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Abstract

An evaluation model was developed to aid the classroom instructor

in more effectively teaching his course by provit.n ii with the basic

data upon which to make judgements about student abilities, course

ettivudes, grade distributions, test appropriateness, etc. The MERMAC

system was designed so that each instructor could obtain the data in a

usable format and also be able to provide relatively immediate feedback to

the studeL4ts taking an examination or filling out a course evaluaticn

questionnaire. A description of the software sys:em and its interface

to the evaluation model is presented.



MLRMAC: A Model and System for Test

and Questionnaire Analysis1

Lawrence M. Aleamoni

We know that what is taught in the classroom may vary from e.mellent

to poor, applicable to useless, and underst I to misunderstood, and

that instruction exists if yo,u have an instructor, a textbook, a TV pre-

sentation, or a film presentation. What is LEARNED, however, is not

necessarily that which is taught. Therefore, in order to determine the

extent, type, and degree of learning in a classroom, some method of

evaluation is necessary.

Let us begin with the premise that if instruction is to be effective,

then there must be some interaction between what the instructor presents

and what the students comprhend. Therefore, in order to aid the in-

structor in improving his instruction, e course evaluator must concentrate

on one major aspect of the instructor-student interaction, which is the

knowledge of student learning. This knowledge should be supplied to

(a) the student so that he may be constantly aware of his prngress in

comparison to others in his class and in comparison to course standards

and (b) the instructor so that he may alter his inw,:ructional rate,

content, or method in order to suit the observed learning.

What the student generally studies and lenrns tends to be the material

that is tested, not necessarily the material that is presented. Thsts

used in a course represent, in a very practical manners the direction an

instructor thinks the students should go which, in turn, determines the

1
The manual and system can be obtained by writing the University Press,
Unlwersity of Illinois, Urbana, Illinois 61801.
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emphasis that the students will place on the material treated by the

test. Good tests can, therefore, orient student learning, while the develop-

ment of the tests and the knowledge of student responsee, can help to

improve instruction.

Description

The bases, therefore, for developing a model and system for teet

analysis should be to:

1. assist the instructor in developing valid and reliable tests; and

2. provide rapid and meaningful feedback to the instructor and stu-

dents.

HERMAC was developed with the above bases in mind. It is made up of

two sets of programs (see Figuee 1): (a) utility (data manipulation)

programs, and (h) test and qeestfee jysis rIvgrams_ Thc veu

utility programs allow the eser to copy, edit, match, merge, sequence,

sort, and recode the dnput C]ata. Generally, the purpose of these programs

is to prepare the datza for input to the test and questionnaire analysis

proIrams. The six teet and questionnaire programs allow the user to:

1. Score item data and produce up to forty subscores for each

indivAdual. Each item aud response may be weighted to arrive at

the scores. Any item ma,3 be included in more than one subscore

and be tfeightmd differently in each. An example of tla SCORE

program output is presented in Figure 2.



COPY
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MERMAC SYSTEM

DATA INPUT

DATA MANIPULATION

EDIT MATCH

1

ERet SEWENCE SORT RUBE

TEST AND PUESTIONN4IRE ANALYSIS

SCOPE 1TOTAL ERROR ITP1 SELECT PLIEST

Fig. 1. The MERNAC system.
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outfkri

D NAME SCORE 1 SCORE 2 TOTAL

262888459ePAMAN 4 8 22
11111i111ELmciutsr 9 7 38
326421537cwoLor 13 10 48
444321111HLIKorr 11 lo 40
383420511KopcHEL 8 11 42
3493747741-Er. 9 14 53
361448120mcKAr 10 8 37
330323181NoRREGAARD 6 6 28
777888888owEN d 12 46
3574171145owENs

7
9 33

331448266pEARsoN 6 11 ...i

322407590p1. SKO 5 32
111110000pLuTcHAK 6 5 28
343441821RooELL Ac 14 50
340448994RoTHeAum 13 11 51
999999010scALCTTA 8 13 43
328409879soem 8 10 44
346463788sTuoKMAN 6 11 37
3474001115sUTHERLAND 6 11 .--,
q754490113wIcK 6 9 cl7

550761471TYPicHEK 9 10 30
341360551vALENzrA 6 9 -30

327480185WAR0 10 . 14- Ito

Figure 2. camp .g.= 0aPS.

