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Abs tract

The paper deals with the func tio ning of if- clau ses in ma the ma ti cal word problems
and with their equi va lents. First, the nature of a word problem as a text type is shown.
Further, the dif ference between complex sentences with proper im pli ca ti ve- cau sal
relation and a lay use of con di tio nal clauses is examined. As its main goal, the paper
presents a com pa ri son of various instances of con di tio nal clauses in ma the ma tics
word problems.  Also, it shows the role of formulaic ste reo typy and con ven tio nal as -
sump tions in word problem texts as an integral part of both the ma the ma ti cal and the
com mu ni ca tive com pe tence.

1. In tro duc to ry re marks

1.1 The im por tance of lin guis tic fac tors in chil dren´s prob lem
solv ing and in the level of dif fi cul ties the pu pils ex pe ri ence have been
in ves ti gated in count less stud ies, among them Ne sher & Teu bal 1975;
Lewis & Mayer 1987; Hem bree 1992; Da roczy, Wol ska, Meur ers,  &
Nu erk 2015; Durand- Guerrier 2003; Mar tin & Bas sok 2005; Vicente
et al., 2008; Plath & Leiss 2018; Von drová et al 2019.  Word prob lems
(WPs) have been an im por tant com po nent of mathe mat ics teach ing;
mainly as a dem on stra tion and an evi dence of the fact that mathe mati -
cal skills (cop ing with mathe mati cal op era tions) can be a use ful in -
stru ment for eve ry day ac tivi ties and an im por tant aid to as sist any one

in real- life situa tions  (shop ping, plan ning daily sched ules, fi nan cial
lit er acy etc.). At the same time, WPs rep re sent an in ter dis ci pli nary
phe nome non – they are texts re quir ing cer tain level of both mathe -
mati cal and lin guis tic/com mu ni ca tive knowl edge (com pe tence). It is
the ap pli ca bil ity of mathe mati cal no tions and op era tions to gether with 
the choice of at trac tive “sto ries’’ of WPs which is mostly stressed and
fore grounded (as a sup port ing/mo ti vat ing fac tor) in mathe mat ics tea-
ching. On the other hand, in the last dec ades re search ers started to
doubt the role of WPs as a bridge be tween mathe mati cal and real
worlds, point ing to the fact that WPs as tra di tion ally used in classes do 
not pro mote the de vel op ment of pu pils’ dis po si tion to wards authen tic
mathe mati cal mod el ling. (Cf. Ver schaf fel et al. 2010). WPs’ long-
 term low popu lar ity as well as the rather low rates of suc cess ful WP
solv ing (at least in Czech ele men tary schools) keep in vit ing both the
teach ers and re search ers to study the re lated is sues.  

1.2 In their sum mary of stud ies, Ver schaf fel et al. (2010) point to
the ef forts to re con cep tu al ize WPs as genu ine ex cer cises in mathe -
mati cal mod el ling or even to re place them by authen tic real- world
prob lems. In this study, how ever, we will fo cus only on the WPs as 
“ver bal de scrip tions of prob lem situa tions wherein one or more ques -
tions are raised the an swer to which can be ob tained by the ap pli ca tion
of mathe mati cal op era tions to nu meri cal data avail able in the prob lem
state ment” (cf. Ver schaf fel, Greer & De Corte 2000: ix). Word ing of
a WP is sup posed to be brief and un am bi gu ous. Nev er the less, stud ies
in dif fer ent coun tries that have looked at word prob lems in tra di tional
text books have re vealed that, es pe cially in the early grades of ele men -
tary school, most WPs are phrased as se man ti cally im pov er ished, ste-
reo typed ver bal vi gnettes (cf. Ver schaf fel et al. 2010). The length of
a WP (number of words, number of sen tences) and/or the presence of
“po ten tially dif fi cult’’ vo cabu lary (ter mi nol ogy, com pound words,
words of for eign ori gin) have been an of ten re searched and tested fac -
tor proven as in flu enc ing the solv ers’ suc cess, cf. Abedi & Lord 2001;
Plath & Leiss 2018; Bergqvist, Theens & Ös terholm 2018. At the
same time, any WP text usu ally com prises all the nec es sary pieces of
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in for ma tion, of ten in the or der cor re spond ing to the or der of mathe -
mati cal op era tions re quired for a suc cess ful so lu tion. 

1.3 In gen eral, the most ob vi ous rea son of WPs’ tricki ness is the
cog ni tive load which any WP puts on the pu pils. In or der to solve the
task pre sented by a WP, it is nec es sary to pro cess the com plex of
mean ings en coded by natu ral lan guage: Ver bal de scrip tion of situa -
tions or ac tions re ly ing on the knowl edge of con cep tual mean ings of
lexi cal units and on the in tui tive knowl edge of re la tions among them
(these two con stitu ents be ing modi fied by pu pils’ extra- linguistic ex -
pe ri ence) must be men tally proc essed (com pre hended). The solver
needs to cre ate his/her own con cept of the prob lem (step 1, text com -
pre hen sion). In step 2, the solver has to iden tify which pieces of in for -
ma tion within the text rep re sent the ele ments of the mathemat ics prob -
lem, i.e., a new mean ing must be ex tracted from a text. The ir rele vant
infor ma tion must be fil tered off and the rele vant mathe mati cal in for -
ma tion must be elic ited. In step 3, the new (mathe mati cal) model is
built. In or der to cre ate the new model, the rele vant items to be op er -
ated with must be de termined (coded into math con cepts/en ti ties).
What must be es tab lished is the re la tion be tween the ver bal de scrip -
tion of a real- life ac tion or an ar ray of data and an ab stract mathe mati -
cal op era tion. (To wards the con cept of op era tion in re la tion to mathe -
mati cal con cepts, cf. Pi aget 1967, pp. 33, 119–155.). This new model
is proc essed (solved ar ith meti cally) in step 4. The fi nal step 5 is rep re -
sented by a ver bal an swer to the ques tion/task de scrip tion. (Cf. Reu-
sser’s model con struc tion, 1985; 1992; 1995, pp. 81–82, 90–95, 255).
The level of cog ni tive load in vari ous ver sions / word ings / for mu la -
tions of WPs was the sub ject of the re search proj ect this pa per is re -
lated to, see 2.1 be low.

