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data deck is described in detail; and a listing of the punched card
decks of the main program and decoding subroutine and of the
equivalent column-binary compiled decks with a typical data deck are
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performance is provided. An 81-item term test for Geology 116 at the
University of Toronto is included. (For related documents, see TM 002
778, 790-793.) (Author/DB)




FILMED FROM BEST AVAILABLE COPY

DEPARTMENT OF GEOLOGY

US DEPARTMENT ur HEALTH

- v

ED 077979

UNIVERSITY OF TORONTO EDUCATION & WELFARE
OFFICE OF EDUCATION
TORONTOQ ONTARIO THIS DOCUMENT HASEBEEN REPRO
‘:ANA DUCED EXACTLY AS RECEIVED FAOM
m THE PERSON OR ORGANIZATION ORIG

INATING 1T POINTS OF VIEW OR OPIN
IONS STATED DO NOT NECESSARILY
AEPRESENT OFFICIAL OFFICE OF EDU
CATION POSITION OR POLICY

Information on computer programs of the PEDAGE system,
for use in scoring and analyzing methods of teaching
and examining knowledge of factual material,

S

MARKTF-M3 -F4

Tk 002 789

December 30, 1965




University of Toronto
Department of Geology

Computer program--. MARKTF-M3 |
Written in FORTRAN IV source language, '
For IBJOB compiler, IBSYS monitor, IBM 7094-I computer. l

Conforms to current conventions of the Institute of Computer Science,
University of Toronto,

Purpose. Th's program scores tests (consisting of true-or-false state-
ments about concepts or facts) by comparing the list of true or false
values prepared by the instructor with those from the students., The
output consists of separate reports to each student advising him of

1) his performance with respect to four categories of information in
the test statements, 2) his over-all score on the test, and 3) his
current standing in the course. This program allows the instructor
congiderable latitude in designing the categories of information in
the test and composing the statements that the machine will select.

It has been found useful as an introductory program for classes
unfamiliar with machine-processing of examinations. It has been
found useful also in testing prerequisite knowledge of basic sciences,
logic and mathematics, in classes of students newly enrolled in a
course of study such as physical geology.

Method. The instructor composes statements that are true or false in
eguéI'humbers and estimates the content of four separate categories
of information that are in each statement. These relative weights,
or loadings, usually are in the form of decimal fractions that total
1.0 for each statement, but each statement can be arbitrarily
veighted by loadings that total more or less than 1,0, The loading
values for four categories for each statement are punched into data
cards as specified below,

The student responses are assumed to be on mark-sense cards
(FGS system of triple-row coding), and these must be read and punched
such that the 27 mark-sense columns are punched in the left-most set
of 27 colums of an 80-column cards. The instructor prepares a
similar card with the correct T/F array.

Other informetion in the student cards and in control cards,
are discussed below,

The main program reads the coded information derived from the
mark-sense punching and the subroutine decodes this into a T/F array,
This is done on the instxuctor's control data and then on each of
the student cards in sequence. The data on any one student card is
matched with the instructor's coutrol data and a sum of number
of watches minus number of mismatches is converted to percent of
the number of statements, At the same time, subscores for each of
the four categories are computed in an analogous way, but instead
of printing the subscores, the machine selects one o% ten statements
to print as a mcssageto the student, The text of the statements
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is composed by the instructor and is part of the data deck. The
messages are those the instructor thinks suitable for scores below
10%, 10 to 207%, etc., and generally would be different for each test,

The pattern of mismatching of student and control dats is
analyzed in a simple way for any significant difference bDetween number
of true and false and, as an invariant part of the program, the
machine prints one of three messages as detailed be ow. This scheme
detects a strong tendency to mark true if the value of the statement
is false or the reverse, possibly due to personality traits of sub-
nissiveness or aggression, respectively,

Finally, each score on the test is merged with the corresponding
prior mark in the course to give a current percentage mark, and the
results  for each student are printed on separate pages, These can be
trimmed to ordinary page size and distributed in the class,

During processing of student data, the over-all scores are stored
and later processed to give the mean score and also data for a histo-
gram plot of the distribution of scores. This is printed on the last
page of output,

1f the user plans to modify this program he should consider adding
a routine that would store student names and corresponding scores :
and/or current standings and print these out on a separate sheet for
the instructor, Using the present program, the current standings are
copied into a record book from the reports to the students, These
numbers subsequently are punched into a new set of student data cards
for the next test,