2. Take scores for a group of indOiduals anA produce a frsquency

distribution and histogram, mean, median, standard deviation,

Kudcr-Richardson reliability,Altandard error of measurement,

and Spearman-Brown prophesy for a rOJability af .90. In addition,

individual raw scores, standard scores, and percentiles may be

listed. Individual raw scores and stakIdard scores can be weighted,

summed, and the sum assigned a letter grade. All this data can

be easily provided to the ntudent. An example of the TOTAL

progranANitput:_isrmwented in Figura 3.



SUMMARY OF TEST STATISTICS

NUMBER OF !TEAS 15

MEAN SCORE 3.65

Raw
Scone

STANDARD
SCORE

TEST FREQUENCY DISTRIBUTION

PER Cum

CENTILE PERCENT FREQ FREQ EACH # REPREsEATs 9 PERSON,

14 931 99 0.6% 1 173 #-

MEDIAN SCORE 3.23 13 889 99 1.2% 2 172 #
12 848 98 0.0% 0 170

STANOARD DEVIATION 2.40 11 806 98 1.7% 3 170 ##
10 764 97 O.W 1 167 #

RELIABILITY (KR-21) 0.558 9 723 96 s'1,.6% 1 166 #
8 681 95 0.6% 1 166 #

S.E. OF MEASUREMENT 1,60 7 639 95 4.0% 7 164 ####

6 593 91 5.2% 9 157 #####

POSSIBLE LOW SCORE 0 5 556 86 10.4% 18 148 AWN/if
POSSIBLE HIGH SCORE 15 4 514 75 19.1% 33 130 AAWWWWW

Low 0

3

2

473
431

56 22.5% 19 97

OBTAINED SCOFF: 34 20.8% 36 58 ih-
OBTAINED H,GH SCORE 14 1 389 13 10.4% 18 22 AWWWF

0 348 2 2.3% 4 4 ##
NUmBE:11 OF SCORES 173

BLANK SCORES 0
INVALID SCORES 0

VALID SCoREs 173

"SPEARMAN-BROWN PROPHESY FOR-

MULA: IN oRbER FoR THIS TEST
TO OBTAIN A RELIABILITY OF .90

IT MUST BE 6.14 LONGER. (92

ADDITIONAL ITEMS)."

I

TOTAL TEST PROGRAM USING SUMMING AND GRADING

SEcTiom 063

PaRT-ONz PART-TwO PART.THREC PART-FoUR ToTAL SUMMED STD SCORE

361443742ANDERBERo
GRADE IS E

Raw STAND PCT RAW STAND POT RAW STAND Poi RAW STAND PCT RAW STAND PCT RAW STAND PCT

3 371 4 1475 EA 2 365 18 3 405 39 12 322 7 39 328 7

Figuva 3. Sample output from TOTAL
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3. Return to each student a page containing his teat-score and a

list of the items he missed with his responses and the correct

responses. An example of the ERROR program output is presented

in Figure 4.

STUDENT CRROP REPORT

NAME TEST SCORE
ANDERSON 11

*4"0 HERE .s A SUMNARY OP THE 4 ITEM(S) YOU MISSED.",

Ilsm YOUR CORRECT ITEM YOuR CORRECT ITEM YOUR CORRECT 1rEM YOUR CORRECT
NO. RESPONSE RESPONSE No. RESPONSE RESPONSE NO. RESPoNSE RESPONSE NO. RESPONSE RESPONSE

6. C D 7. D C 12. A C 15. D

Figure 4. Sample outputs frora_ERROR

4. Analyze his item data by providing a plot of the_percentage of

individuals responding to the keyed response by fifths of the total

score distribution. For each item alternative the proportion

of individuals responding, a point biserial correlation, and

the number responding to each alternative by fifths_is provided.