1.4 There are two cru cial dis tinc tions be tween mathe mati cal con -
cepts and the con cepts of natu ral lan guage: 

a) there is no em piri cal ref er en tial value re lated to mathe mati cal con -
cepts;

b) there is no set of “ele men tary con cepts’’ in natu ral lan guage. Such
a set, though, does ex ist in mathe mat ics. (Cf. Ma terna, Pala, & Zla -
tuška 1989; Ma terna 2000, p. 90). 

Con cepts of natu ral lan guage are ob jec tive ab stract (ideal) en ti ties
which can be rep re sented by natu ral lan guage ex pres sions; nev er the -
less, there can be more lan guage ex pres sions cor re spond ing to one
con cept/no tion and vice versa; cf. (Ma terna 2000, p. 17). A regu lar
(de fault) com pre hen sion of a lan guage ex pres sion is based on a pre -
sup posed iden ti fi ca tion of the rep re sented con cept as well as on the
iden ti fi ca tion of the po ten tial ref er ent (an extra- linguistic en tity) to
which the ex pres sion can be re lated when used in an utterance- token
(one in di vid ual in stance of a sen tence use oc cur ing in a par ticu lar
situa tional con text). As for WPs, it can be sup posed that it is the pri -
mary ori en ta tion of the solv ers to wards the em piri cal ref er ence of lan -
guage ex pres sions (emerg ing from in di vid ual ex pe ri ence of each
solver) which causes de lays or ob sta cles in the re quired trans fer from
lan guage con cepts to mathe mati cal ones. The point is that the po ten -
tial ref er en tial value of a lan guage ex pres sion re gard ing a WP’s con -
tex tual frame can vary for each solver (de spite the con stant no tional
con tent of the ex pres sion). It can be in flu enced by a solver’s in di vid -
ual extra- linguistic ex pe ri ence plus his/her com mu ni ca tive com pe -
tence.  Solv ers’ ex pe ri ence con cern ing the re la tions of extra- linguistic
ob jects/en ti ties named in a WP’s text (and prag matic in fer ences
launched by the word ing) can cor re late with the re quired mathe ma tiz -
ing (cre at ing of a mathe mati cal model); then they fa cili tate the cor -
rect/suc cess ful so lu tion. None the less, in nu mer ous cases the ade quate
re la tions of WP con stitu ents need not be ob vi ous at first sight. Be fore
they are ex pressed in mathe mati cal units, those re la tions must be
found and com pre hended. To the prob lems con cern ing the WPs se -
man tic in ter pre ta tion, cf., e.g., Bas sok 2001; Mar tin & Bas sok 2005.
As for mod el ling prob lems, cf. Re usser 1985, 1992, 1995; Cum mins
et al. 1988. 

2. Back ground of the pa per

2.1 The pres ent pa per is re lated to the proj ect “Word prob lems as
a key to the ap pli ca tion and un der stand ing of mathe mati cal con cepts’’
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(Slovní úlohy jako klíč k aplik aci a porozumění mate ma tickým po -
jmům, reg. no. 16-06134S, Czech Sci ence Foun da tion; 2016–2018).
The proj ect in cluded a text analy sis of WPs both in Czech text books
and in some in ter na tional test ing ma te ri als (such as TIMSS and PISA
prob lems). The analy sis was aimed at the iden ti fi ca tion of key fea tures
of the task texts (mathe mati cal/struc tural, psy cho logi cal, and lin guis -
tic ones). Fur ther, among the most promi nent fea tures of WPs those
po ten tially prob lem atic (dif fi culty in flu enc ing,  pos si bly fail ure caus -
ing)  were dis tin guished. Lin guis tic fea tures cho sen for fur ther test ing
were the fol low ing:

a) ex tra- lin guis tic (ex pe rien tial) con text (i.e., a text ba sed in a con text
sup po sedly fa mi liar vs. un fa mi liar to the pu pils);  

b) the pre sence of a su per fluous in for ma tion (incl. re dun dant nu me ri -
cal da ta; lon ger vs. shor ter wor ding of texts); 

c) the in fluence of a non- ver bal cons ti tuent (a pic ture, a dia gram) in
the text of a WP; 

d) lin guis tic ex pli ci te ness of the WP text (the pre sence of ste reo ty pi cal 
for mu laic cons truc tions which can be se man ti cal ly over loa ded or
un der de te mi ned; as a re sult, such texts are po ten tial ly am bi guous or 
they can launch false im pli ca tions);  

e) or der of in for ma tion in the WP text;  
f) the pre sence of a dis trac tor (an ex pres sion lea ding to an ope ra tion

op po site to the re qui red one), cf., e.g., Nesher & Teubal 1975. (In
the trea ti ses dea ling with the di dac tics of ma the ma tics, si mi lar phe -
no me na are so me times ter med “in con sis tent lan guage’’, cf. Le wis
& Mayer 1987; Pape 2003).

