascore)
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Vre-test and Fost-test - Both tests contained twenty multiple choice
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questions, L for each of the five teaching points. Questions were selected
from IRM's standard final examination for the 82 Sorter and from those
developed by the instructér during previous courses.

Standardising the Level of Insiruction - In an attampt:gg assure equal

treatment of the three teaching methods the following precautions were taken:

1. Ons instractor, the author of the prasent reporty; taught all
lessons.

2. The instru~tor prepared and tested his presentstions one semester
in advance of the investigution.

3. In the dsys prior to the actusl imvestigation the instructor re-
hearsed his presentations seversl times under simvlated conditions.

L. An expert, impartial observer nttended all class meatingso3 His
ingtructions were to:

1. Observe the instructor in order to detect and record any
| avidencs of bias, fevoritism, aptrness or insptness which
would tend to make one method more or less effective th.n
another.,

2. Observe the studeit response for overt signs of learning
{or the lack of i:) which may assis% in the. sveluation of
the method used.

3. Analyse each prescntation and record any evidence of de-
parture from the «¢%udy design.

. Make any other observations felt to be periinent.

5. SulsioQS‘aaru recordsd on magnetic tape for future reference.

Procedure - Three sectinns were labelled Groups A, B, and C. Orour A

recelved instructions by Msthod 1, Greup B by Method 2 and Ciwip C by Method 3,
Each group receive:! two hours of instruction. The teaching points were presented
in the same sequence, each receiving the same amount of time for development.

In each method, th: teaching points were stated as learning objectivea, discusasd

individuslly, reviawed iné}vidually ard summarized at the =7 off tin session.




The seccud lesson ontained a revivww of the first. Studesis in all grouns

were asked to liston; take nclueg, respond to oral questions and perform

manual learning tazks, The manusl tesks performad in the nalassroom by

iroups A and B wer2 deslgnad to shmlete the way purnched cards fiowthpouzh
the machine for mumericsal and &_]..phab%ticai'.l sorting. Group C, which met in

the Data Processirg Center, ¢id not mariiwlate :med: but sctually operated the

Jorter to perform the nuemerical and alphrbeti sorting functions.
LEGUAG

Tested Achievement

The operating hypethesis upon which the design was based waz that one
or another of the teaching approach:s mizht prove more effective. The null
hypothesis, therefore, becsme: ‘The-e are no significant differences in
achisvement as reyresented by test icoure changes amune the groups of studsnts
involved in three instruritional aperoichas., This mll hypothesis was rejocted

on the grounds of the F score valusa presented in Tables I and II. .

TABiL I

R -.--sum of Squares = lla4 Change Scoras S ——

. w——
- i it o s reaney ot s o

Group A Group B Group C Total
X La= 305 £ fne 215 | = Xc= 317 A ¥t 865
£ Xa2=3651 = Xb2w236). = Xo?e3689 X 76269721
fa= 10.39 b= 8,38 Xe= 10,93 Xte 10,06

Na= 28 Tos 29 Nes 29 Nt= @86

—rmen oo Son ey - s een .




Sum of Square: TLegrees of lMean Square F
- Freedom (Variance) _
Between (iroups 123054 2 61.67 50
within Croups 837,37 &3 10.81
cotal 1020,71 &85

TARL: T

ANALYSTS OF VARANCE « FAW CHANGE SCORLS

. —

As an analysis of Table I shews, Group A (standard classrcom) and Group
0 (handes-or) increased their meca gcores by 10,80 and 10,93 points respectively.
Group B {overhead projector) increased its mean score by 8,38 points The
F score value of 3.70 was significant at the ,001 level of confidence (Table II).
Additional F test betwee;l Croups A and 1: and Groups B and C confirmed the

significance of the lesser score schieved by Croup B,

Equating the Groups
Anglysis of varlance indicaded no signiflcant differences between nor

with:l.n the groupe with regard Lo fUAT Total Scores and numerical and syuzbolic
logic ability as measured by the IBM Punch Card Machine Operdtorfs Test,
Inepection of mean score zave no evidence to indicete differences with
regard to ITTD No. 3, age, sex, und prsvious experience.

Tha expert ovsorver found no indication of instructor bias which would
rander the results invalid. Hgwever, the learning environment in the Dat:
Procesging Center was found to be leuns than ideal. Fxcesslve noise, other

activities and improper seating rendered that port.on of the Investigation

invalid,




CONCLUG IONS

The first objective of this investigation was to develop a method of
msgsuring the differences in learning resulting from thres methods of teaching
the functions and operational features of the IBM 82 Sorter. This objective
was -aatAsfing Tor e of e sowoe metnads dmveived, (Seq pisnusaion)

The second objective was to measure and compare the learning resulting
from three methods of teaching the functions and operational features of the
IBM B2 Sorter. This objective was satisf’ied and may be summarized as follows:

1. Lecture and hands-on meigzgjéproduced spprovimately the same smount

STV S LW, 2 o dilin g Ao bod
of learning, wudr. fle o iitirnn Jhecthed,

2. The use of transpsrencies and the overhead projector produced sig-

nificantly less learning than either the lecture or the hands-on

mesthods,

The third objective was to develop objective evidencesno .aaing’*
procurement of a specific set of materials and equipment for the teaching of
the IBM 82 Sorter. This objective was partially met and can be sunmarized as
followst

1., When used under the conditions which existed during thls investigation

there is no svidence to support the procurement of the IRM 82 Sorter
as a tool for teaching the specified subject matter. (See Discussion)

2. There is sufficient svidence thut cverhead projectors and spscial foil

transparencias should not be vrocured specifically for teaching the
points included in this investigation.