Another modificatior. that could be made quite easily is pro-
vision for alternative outputs such as one for male and another for
female students, or two or more languages, This would necessitate
a larger data deck but the extra work of preparation might be ﬂustified
by the increased impact on the student body of the decision-makin
ability of the computer, The 81st T/F statement could be '"Most o my
friends consider me to be a female", or "Je prefere lire mon bulletin
scolaire en francais”, or "I can read simple sentences in Swahili,"

We have found that students rapidly become accustomed to machine
scoring and commenting, and there seems to be little if any reaction
to the inhuman element of the scheme,

Data deck. In more detail, the data deck is made up of cards with the
ollowing punched information after the $DATA monitor control card:

1) descriptive title, date, etc., in format (10A6)--1 card;
2) sentence required for the middle of the report
in format (10A6)--1 card;
3) sentence required for the end of the report
in format (16A6)--1 card;
4) start of sentences about the four categories
in format (10&6)--4 cards;
J) ends of sentences about results, in format (10A6)--10 cards;
6) ends of sentence about tendencies, in format (10A6)--3 cards;
7) number of statements (n), and number of students (m)
in format (2I3)--1 card;

S
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8) exam number and over-all incrementation (if an;) in
format (2F7,1)--1 card;
9) instructor's punched MS card, in format (27Al)--1 card;
10) loadings on four categories, in formai (4F7.l1)--n cards;
11) students's punched MS card with name, pcior
marfp(, and individual incrementation (if
any), in format (27Al, CAG, F5.2, F4,1)--m cards.

Specimens of student's and instructor's mark-sense cards are
illustrated on a following page.

The FORTRAN program,<§] ical data deck and typical output. On the
following pages is a istiﬁg of the punched card decks of the _
FORTRAN IV main program and decoding subroutine. In general, users
will not require these decks unless they wish to make modification.
Following the FORTRAN grograms is a listing, on a 407 accounting
machine, of the equivalent column-binary compiled decks with a
typical data deck. This is the form of the job deck in which the
program would be presented, except for an initial identification card
as required by the operators of the computer,

Specimen output i,e, reports to students about their performance,
are shown on following pages,

The execution time for this program is approximately 0.07 seconds
per student tested. The number of formal lines of output computed
by the machine is about 27.5 per student. Printing time with an IBM
1460 machine is about 0.033 minutes per student,
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READ(H 1 1VPSYCH!

REAND(R412) NSTATHNSTUD

RMSTAT=MSTAT

RINC=101e)/RNSTAT

READ (5414 XNUMGADJILT

DNbfuﬂzNSTUD

PEENIIM=1 4L /RNSTUD

Ay=0,40

READ(Hs]4)Y CODE

pUNCH=.TQUE.

CALL NeCOOR(COut s TANPUNCH)

TF(eNOUTePUNCHY GU TU 316G

NO 100 K=1,411

FREGQG(K)I=0.0

[

100 CONTINUE

READ(Rs14) ((WANAL(JsK) 9J=1494)4K=14NSTAT)
DO 120 UJ=1,4

TANAL () =0.0

NN 120 ¥=14,NSTAT

TANAL (D STANAL (J)+WANAL (J9K)

120 CONTINMUE

PO 20C N=),NMSTUD

PUNCH=eTRUE

READ(5915) CODEJNAMFE s CUMPC 4 RONUS
CALL DECODE(CODE yANS 9 PUNCH)
WRITE(6422) ’

WRTTF(6425) NAMF

TE(oNOTLPIHNCH) WRITF(6430)

NN 125 12144

ANAL(JY=0.0

125 CONTINUF

WRTTF(6425) TITLF]

SIMIRU=0.0

SCORF=U.0

ND 160 K=1,MSTAT

TFCANS(K) ) SUMTRUSSUMTRU+140

TFOOTANCKY ANDGANS(K) ) aURe( aNUTTANIK) e AN e o NOTJANS(K)))IGO TO 130
SCORF=SCONF=RINC

NN 127 J=1e4

ANMAL (J)Y=ANAL () =WAMAL (JsK)

127 CONTIMIIE

nO TO l6v

130 SrORE=SANRE+RINC

nO 135 J=1y4
ANAL (J)=ANAL (J)+WANAL (JsK)