2.2 In the next phase of the re search, the goal was to de ter mine how 
the in flu ence of these fea tures changes with the age and ex pe ri ence of
pu pils, be gin ning with Grade 3 and end ing with Grade 9 of pri mary
schools.  The com plete de scrip tion of the proj ect in clud ing test ing
meth od ol ogy, test sam ples, ques tion naires dis trib uted to pu pils and
sta tis tic as well as di dac tic analy ses of the elic ited data can be found in
full in a mono graph authored by a group of schol ars. (Von drová et al.
2019).

2.3 In this pa per, we do not tackle the struc tural/mathe mati cal fea -
tures nor the psy cho logi cal ones. Nev er the less, it is ob vi ous that
among the fea tures listed in 2.1, e.g., the a) fea ture (the sup posed
un/fa mili ar ity of the con text frame) in volves both lin guis tic and psy -
cho logi cal prop erties and, analogi cally, fea tures e) and f) can be con -
sid ered an in ter face of lin guis tic and struc tural/mathe mati cal prop er -
ties. The or der of in for ma tion pro vided to a solver sug gests the re -
quired or der of op era tions; the choice of a dis trac tor is a part of the WP 
for mu la tion strat egy. (The way how the prob lem is com mu ni cated to
a solver tests the solver’s  abil ity to set the cor rect al go rithm.) Fea ture
d) ap pears to be the most com plex one since the phe nom ena de scrib -
able as add ing to the text explici te ness and/or am bi gu ity of ten over lap
each other. 

2.4 In the para graphs be low we will pur sue one of the lin guis tic as -
pects per tain ing to fea ture d/, namely, the use of causal con junc tions
con cern ing the task as sign ments in WP texts. At the same time, we
will deal with the is sue of the com mu ni ca tive na ture of WPs: we will
ren der a WP as a spe cific type of text/genre of (edu ca tional) com mu ni -
ca tion. We pro ceed from the as sump tion that the pro cess of a WP so lu -
tion in cludes, among other, cer tain pre limi nary in for ma tion con cern -
ing WP as a text type, see para graph 6.2 be low.  What we wish to pres -
ent here is the prag ma lin guis tic per spec tive of WPs so lu tion pro cess:
We ana lyze a WP text as a type of com mu ni ca tion and aim for show -
ing some of the lin guis tic facts re lated to this spe cific area of edu ca -
tional com mu ni ca tion. 

3. WP as a text type/genre

3.1 As a type of text (genre  of com mu ni ca tion, cf. Ba khtin 1986;
Fer gu son 1994; Engel 1996, Hirschová 2017), a WP can be de fined by 
its ma jor func tion: to set a task for the ad dressee (the solver) test ing
his/her abil ity to find a mathe mati cal struc ture “cov ered’’ in the text.
The way in which the pieces of in for ma tion are pre sented to the solver
is an in dis pen sa ble com po nent of a WP word ing na ture. As a text type
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(a com mu ni ca tion/a mes sage), a WP in volves three ba sic func tional
parts:

A. The ini tial part is usu ally in visi ble for solv ers. It in cludes the
pro ducer´s plan ning and form- choosing men tal ac tivi ties aimed at
assigning the task to an ad dressee – a solver with a pre sup posed level
of both lan guage and mathe mat ics com pe tence. (In text books for
young chil dren, the role of the text pro ducer can be per soni fied in
a char ac ter of a guide/story- teller or a “pu pils’ com pan ion’’ – a toy, an
ani mal, etc.) The core of the task/prob lem is a struc ture built on a set of 
data which are ex pected to be proc essed by a com bi na tion of mathe -
mati cal op era tions aim ing at a cer tain re sult (a so lu tion). What the pro -
ducer seeks at this stage is an “em bal lage’’ (to be shown in part B) for
a struc ture per tain ing to a par ticu lar topic in the mathe mat ics cur ricu -
lum. From the view point of a pro ducer, the A part is dy namic while the 
B) and C) parts of a WP text type can be seen as rela tively sta ble gen -
eral con stitu ents of a sce nario to be re- performed.

B. Here the task/prob lem it self is pre sented in a de scrip tion of
some situa tion, in a form of a short story or in an ar ray of data in a dis -
course unit re lated to a com mon con text (sports, trav el ling, shop ping,
etc.). At the same time, there is an ad di tional (im plicit) in for ma tion
con veyed to a solver, namely, “this is a WP’’.

C. In this part, the job re quired of the ad dressee is speci fied by
a ques tion (how many? – ko lik?/ how long? – jak dlouho? etc.); some -
times the pro ducer ad dresses the solver by an im pera tive (find out –
zjisti / form – ut voř / cal cu late – vy počítej).  It is typi cally in the C part
where the con di tional con junc tion (in Czech jes tliže/jes tli/pokud/
/když) oc curs sug gest ing the re la tion of prin cip ial data (in B) to be
oper ated with, e.g., how long will it take … if both ve hi cles move … –
jak dloho po trvá … jes tliže se obě vozidla po hy bují …; how many
rooms have to be booked if the number of par tici pants is … – ko lik po-
kojů je třeba rez er vo vat, jes tliže počet účast níků je …, etc. (In fur ther
text, we use “if-clause” as a gen eral la bel for clauses with the men -
tioned type of con junc tion.)