3. There is sufficient evidence that ths five points included in this

investigation can be taught eff clently using standard classroom teaching

methods .
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DISCUSS ICN

The above conclusions tend to contrudict two reliefs often held by
educators regarding teaching aids., First, it has been held that prepared
transvarencies projected overhead are superior to the chalk board aad paper
and pencil as teaching alds. Second, it is often thought that hands-or
experience is superior to both. The following discussion may help clarify
these pointse

Hands-on is generally -uwgarded as a highly efficient method of
teaching machine operation. It must be emphasised that this study
did not require the subjects tc operate the Sorter as a test of
achievement. Rather, they were asked to demonstrate their under-
standing of how the machine is used to accomplish the arranging
of punched cards, much in the same manner as students of aerody=
namics are asked to describe hcw an aircraft is flown but are not
required to actually fly the machioe. Further, it must be emphasised
that, in the Judgment of the axpert observer, the two sessions in
the Data Proceasing Center were "short of ideal." Heference was made
to the lack of a proper learning enviromment due to noise, other
activities going on in the same room and inadequate seating space
for ths students. This opinion was shared Ly the instructor.
Nevertheless, the expert observer noted that learaing increased
sharply when the students began operating the sorter. This was
cbserved by the instructor as well., Unfortunately, it cannot be
discerned to what extent the students were learning the operationsl
features as orposed to lsarning how to run the machine. Hence,
genaral conclusions reparding this aspect of (he study must be avolded,
sxcept t0 say that laboratory iraining, as conducted in this study,
is not superior to standard classroom inatruction,

The failure of Croup B to score as high as the other group was
surprising. Some educators feel that subject matter is betier come
mnicated by means of carefully prepared transparenciss than by the
conventionrl chalk board, Interviews with the students, a review
of the tape recording and an anslysis of transparencies hinted that
the classroom lighting d'mmed to wake the projections more visable,
and the clsss hour, 1130 - 2:30, may have affected the attentive
qualities of the students. One atudent remarked that watching the
proje- tions on the screen wrs %50 much like watching television.
Pryoumably this meant that he was sore entertained than trainea.
Further investigstion in this area is recommended.

The expert. observer, comesnting on Group A (standard classroom),
noted that stucent interest and respounse was noticeably higher curing
their second meating, He attribubed this to the use of a set of
£111-in lecture notes which were distriimted at the beginning of the




second meeting. The lecture notes sontained numsrous {llustretions
which were the same as thoss uned to make transparencles. The hande
out itself wes a portion of thu Student's Notebook prepared by IBM
as part of s progremmed 1mt50ct.wn course sntitled "Punched Card

Data Procersing Principles."d The success of the students using this

technique sug-ests an area for fu'ure study.
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APPEND1Z
N - C%EQIJ.E.. | _cRUPB____ ! _ cRowPC ____ lTOmAL __ |
Mean | Variatioa | Mean Variation, Mean Variation) M
oo} From M From M_ | From M |
‘SCAT SCORES
Verbal 28807 “Ooh 289¢5 + 1@2 286@7 "'1&6 28803
Quantitative 303.2 ‘9006 361[ od | o+ 303 298&3 "2@5 3m08
Total 293,9 2.1 295.0 «1.0 299,0 +3.0 296.0
NELSON-DEN'Y
Vﬂcﬂbuhry 2901!- "'Oc9 3202 + 1a9 29«3 «1s0 3003
Comprehension 39.0 0,4 29,9 | +1.3 37.0 ~l.6 38.6
Tﬁul 6609 “1-16 7203 + 398 6603 "293 68 S
Rate 3%6.8 19.1 282.9 -l o8 273.3 wlliol 287.7
ITED No. 3 1605 0,9 1»:1 +0,7 ;’.706 4+0.2 1702&
M |
Numesical 17.6 0.6 18.9 | +0.7 18,2 0,0 | 18,2
SMOI’.C 8.8 «0,3 9.8 + 06T B.8 ~0:3 .1
Tﬂtﬂl 26 96 .3 0@8 2807 ‘VlnB 2?00 "'Qall 27 oh
DP 50 TESTS | ‘
Teasts 1"5 . 8107 "'20; 8202 w20 88@6 <+ ’.10’4 8!,&»:2
Pre-Test hch “093 Soo 009 hal ;‘; 9 hol
Post-Tent 1503 +1.2 13q7 "Oo!l 1900 + 009 lh ol
Change $10,9 | 0,9 | 48,7 | <13 F10.9 | +0.9 | 10.0
o« uafﬂiﬂg 69&8 + 703 5890 "hog 6801 + 506 6‘205




NOTES3

Hardware memfacturers, notubly Intermational Susinsss Muchines, Minnesota
Mining and Manufacturing Co., Nationil Cash Register; Minneapolias-
Honneywell and Control Data, bave coxducted educational atudies regerdirg
the effectivenass of prograrmed instmotice, classromm instructien

and fisld training. It smst be notsl, however, that such studiss have
been commercislly orisnted, aimed st training customer employees vho

are usually selected for their interist and aptitude. In addition, the
marufacturers, intent upon selling additiomal equipment, tend to use
specially selected sgquipment and spe2:lally tralned {natructors -~ conditions
not always fourd in junior colleges.

Of the qualifying devices used, the IEM Machine Operators Aptitude Test
has proven to be the most reliable predictor of achievement in the
data processing courses offered at. Bakersfield College.

The suthor was extremely fortuaate i3 securing the services of
Thomas B, Me:son; Director of desearzh, California Junior College
Association. Dr. Meraonts cbssrvations and comments were written in
great detail; very complete acd highly perceptive.

"Punched Card Data Processing Principles," Programmed Instruction Course,
) 7 g = £l | ‘
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