135 CONTINUF
160 CONTINUF

AV=AV+SCORE
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WRTTE(A24) QCOOF
WRITF(Hhe/l5) TITLEZ
e 1” |=]"4
AT TE(R925) (MESSAG(T 4 )Tzl
ANMAL () =ANAL(J)Y/TANAL ()
M) 16 M= 41y
RM=14
RUN=M/ 10,0
THFIANAL(J) e 0T eRMUY GO Tu 165
WRTTF(6925) (LEITIR(I o) eiz1e10)
~fnTN 170
1A8 fﬁMT[MUC
170 FONTINNF
WRTTE(Ay258)Y TTTLFS
SUMTRUSSUNMTRU/ZRMSTAT
TE(SUMTRLU LT et} WRITE (69251 (PSYCHO(Ky1)aK=1410)
TF(SUMTRUGOT el ab) wRITE(692%9) (DSYCHI(K92)9K=]1410)
IF((bUMTRUoGFoOoq)OANDQ(bU"’:’T"(UoLEOOO6))
1 WRIT (HAe28) (PSYCHU(K 93] 9K=1910)
PO 180 M=1,411
RMD=10%(pM=1)
[F(SCORF.ATLRMN) B0 7O 1RQ
FREQIMI=FRFY(M)+RECNUY
AN TN 1AS
120 (‘ﬂA!TIM”C
1828 Sf0Q5=((FUMD(+ADJUST)*(XMUM-1.0)+SfOPC+Q0NUQ)/XMUM
TE(SCNPE  NT4100,0) SCORF=1UNGN
WRITE(647G) SCORF
WRITF(Ay27)
2n0D CONTINUE
AV=AV/RNSTUD
VIRTTF(6428)
WRITE(64+25) TITLF]
WRITF(6423) AV
WRITF(6424) FREQ
O TO
) VRITF (6,421
STOPR
11 FORMAT(]1NAR)
12 FARMAT (?112)
13 FORMAT(27A1)
14 FAORMAT(4F7,1)
15 FORMAT(27A1,436A64F9e24Fbal)
22 FORMAJ{IH1 419X s J7HINDIVIDUAL REFORT )
23 FORMAT(1HOs9Xy 1THCLASS AVERAGE 1S F843)
24 FARMAT (1HO 99X s 35HFRFQUFNCTESaml T 0g0==1M910==20+FTCe /
1 THO95Xs11F643) °
P8 FARMAT(1H0,9X,10A6)
26 FENRPMAT (1HU QX4 28HYOUR SCORF ON THTS TEST 18 FSele8H PFRCENT///)
27 FORMATI1H0 49X 3O0HTRY FNR A HIGHFR SCORF ON THF NEXT TRST /7177
1 1HO 44X 27THYNUR FRTIFNDLY 7004 COMDUTF®R )
78 FORMAT (1HY ,9X 4 2THPROCFSSTING OF RFESGLTS ///7)
29 FORMAT (1HO 99X 9 4UHYNUR ADJULTFN MARK M THTS FOURSE NNw 1S FSels
1 8H PFRCFMT //)
30 FORMAT(THO »9Xs 5BHPUNCHING ERROR IN ODATA CARDe PLEASE INFORM THE IN
1STRUCTOR )
31 FORMAT (1HI 39X 30HPUNCHTINA FRRUR TN MASTFR DATA /
1 1HU 99X+ 24HEXECUTION IS TERMINATED )
END
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10

11

12

13

14

15

16

17

SUBROUTINE DECONE(CONE 4= 4 PUNCH)
LOGICAL 3+PUNCH
DIMENSTON CODE(27)st5(561)9sCHAR(8)

DATA (CHAR(K)9K=198)1/1H 91HO 9149 1HBelHIs1lHY g1 H=y1H(/

NO 17 K=1,27
IF(CNNF(K)NFeCHAR(1)) GO TO 10
B(K)=eFALSE.

B(K+27)=4FAI SE,

B(K+R4)=,FALSE.

GO TO 17

TF{CODE(K)-NE«CHAR(2))Y GO TO 11
Q(‘()=.TRUE.

R(K+2T7)=eFALSF,

R(K+54)1=,FALSF.