3.2 From the view point of a solver, the re la tion of the B and the C
parts is cru cial: The task can be suc cess fully com pleted only if the data 
pre sented in B) are iden ti fied, mathe ma tized and ar ranged into an
adequate model/struc ture (see 1.3 above). To a great ex tent, com ple -
tion of C de pends on B, on its lin guis tic com pre hen si bil ity and lu cid -
ity. The very for mu la tion of B, e.g., the or der of in di vid ual pieces of
nu meric in for ma tion, can sug gest the steps of the so lu tion pro cess.   

4. Con di tio nal clau ses in con ver sa tion

4.1. Pri mar ily, the use of if/ jes tliže in com plex sen tences in di cates
an im pli ca tive re la tion, namely “if a, then b’’, cf. [1]:

[1] Jestliže te plo ta stoupne nad bod mrazu, sníh zač ne tát. 
If the tem pe ra ture rai ses abo ve the free zing point, the snow starts to melt.

It means that the raise of the tem pera ture (a pro ta sis/an te ce dent) is
a con di tion upon meet ing of which the snow melts (an apo do sis/con -
se quent), i.e., melt ing of the snow in varia bly fol lows the raise of the
tem pera ture. At the same time, such a nec es sary and/or suf fi cient con -
di tion a can be con sid ered a cause of b; cf. David son 1967, p. 701; van
Dijk 1973, p. 62. (In this pa per, though, we do not mean to ex plore the
area of prob lems con cern ing teach ing/ex plain ing the top ics re lated to
for mal (ma te rial and/or strict) im pli ca tion, cf., e.g., McCar thy 1987;
Durand- Guerrier 2003; i.e., we do not study stu dents’ un der stand ing
of logi cal im pli ca tion.) There is a dif fer ence be tween the strictly logi -
cal (and philo sophi cal) func tion of if (or iff) / jes tliže and a wide range
of re la tions be tween phe nom ena a and b rep re sented by clauses in
a com plex sen tence with a con junc tion (not a con nec tor) if. In eve ry -
day use of con di tional con junc tions, sen tences like [2] – [5] can be
con sid ered cus tom ary: 

[2] Jestliže bu deš jíst hodně ze le ni ny, zhub neš. 
If you eat a lot of ve ge ta bles, you will lose weight.

[3] Jestli se bu de pořádně učit, určitě zkoušku udělá. 
If he stu dies hard, he will cer tainly pass the exam.
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[4] Když umy ješ nádobí, já za li ju zah ra du. 
 If you do the di shes, I will wa ter the gar den.

[5] Pokud si můžu vy brat, radši bych zůs ta la do ma. 
If you let me make a choi ce, I would ra ther stay at home.

It is not in the ca pac ity of this pa per to cover all kinds of con di -
tional sen tences (open con di tion, hy po theti cal con di tion, nega tive
con di tion, etc.); any gram mar of Czech or Eng lish as well as gram -
mars of other lan guages deal with the topic ex ten sively; cf., e. g.,
Leech & Svart vik 1975; Karlík 1995; Engel 1996; Karlík 2017. We
have cho sen ex am ples [2] – [5] be cause they show a no ti ca ble con trast 
to [1]. In [2] and [3], the if-clause (for mally a) does not state a con di -
tion which, when met, can be suf fi cient for the con tent of the other
clause (for mally b) to come true: It is not sure that a per son eat ing a lot
of vege ta bles will lose weight; even a hard work ing stu dent can fail in
an exam, etc.  There is an as sumed con nec tion be tween the con tents
of propo si tions in sen tences a and b in [2] and [3]. The if-clauses (a)
de scribe ac tivi ties we ex pect/be lieve (based on our ex pe ri ence or
observa tion) to be usual rea sons of a state of af fairs de scribed in b or
usu ally hav ing such an out come; cf. Toul min 2003, pp. 92–93. The
use of if-clauses in [4] and [5] is dif fer ent from [2] and [3], see 4.1.1
be low. In all of them, though, the oc curence of if-clauses can be seen
and grasped as mo ti vated by em piric fac tors de scrib able in the frame -
work of prag matic lin guis tics.   

4.1.1 In eve ry day com mu ni ca tion, com plex sen tences like [2] – [5] 
most proba bly are in ter preted by in ter locu tors not pri mar ily on the ba -
sis of a and b propo si tional truth val ues, i.e., as logi cal im pli ca tions
but, be sides the shared “usual ex pe ri ence’’, also on the ba sis of prag -
matic fac tors, es pe cially the con ver sa tional im pli ca ture (cf. Grice
1975). (Un der nor mal cir cum stances, we sup pose that in our ex am -
ples, the speaker/pro ducer fol lows the co op era tive prin ci ple, cf. Grice
1975, p. 45).  The speaker of both [2] and [3] ap par ently as sumes that
the ad dressee is in ter ested in a posi tive out come of a, i.e., on the con -
tent of b clause. But, at the same time, the speaker is re luc tant to com -
mit him/her self to the truth ful ness/re ali za tion/va lid ity of a “strong’’