An example of the ITEM program output is presented in Figure 5.

ITEM ANALYSIS OUTPUT

ITEM 4 PERCENT OF CORRECT RESPONSE BY FIFTHS MATRIX Of RESPONSES BY FIFTHS D IS CORCT RESPONSE
A B C 0 C. OM T

1sT + 1sT 1 2 0 39 1

2No .1- * 2ND 3 1 2 22 5 0
3Ro + 3Ro 5 1 1 26 6
4TH + 0 4TH 11 0 2 17 6
511-1 4. * 5TH 4 1 5 § 6

+ -.-4---..4.---..1----.1.-. ,..,....i... I----.-+ --1,-.. + .4-

0 10 20 30 40 50 60 70 80 90 100 PROP 0.14 0.C3 0.06 0.64 0.14 0.00
RPBI -0.21 0.01 -0.18 4).37 -0.19 0.00

Figure S. Sample output from /Mt
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5. Analyze his item data by using some external criterion rather

than the keyed test score. Th .e. output format of SELECT is

identical to that of ITEM.

6. Summarize item dat41 from questionnaires oz tests with no known

correct answe..:s by providing a frequency distribution of responses,

a weighted mean, and a standard deVittioL for each item. In

addition, subscorea may be generated with means, standard

deviation, split-half reliabilities, and percentage of l_ndividuals

respondingtothecontributingitems.Itigelso possible to
1

assign &Ales to the item and stbscore means based on a table

look-up. An example of the QUEST program output is presented

ir 'igure 6.

WEST ANALYSIS tItITPUT

1Y
SEX DISTRIBUTION
FEMALE MALE OMIT

0.13 0.153 0.211

EXPECTED GRADE

A 8 C 0 E ma
0.19 0.25 0.25 0.06 0.00 0.25

ITEM $A A 0 SD OMIT BEST WM S.D. DECL 0123456789
1. 0.25 0.44 0.06 0.13 0.13 s A 2.93 0.95
2. 0.13 0.00 0.38 0.35 0.13 so 3.14 0.68 7
3. 0.06 0.50 0,19 0.13 0.13 SA 2.57 1.01 5
11. 0.06 0.44 0.25 0,13 0.13 $A 2.50 0.80 3
5. 0.56 0.25 0.06 0.00 0.13 sA 3.57 0.70 8
6. 0.38 0.31 0.13 0.06 0.13 sA 3.14 0.85 6
7. 044 0.25 0.06 0.00 0.25 sA 3.50 0.81 9
a. 0.06 0.h4 0.25 0.06 0.19 sA 2.38 0.80 6
9. 0.19 0.44 0.18 0.06 0.19 sA 2.92 0.70 6

W. 0.00 0.19 0.63 0.06 0.13 so 2.86 0.89 6

--suascoRe-- ITES RESP MEAN S.D. REL N-01

TOTAL 10 0.85 2.95 0.88 0.92 6
PART-ONE 5 0.88 2.911 0.91 0.98 5
PART-TWO 5 0.82 2.95 0.85 0,90 6

SAMPLE SIZE = 16

Figure 6. Sample output fro-, QUEST

9
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The MERMAC system is written in Basic Assembly Language (BAL) for

IBM System/3GO models 40 and above which have Operating System (05) with

queued Sequential Access Mathod (QSAM) support.

Application

Let us assume that the first basis of assisting the instructor in

developing valid and reliable tests is also the basis for developing an

evaluation model. The first step in tae model, therefore, must be to

provide assistance to the instructor in the determination of instructional

objectives end the appropriate methods of measuring those objectives.

This should also involve helping the instructor to write and select his

test items. Figure 7 presents the interface of the model and the system.

The Zirst step in the process which involves MERMAC would be to take

the newly constructed or previously used items and administer them to

the class and then subject them to an item analysis using either the keyed

score or an external criterion score. Through the use of the item

analysis statistics and the content knowledge of the instructor, a reliable

and valid set of questions can be generated.