50 T0 17

IF(CODE(K}eNE«CHAR(3)) GO TG 12
R{K)=eFALSE

B3(K+27)=¢ TRUE

B(K+54)=FALSE.,

a0 TN 17

TFICODE(K)«NEJCHAR(4Y)Y GO TO 13
B(KY=.FALSE.

B(K+27)=4FALSE,

B{K+54)=4 TRUE,

GO TO 17

IF(CODE(K) eNEeCHAR(5)) GO TO 14
B(K)=eTRUF,

B(K+27)=e TRUE.

R{K+54)=eFALSE

GO TO 17

IF{CODE(K)«eNFLCHAR(G)Y) GO TO 15
B(K)=e TRUF,

R(K+27)=4FALSF,

B(K+54)=. TRUE

GO 1O 17

TF(CODE(KYNF,CHAR(TY) RO TO 16
B(K)=eFALSE,

A(K+27)=e TRUE,.

R{K+54)=4 TRUE

GO TO 17

IF(CODF(K) eNEeCHAR(8)) PUNCH=4FALSE

A(K)=e TRUE,
H{K+27)=e TRUF
B{K+54)=4TRUIE«
CONTINUE
RETURN

FEND
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BDATA

GFOLOGY 1169 TERM 1,TEST 1 . CHAPTER_ )1 OF TEXTs QCI. 7 19654 - R
THE FOLLOWING IS MY ANALYSIS OF YOUR TRUF/FALSE ANSWERS.

.1 CANNDT DO PSYCHO-ANALYSIS, BUT_I _CAN DEDUCFE THAT e
TN XNOWLEDGE OF PHYSICAL TERMS AND PRINCIPLES,
M O XNOWLZDGE OF CHEMICAL CONCEPTS _AND_SYMBOLS
iN UNDERSTANDING CONCEPTS ABOUT CRYSTALS)

IN RETENTION OF DATA ON MINERALS,

T

YOuU ARE
*CU ARE
TYOU ARE
~ YOU ARE

YOU ARE

YOU ARE

IN TROUBLE.

VERY POORe STUDY CHAPTER 1 BEFORE THE NEXI TESTa

DID YOU READ THE TEXTe

‘POORe | SUGGEST THAT YOU REREAD CHAPTER 1.
FAIRLY POORe YOU SHOULD REVIEW CHAPTER le._._

FAIRLY

ONLY FAIR. MORE ATTENTION TO DETAILS WOULD HELP.

. GOODe__YQU. SHOULD SCORE HIGHER IN NEXT TESTa
YOU ARE GOODe THE NEXT TEST SHOULD BE A PIECE OF CAKE.

__YOU_ARE_VERY GOODe_1S5S THE TEXI_T0Q0 SIMPLE FOR YQU,.
YOU ARE EXCELLENT. HOW ABOUT REVISING CHAPTER 1,
_YOU ARE NEARLY PERFECTe WOWe _ _ _ ..
YOU HAVE A TENDENCY TO DISBELIEVE STATEMENTS EVEN WHEN TRUE.

_YOU HAVE A TENDENCY TO BELIEVE STATEMENTS_ EVEN WHEN FALSE, —
" YOU HAVE NO MARKED TENDENCY TO REJECT OR ACCEPT STATEMENTSe
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INDIVILUAL REDORT
WAIN, M, 11 MOD, HIST., VIC
GEDLDGY 1l6s"URM {,1151 1 CHAPTER | OQF TEXT, NLY 7 1965,

YAUR SCUORF 9N TA4L15 TEST 15 33,3 PFRCENT

THE FOLLOWING IS MY ANALYSIS UF YOUR TRUE/FALSE ANSWERS,
IN KNOWLEDGF (IF ZHYSICAL [ERMS AND P2 INCIPLES,

YOU ARE ONLY FALE, MO2E ATTENTION T NDETATLS WOULD HELP,
IN KNUALEDGE GF CHEMICAL CONCEPTS AND SYMBOLS,

YOU ARE FAIRLY PrCR. Y0 SHOULD REVIEW CHAPTER 1.

IN UNDERSTANIING CONCEPTS ABNYT CRYSALS,

YOU ARE PGORS 1T SUGGEST THAT YOU REREAD CHAPTFR |.

IN RETENTION OF ATA OM MINGRALS,

YOU ARE PONR. 1 SUGGFST THAT YOU REREAG CHAPTER l.