state ment (zhub neš - you will lose weight; udělá zkoušku - he will pass
the exam) which, as a mat ter of fact, need not come true. So his/her use 
of an if-clause in [2] and [3] is mo ti vated by the speaker’s at tempt not
to vio late one of the sub max ims of qual ity (“Do not say that for which
you lack ade quate evi dence’’; Grice 1975, p. 46). As for [4] and [5],
they back up Grice’s claim that the con ver sa tional max ims ap ply not
only when ob served but also when opted out, flouted or vio lated
(Grice 1975, p. 49–50). In [4], the speaker’s use of the if-clause flouts
Grice’s sec ond sub maxim of quan tity (“Do not make your con tri bu -
tion more in for ma tive than is nec es sary’’; Grice 1975, p. 45), and the
sec ond and the third sub max ims of man ner (“Avoid am bi gu ity; Be
brief (avoid un nec es sary pro lix ity)’’); Grice 1975, p. 46). In [4], the
speaker’s ob vi ous goal is to make the ad dressee to do the dishes, so, in
or der to sup port this goal, s/he says more than is nec es sary (in di rectly
prom ises his/her own wa ter ing of the gar den). At the same time, s/he
avoids the un am bi gu ous form of the ut ter ance – the im pera tive do the
dishes, be cause such a di rect re quest might not be fa voura bly ac -
cepted. (One of the ad dressee’s pos si ble re ac tions in such a dia logue
might be Ne, ty umyj nádobí, a já zaliju zah radu - No, you do the
dishes and I will wa ter the gar den, i.e., the ad dressee could re ject the
speaker’s im plicit il lo cu tion ary point.) In [5], the use of the if-clause
flouts the maxim of rele vance – it is not clear why the ad dressee
should not let the speaker make a choice be tween stay ing at home or
not (why the speaker men tions it). In both [4] and [5], the func tion ing
of Grice’s max ims can be com pleted by Leech’s (1983, pp. 79–103)
con tri bu tion to the the ory of speech be hav iour, namely by his po lite -
ness prin ci ple and its sub or di nate max ims. In [4], us ing the if-clause,
the speaker ap plies the maxim of gen er os ity (mean ing “we will split
the do mes tic chores’’), in [5], the speaker of if-clause ap plies the
maxim of agree ment (mean ing “I do not want you to be of fended by
di rectly re ject ing your sug ges tion to go out’’). The if-clause in [5] is
a po lite hedge the func tion of which is to mod er ate the re jec tion.

4.1.2 The dif fer ence be tween [1] and [2] – [5] can be sup ported by
one more prop erty per tain ing to such eve ry day use of if-clauses. As
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has been shown (Geis & Zwicky 1971), in con nec tion with sen tences
like [1], where the implicative- causal re la tion of a and b holds, many
speak ers of a natu ral lan guage ex pect that this re la tion ap plies also un -
der ne ga tion, i.e., if non-a, then non-b (Geis & Zwicky 1971, p. 562):

[1a] Jestliže te plo ta nes toupne nad bod mrazu, sníh ne zač ne tát.
If the tem pe ra ture does not raise abo ve the free zing point, the snow does not start to
melt.

This re la tion may hold in the ex am ple above (which is not a ne -
gated im pli ca tion, Geis and Zwicky call it Con di tional Per fec tion;
Geis & Zwicky 1971, p. 563) but not in other cases. E. g., Jes tli se Jan
bude vyklánět z okna, spadne – If John leans out of that win dow any
fur ther, he will fall cer tainly does not im ply that if John does not lean
out, he will not fall. (John can fall for some other rea son.) Geis and
Zwicky call the re la tion of a and b clauses in such sen tences In vited
(sug gested) In fer ence (Geis & Zwicky 1971, p. 563).  Simi lar situa -
tion can be seen in our ex am ples [2] – [5].  

4.1.3 Our brief sketch of [2] – [5] as to kens of speech be hav iour in
eve ry day con ver sa tions  has shown that the if-clauses in them ob vi -
ously can not be con sid ered straight for ward coun ter parts of those ex -
press ing an implicative- causal re la tion like the if-clause in [1]. Their
in ter pre ta tion is based on em piri cal ex pec ta tions and on in fer ences
launched by con ver sa tional im pli ca tures. 

5. The if-clau ses in WP texts

5.1 Many WPs are, re gard ing their word ing and the na ture of data
pre sented in B, analogi cal to [1]. The if-clause in them does rep re sent
a suf fi cient con di tion for the cor rect so lu tion since there is an
implicative- causal re la tion be tween an ar ray of data in B and the an -
swer to the ques tion in C:

[6] Do knihku pectví do ruči li 6 kra bic nových učeb nic. Ko lik vážily vše chny kra bi ce
dohro ma dy, jestliže jed na vážila 10 kg?  

6 boxes of new text books we re de li ve red to a books tore. How ma ny ki lo grams did the
de li ve red boxes weigh al to gether, if each of them weighed 10 ki lo grams?  

[7] Ma rie právě zača la rekreačně běhat, běhá 11 km týdně. An na je lepší běžkyně. Ko -
lik ki lo me trů týdně An na uběh ne, když běhá třikrát víc než Ma rie?  

Ma rie has just star ted jog ging, she runs 11 ki lo me tres per week. An na is a bet ter
trained jog ger. How ma ny ki lo me tres does she run per week if she runs three ti mes
more than Ma rie? 

In [6] and [7], the implicative- causal re la tion is a way of ex press -
ing mul ti pli ca tion; it is based on an un am bi gu ous in put into that nu -
meric op era tion: if each of the boxes  weighs 10 kilo grams, then 6 of
them weigh 10 • 6.  If one per son runs 3 times more km per week than
a an other per son who runs 11 km per week, then the per son runs 3 • 11.
Func tion ing of if-clauses in [6] and [7] can be con sid ered proper and,
con sid er ing a WP text type, un marked/ba sic be cause they cor re spond
to the re quired struc tural model. 

5.2 In some other WPs, though, the re la tions of the as sign ment data 
to the re quired so lu tion seem less clear:

[8] Petr má 400,- Kč. Ko lik obědů ve školní jídelně si může zapla tit, jestliže ví, že
1 oběd stojí 37,- Kč? 