Once the final set of questions has been obtained, then the in-

structor is ready to have them administered, score4, and analyzed to

determine what number of subscores exist or should be constructed. The

instructor could now expect to receive score distributions on the total

test or subscores for students in his course. These scom distributions

would allow him to determine how well the students were accomplishing his

course objectives and what grades should be assigned. At the same time,
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EvALWTION mnDEL

DEVELOPING AND DETER-

MINING INSTRUCTIONAL

OBJECTIVES

!IODIFICATION OF DEVELOPING INSTRU-

COURSE AND OBJEC- MENTS TO MEASURE

TIVES OBJECTIVES

EMPLOY THE INSTRU-

MENTS TO MEASURE

STUDENT ACHIEVEMENT

DETERMINA-

TION OF

COURSE OB-

JECTIVE

ACCOMPLISH-

MENT

PROVIDE FEEDBACK TO

THE INSTRUCTOR AND

STUDENTS

SUMMARIZE DATA DUPING

THE TERM FOR FINAL

(=RADE DETERMINATION

STUDENT COURSE EVALUATION

DATA OBTAINED AND FED

BACK TO THE INSTRUCTOR

MERMAC APPLICATION

ITEm

SCORE

SELECT

PROP

TOTAL

TOTAL

nUFST

Fig. 7. Interface of the evaluation model and MERNAC.
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the t-mdents can be made aware of their performance on specific questions

and in comparison to their classmates through the Student Error Reports.

The instructor should discuss with the students those items most

frequently missed and then provide them with a mimeographed sheet out-

lining the topical areas covered by the test questions showing how they

fit into his scheme or course objectives. By allowing the students only to

take the mimeographed shert alci wItm their Student Erro: Reports, the

instructor is abLe to help the scudez_rs identify their weaxest areas and

concentratl: on improving them rather than memorizing the cerrect answer to

each specific question posed. In a-Ation, this allows the instructor to

begin building a secure, reliable, and valid item bank for use later in

that course or in other courses.

Once an instructor has developed the objective tests, term papers,

laboratory exercises, etc., to be used in his course, he can now use the

summing and grading option of the TOTAL program to accumulate and weight

the scores and grades he assigns. This not only relieves the instructor

of the time-consuming clerical operations involved but also gives him a

more objective method of combirO.ng the scores aLd grades assigned. In addi-

tion, each student can be provided with his complete reccrd of performance

during the course along with his final grade.

In order to satisfy the second bests of returning results to the instruc-

tor and students in the fastest possible time, particular types of hardware

and support staff are needed. The hardware should consist of a keypunch, an

optical scanner, and either an IBM 360 system model 40 or above or IBM 370

system model 135 or above. The support staff could consist of only in-

dividuals capable of operating the keypunch and optical scanner, assuming

that each institution has a staff available to maintain the computer operation.

12



The only part of the proposed model that has not been dealt with is

the Questionnaire Analysis. The QUEST program provides a means of col-

lecting student attitudes and opinions toward a course and instructor,

analyzing them, comparing the results to normari\e ita, and then returning

the results to the instructor. An example of tr_i..s wld INF: the Illinois

Course Evaluation Questionnaire (CEQ) (Spencer 6, ,AIFI=Ioni, 1.970) which

yields'responses to 50 items and six subscores (g,:eno-7a1 coL:::se attitude,

method of instruction, course content) interest-attion, Lnstructor, and

specific items). The subscore can then be comparcA nor=.,-.: developed for

different courses, course levels, departments, c, rank of instructor,

etc. The instructor can also obtain results on any items that he may wish

to generate.

Questionnaire data, in particular course evaluation data, can also

help the instructor in diagnosing his course for possible changes in the

(a) method of instruction, (b) course contemt, (c) personal delivery,

(d) types of tests, (e) instructional materials, etc.

Summary

The MERMAC system, therefore, can provide a course evaluator and

the instructor with various types of data that would be helpful in im-

proving his course. The other essential elements needed to ensure that the

data is effectively utilized in improving any course is a qualified, moti-

vated course evaluator and an intereste'll,willing instructor.
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