P CANNAT D) PSYCHO~BNALYS[S, BUT I CAN OEDUCE THAY

YOU HAVE Né VARKEDR TENDENCY TO keJdFCT OR ACCEPT STATEMENTS.

YOUR ADJUSTE MAFK TN THIS COURSE NUW IS 33.3 PERCENT

TRY FOR A MICHER SCUKRF (N TH= NEXT TEST

YOUR FRIENDLY 7094 CNMPUTER




INCIVIDUAL REonaT
CUNLEVIEE, LINTA T  SCC+PHIL UG
GEOLUGY 11641ERM 1,TEST )} CrAPIER 1 OF TEXT, OCY 7 1965.

YQUR SCORE UN THIS TFST IS Y9.6 PERCENT

THE FOLLOWING IS MY ANALYSIS OF YOUR TYPUE/FALSE ANSWFRS.
IN KHOALEDGE 9F PRYSICAL TLKMS AND P77 W Sy

YLUU ARE VERY CCODRe IS THF TEXT TGU sa0rLE FOR YONU,

IN KNOWLEDGE «.F CHEMICAL CONCET ~ AND SYMRGLS,

YOU ARt ©G0O0De. THE NEXT TEST SHOULD BF A PIECE OF CAKE.
IN UNDERSTANDING CONCFEPTS ABOUT CRYSTALS,

YOU ARE VERY PUOP. STUDY CHAPTER 1 AREFORE THE NSXY TEST.
IN RETENTIUN CF DATA ON MINECRALS,

YOU ARE FAIRLY PLUR. YU SHOULL REVIEW CHAPTER 1.

I CANNLT DO PSYCHO-ANALYSIS, BUT I CAN DFDUCE THAT

YOU HAVE NO MARKED TENDENCY TG REJECT OR ACCEPY STATFMFNTS.

YOLR ACJUSTEL MAPK IN THIS CUURSE NOW IS 55.6 PRRCENT *

TRY FNR A HIGHER SCCORE CON THEt NFXT TEST

YOUR FRIENDLY 7096 COMPUTFR




INTavILUAL kP RT
FEDYKZRESTOR  I1  k#SY VI
SECLGSY 1160 TER [, TEST | CHAPTEY | UF TeXty 0°CT 7 1965,

YOUR SCERE ON THED TRST IS 77,8 PFPCENT

THE FOLLCWING 1 ¥V ANALYSIS CF YNOUR TRUC/FALSE ANSWERS,
IN KNHALEOGY: (F 1 hYSTLAL TSRMSY AND PP INCIPLES,

YUU ARE NLAQALY PFAFECT. L ae

IN ENOWLEOGE OF (={MICAL CONCEPTS AND SYMBOLS,

YCOU AxE VeRY CGOL. IS TH° TFEXT TUND SIMPLE FCR Yﬂh.

IN UNOEZPSTANGING ﬁHthPIS ABOUT CRYSTALS,

YOU ARE EXCELLENT. HOW APTUT RFVISING CHAPYE®R 1,

IN RETENTION OF LATA DN MINEXALS,

YOU ARE FAIRLY GCLD. YU SHCULD SLORE HIGHFR [N NEXT TEST.
[ CANNOY DN BSYCHL -ANALYSTS, BUT | CAN DENUCE THAT

YOU HAVE NC MARKED TENDINCY TN KEJFCT Ok ACCEPT STATEMFMTS,.

YOUR ADJUSTES MARK IN THIS COURSE NJW (S /7.8 PERCENT

TRY FU A HIGHER SCUKE 6N THe NEXY TEST

YOUR FRIFNILY 7094 COMPUTER
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University of Toronto
Department of Geology
R.K, Option--Geology 116
Term Test l--Chapter 1 of Text(Eardley)--Oct. 7, 1965,

The following statements should be considered to be either true or
false but not both, and also not undeterminable, Unless indicated
otherwise by the context, the conjunction or means inclusive or. The
information as given in the text should be considered to be correctly
stated for the purposes of this test, even if you have good grounds
for doubt, Remember: mark the data card if true, leave blank if false.

An atom of oxygen weighs 16.0 grams.

None of the chemical elements that occur in minerals are radioactiv.:.

Some minerals are radioactive,

The nuclei of all of the chemical elements contain protons and
neutrons,

Isotopes are chemical elements with the same valency.