Pe ter has 400,- CZK. How ma ny lun ches in his school ca fe te ria can he buy right now,
if he knows that one lunch is 37 CZK?

In [8], the implicative- causal re la tion ex ists be tween the to tal sum
of money avail able and the number of lunches which can be pur chased 
for it (if 1 lunch costs 37 CZK, then the number of lunches for 400
CZk is 400 : 37; there will be 30 CZK left). Nev er the less, in [8], the lit -
eral word ing of the task does not pres ent the re la tion of the two num -
bers. It is Pe ter’s aware ness of the price of a sin gle lunch which is put
for ward as a con di tion suf fi cient for his abil ity to pur chase a cer tain
number of lunches. To in form the solver about be ing aware of some -
thing or know ing some thing is a piece of in for ma tion con cern ing
a cog ni tive at ti tude as cribed to Pe ter but it is not a fact (a pre req ui -
site/con di tion) nec es sary for de ter min ing the number of lunches to be
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bought. The number of lunches cal cu lated in [8] would be the same
even with out the clause if he knows that. The in for ma tion about Pe -
ter’s knowl edge for mu lated as an an te ce dent is not in an implicative-
 causal re la tion to the number asked for, the con se quent. It means that
in this case, the WP word ing can not be con sid ered pre cise. The if- clause 
rep re sents a re dun dant/su per flu ous in for ma tion which has to be
filtered off by the solver. More im por tantly, the word ing of [8] does
not state that Pe ter is obliged to spend all the money for his school
lunches – fol low ing the word ing, he can buy 6 or 7 of them and spend
the rest of cash some other way. The ex pected cal cu la tion is based on
a mere con ven tional as sump tion con nected to a type of WP (di vi sion
with re main der). In the next ex am ple the cal cu la tion is based on an as -
sump tion, too:

[9] Ma rie má 42 jablka. Když je roz dělí do 6 košíků, ko lik ja blek bu de v každém
košíku?

Ma rie has 42 ap ples. If she di vi des them in to 6 bas kets, how ma ny ap ples will be in
each bas ket?

The as sign ment in [9] as sumes that there will be the same number
of ap ples in each bas ket – which, of course, is not true since it has not
been ex plic itly stated. Ex am ples like [9] count on pu pils’ ex pe ri ence
with simi lar WPs, see par. 6.2 be low.

Ex am ple [10] rep re sents a slightly dif fer ent case, nev er the less, it
re lies on a con ven tional as sump tion, too:  

[10] Ma rie a An na sbíra ly na práz dni no vé brigádě ja ho dy. Výdělek byl 10 Kč za 1 kg.
Na kon ci směny dos ta ly dohro ma dy 1180,- kč. Ko lik ko run dos ta la Ma rie, když An na
nasbíra la o 25% víc?

As a one- day sum mer job, Ma rie and An na picked straw ber ries at a farm. The pay was 
10 CZK per ki lo. At the end of their shift, they we re paid 1180,- CZK al to gether. How
much did Ma rie get if An na picked 25% straw ber ries more than Ma rie?

In [10], the task to be solved builds on an con ven tional as sump tion
that the pro por tional share of the money re ceived by each of the girls is 
iden ti cal with the picked amount of straw ber ries, i.e., if Anna picked

25% more straw ber ries, then she gets 25% more money than Marie. It
is a situa tion analo gous with ex am ples [2] – [3] above. The data de -
scrip tion in the as sign ment does not al low an un am bi gu ous cal cu la -
tion: Anna might have picked 25% more straw ber ries than Marie but
her straw ber ries might get dam aged be fore turn ing them in so in fact
the amount of her straw ber ries might have been smaller. The task for -
mu la tion in (10) re lies on con ven tional ex pec ta tion, not on an un am bi -
gu ous as sign ment for mu la tion (e.g., Anna odevzdala o 25% víc –
Anna turned in 25% straw ber ries more than Marie). A com pa ra ble
text ar range ment oc curs in [11]:

[11]  Zoo chová 6 žiraf. Krmi vo pro ně stojí 49 980 Kč týdně. Pokud se zoo rozhod ne
kou pit další dvě žirafy, ko lik bu de týdně stát krmi vo pro vše chny? 

A zoo keeps 6 gi raf fes. Their feed costs make 49 980 CZK per week. If the zoo de ci -
des to ac quire 2 more gi raf fes, how much will make their weekly feed costs al to -
gether? 

The rec quired cal cu la tion in [11] tac itly re lies on as sump tions that
each of the kept ani mals con sumes the same amount of feed and that
the zoo or ders the same amount of feed every week.  

5.3 On the other hand, authors/pro duc ers of some WPs take the im -
por tance of the in put data na ture into ac count:  

[12] Ja na chystá ham bur ge ry na odpo lední gri lování. Má tři balíčky mle té ho ma sa,
kte ré váží 625 g, 545 g a 824 g. Jestli každý při pra vený ham bur ger bu de vážit asi 125
g, ko lik celých ham bur gerů může Ja na udělat?  

Ja na is ma king ham bur gers for a bar be cue. She has bought three pack a ges of ground
beef with mas ses of 0.652 kg, 0.545 kg, and 0.824 kg. If each ham bur ger she ma kes
has a mass of about 0.125 kg, how ma ny who le ham bur gers can she make?1  

Word ing of [12] seems to be us ing the same for mu laic stereo type
as [10] and [11]. The pro ducer, though, is aware of the fact that in this
case, sim ple di vi sion (2.021 kg : 0.125) can not bring a re al is tic re sult,

1 This WP has been adopted from  http://k12resources.nelson.com/math/97801
76813659/student/attachments/a_student_text/nm8sb062.pdf [retrieved 22. 7. 2019].
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hence the use of asi – mass of about and celých - whole ham burg ers,
i.e., an ad di tional (this time im por tant) piece of in for ma tion tell ing the
solver that the re main der in the di vi sion cal cu la tion can be ne glected.
In some other WPs, the for mu laic stereo type re ly ing on a con ven tional 
as sump tion is in ten tion ally dis claimed and the pro ducer openly points 
at the fact that the in put data rep re sent a mere as sump tion:

[13] Dvě nákladní au ta vozí ma te riál na stavbu. Menší uve ze 4 tuny, větší 6 tun.
Dohro ma dy by lo při ve ze no 44 tun ma te riálu. Větší au to při vezlo o je den náklad méně
než menší. Ko likrát každé au to je lo, když předpokládáme, že po každé by la obě plně
na ložena?

Two lor ries bring ma te rial to a cons truc tion site. The smal ler of them has the car rying
ca pa ci ty of 4 tons, the big ger one can car ry 6 tons. Al to gether they have brought 44
tons of ma te rial. The big ger truck brought one load less than the smal ler one. How ma -
ny dri ves each of them made, if we sup pose that eve ry time both of them we re ful ly
loa ded?2

Here, the pro ducer as cribes the men tioned cog ni tive at ti tude (sup -
po si tion) to him/her self, or, more ac cu rately, in the form of an in clu -
sive plu ral před pokládáme/we as sume both to him/her self and the
solver. (In the WPs, the use of we with the mean ing of the in clu sive
plu ral can be in ter preted as a mani fes ta tion of shared ac tiv ity, i.e.,
a fac tor sup port ing the suc cess ful com mu ni ca tion to wards the solver
and, in that way, en hanc ing a chance for a suc cess ful so lu tion.) Such
an as sign ment varia tion does not in flu ence the model of cal cu la tion
but it ob serves a re quire ment of explici te ness/pre ci sion of the for mu -
la tion.

5.4   Ex am ples [8] – [11], un like [6] and [7], or the use of if-clauses
in them, rep re sent a kind of a for mu laic stereo type oc cur ing in many
WPs: Since a WP cal cu la tion should be based on an implicative-
 causal re la tion and since most of WPs with an if- clause re flect such
a real implicative- causal re la tion, every use of an if- clause in a WP is
ex pected to be in ter preted that way even though it cor re sponds rather
to the lay use of if. The sto ries in [8] – [11] seem to ne glect the ex tra -

lin guis tic re al ity, namely the ref er en tial po ten tial of the lexi cal items
nam ing the “data car ri ers’’ (pur chase of lunches, straw ber ries pick ing, 
ani mal feed) in their as sign ments; they also ne glect pu pils’ pos si ble
ex pe ri ence with such real world phe nom ena. The as sump tions those
WPs are based on are con nected to WPs tex tual stereo typy. 

6. Are the lay if-cla uses in ap pro priate?

6.1 We have al ready seen that in many com plex sen tences us ing
if-clauses, the re la tions of clauses can not be con sid ered proper
implicative- causal ones. Does it mean that such a lay use of if-clauses
should be cor rected, at least in mathe mat ics teach ing? Or, re gard ing
the re quired suc cess ful so lu tion of a WP, can such an im pre cise use of
of a con nec tion be a prob lem atic (dif fi culty caus ing) fac tor? In 4.1 we
have seen that in or di nary con ver sa tion, an as sumed (ex pected or ob -
served) con nec tion be tween two phe nom ena is gen er ally un der stood
as an equiva lent of an implicative- causal re la tion, i.e., the if-clauses in
[2] and [3] are not seen as in ap pro pri ate. The “prag matic pro pri ety’’
holds with [4] and [5], too, even though the use of if-clauses in them is
chiefly mo ti vated by the goals of the speaker’s speech be hav iour
(his/her goals in the act of com mu ni ca tion) and that func tion ally, they
may re flect vari ous as pects of the speaker- addressee mu tual re la tions,
not al ways ra tional. In WPs like [8] – [11], the if-clauses were ap par -
ently mo ti vated not by con ver sa tional im pli ca ture but by the pro -
ducer’s fol low ing the pat tern shown in ex am ples [6] and [7] which are
struc tur ally/mathe mati cally ap pro pri ate. The if-clauses in WPs simi -
lar to those in [8] – [11[ could be con sid ered in ap pro pri ate if they were 
proven as in fa voura bly in flu enc ing the rate of suc cess ful so lu tions of
WPs with them. In the proj ect we re ferred to in 2.1, the pres ence of
if-clauses not ex press ing the implicative- causal re la tion was tested to -
gether with other fea tures (mostly with struc tural ones, but also to -
gether with the or der of in for ma tion and the pres ence of a dis trac tor
word). In none of the tests, the im proper if-clauses did turn out to be
a ma jor fac tor caus ing in cor rect so lu tions (cf. Von drová et al. 2019,
pp. 171–172). 2 The source of this WP is Kotyra & Sivošová, 1997, p. 14.                
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6.1.1 The WPs with if-clauses were tested in grades 3, 4, 6, and 8.
In the test ing ma te ri als, the pu pils were pre sented with pairs of WPs;
one of the varia tions in cluded a com plex sen tence with an if-clause,
the other one used two in de pend ent sen tences. The first was struc tur -
ally iden ti cal with [6] above, its varia tion is [14]:  

[14] Do knihku pectví do ručili 6 kra bic nových učeb nic. Jedna kra bice váží 10 kg. Ko -
lik váží všechny kra bice dohro mady? 