An electron has over 1000 times the mass of a neutron.

There are over 2000 known crystal systems,

Ionic bonding in crystals is essentially electrostatic,

Water is the only known liquid vhat has a boiling temperature at
atmospheric pressure.

10 If a mineral has cubic crystal symmetry or cubic cleavage, then
" 1its constituent atoms or ions must be arranged in a cubic pattern.

11 Apart from the core, most of the earth is composed of crystalline

minerals,

12 Some glasses are crystalline, and others are amorphous.

13 Covalent bonds are, in general, stronger than ionic bonds.

14 The ideal composition of quartz is SiOz.

15 The pyritohedral erystal faces of pyrite have six edges.

16 All feldspar minerals contain silicon as an essential component,

17 A dynamic equilibrium is one that is unstable,

13 Oxygen has only one isotope of mass number 16.

19 Quartz has cubic cleavage.

20 Some ions are electrically neutral.

21 The text shows an illustration of an x-ray diffraction pattern.

22 The atoms in some ninerals are linked by covalent bonds.

23 An ion is an atom that has gained or lost a proton,

24 Some ions can chemically combine with protons,

25 Corundum is the name of a mineral, not of a rock.

26 Sublimation may be a psychological term, but is is also a chemical
term,

27 Some minerals are unknown in nature.

28 The carbonate minerals are silicates,

29 Covalent bonds do not involve the valence electrons.

30 411 crystals are composed only of ionms,

31 Some kinds of crystags are ccmposed only of molecules,

32 Feldspars contain aluminium as an essential component,

33 Deuterium is an isotope of helium,

34 Some isotopes of hydrogen have two or more neutrons in their nuclei.

35 Atoms or ions in minerals are not always arranged in a regular
three-dimensional pattern,

36 Crystals cannot be made by humans,

37 Diam=ters of single atoms or ions are approximately 0,00000001

centimeters.
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Neutrons are negatively charged particles.

The material between the atoms in a gas is not called plasma.

A mass spectrometer is used to split the nucleus of atoms.

Helium atoms are not the smallest atoms known.

One proton and one electron make up an atom of hydrogen.

Isotopes are those chemical elements that have no neutrons in
their nuclei,.

All of the radioactive elements have the same expected half-life
period.

Uranium obtained from mineral sources 1s radioactive,

Gamma rays are streams of electrons.

By weight, the most abundant element in rocks is silicon,

Pyrite is a sulphide mineral.

Feldspar minerals are silicate minerals,

A tetrahedral arrangement of oxygen around silicon is part of
the crystal structure of all silicate minerals.

Crystals of metals such as copper are described in the text as
being an orderly packing of atoms,

The ideal composition of calcite is KCl.

Crystals diffract x-rays whereas minerals do not diffract x-rays,

Most of the universe is composed of hydrogen.

Atoms cannot be broken down into smaller particles.

Tritium is an isotope of hydrogen.

Deuterium is an isotope of hydrogen.

Quadrium is an isotope of hydrogen.

Gypsum is a sulphate mineral.

All sulphate minerals are also silicate minerals.

Hornblende is a silicate mineral.

In the crust of the earth, aluminium is more abundant than sodium
by weight.

Alpha and beta rays from radioactive elements are composed of
positive and negative electrons.

Uranium becomes measurably lighter during radioactive decay to
lead.

Radiocactive decay of uranium is too uncertain a process to be
used in a geological timing method.

Lithium has a chemical valegsy of (+2).

An isotope symbolized as g0"/means that the neutral atom has 8

electrons outside the nucleus.

An isotope symbolized as gOl/ means that its nucleus contains 9
neutrons,

Water must be heated to a higher temperature on a mountain than
at sea level, before boiling takes place in an open pot.

The valence of chlorine, bromine, and iodine is (-1).

Two atoms of the same element cannot combine to form a bonded
compound.

All crystals of halite are perfectly cubical in shape.

There are over 2000 known kinds of minerals.

Minerals with the same name have exactly the same composition.

The petrographic microscope uses polarized light in the study
of rocks and minerals.,

Some minerals crystallize from aqueous solutions,

All minerals crystallize from fusions.

Magnetite is an iren oxide mineral.

An electron microscope is used to study the electron structure of
atoms,

A liter of oxygen is heavier than a liter of hydrogen.

Water is an essential constituent of gypsum.