6 boxes of new text books were de liv ered to a book store. Each of them weighed 10
kilo grams. How many kilo grams did the de liv ered boxes weigh al to gether? 

In gen eral, the test ing found out that the in flu ence of in/ex plicit
word ing was lower than ini tially ex pected.

6.1.2 The implicative- causal re la tion oc cur ing be tween parts B and 
C de fines the prin ci pal func tion of a WP, it is al ways pres ent, even
though it is not ex pressed ex plic itly or prop erly. Let us as sess ex am ple
[15] which can be con sid ered a varia tion of [7] above (both rep re sent
the same struc tural/mathe mati cal model:

[15] Marie běhá 11 km týdně. Je to 1/3 toho, co běhá týdně Anna. Ko lik kilo me trů
běhá Anna za 4 týdny?

Marie runs 11 kilo me tres a week. It is 1/3 of what Anna runs a week. How many kilo -
me tres runs Anna in 4 weeks? 

There is no if- clause in [15] but the re la tion of data in the as sign -
ment [7] and in [15] (just as in [6] and [14]) above) and the op era tions
to be done can have a sin gle re sult; they do not al low ad di tional cir -
cum stances to be taken into con sid era tion: If 11 (km) is 1/3 of Anna’s
weekly track, then Anna runs 6 • 3 miles a week. In 4 weeks, Anna
runs (6 • 3) • 4. The other dif fer ence be tween [7] and [15] is the pres en -
ta tion or der of data and, as a re sult, their level of dif fi culty: since [15]
re quires a hi er ar chi cal re ar range ment of the in put data, it is more dif fi -
cult. As for the in flu ence of the or der of data, it has been shown that
the so- called mixed or der of data (not cor re spond ing to the se quence
of op era tions needed to solve a WP) makes the prob lem more dif fi cult. 
Cf. Hem bree 1992; Vicente et al. 2008). But the so lu tions of WPs

where the implicative- causal re la tion was not ex actly and pre cisely
for mu lated (simi larly to [8] – [11]) were not ad versely af fected. It is
ap par ent that it is the WP model which suggests the pres ence of
a “regu lar’’ re la tion of data in B and the task in C, even though the for -
mu la tion of a WP as a whole may be un der de ter mined (im pre cise).

6.2 It was pre sumed that ver sions such as [14] or [15], i. e., the ver -
sions split ting the com plex sen tence in two will be eas ier than the ones
with the if-clause (the shorter sen tences are eas ier to grasp). It is
beyond the scope of this pa per to pres ent the meth od ol ogy of our re -
search in its com plex ity, the reader is re ferred to Von drová at al. 2019.
In the fol low ing, we pro vide only a sam ple.  

6.2.1 Each vari ant was solved by 60 to 120 pu pils; it was as signed
to equally com pe tent groups (de ter mined with the use of tech niques of 
the Item Re sponse The ory – IRT). In or der to iden tify the dif fer ences
of the pu pils’ achieve ment be tween the vari ants, an in de pend ent two-
 sample t- test was used. The re sults (de scribed in de tail Vondrová et al.
2019, pp. 189–208) showed that the as sumed in flu ence of the if-clause
pres ence is not as straight for ward as ex pected. Its in flu ence on the WP 
dif fi culty was de tected only when com bined with an other com pli cat -
ing vari able.  In the grade 8 test pa pers, the fol low ing pair (Vondrová
et al. 2019, p. 404) was used:

[16] Ševčík ovi byli na do vo lené v ho telu. Na každých 21 eur za jídlo pro do spělé ro -
diče zapla tili 30 eur za jídlo pro děti. Když za jídla pro do spělé zapla tili 630 eur, ko lik
utra tili za jídlo celkem?

The Sevcik fam ily took their sum mer holi day in a ho tel. To each 21 EUR for the meals 
for adults, the par ents paid 30 EUR for meals for chil dren. If they spent 630 EUR for
the meals for adults, how much did they spend for food al to gether?

[16a] Ševčík ovi byli na do vo lené v ho telu. Na každých 21 eur za jídlo pro děti ro diče
zapla tili 30 eur za jídlo pro do spělé. Za jídlo pro do spělé zapla tili 630 eur. Ko lik utra -
tili za jídlo celkem?

The Sevcik fam ily took their sum mer holi day in a ho tel. To each 21 EUR for meals for 
chil dren, the par ents paid 30 EUR for the meals for adults. They spent 630 EUR for
the meals for adults. How much did they spend for food al to gether?
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Both [16] and [16a] rely on an as sumed shared ex pe ri ence that the
price of the meals for chil dren is usu ally lower than that for adults. The 
varia tion [16] where this as sump tion (Mar tin and Bas sok, 2005, speak 
about “se man tic cues”) was pur pose fully vio lated (the food for chil -
dren was more ex pen sive) turned out to be more dif fi cult even though
it in cludes a proper if-clause. Table 1 presents nu meri cal re sults for the
pair [16] – [16a]. The dif fer ence in dif fi culty was sta tis ti cally sig nifi -
cant. 

Table 1. Parameters for the Sevcik Family problem (Grade 8) and results of a test:
N – number of pupils, a – discrimination, i. e., potential of a problem to diffe-
rentiate between pupils as for a lower/higher level of competence); b – diffi-
culty; s. e. – standard error). For the detailed analysis, see Vondrová et al.
2019, pp. 41–56. 

N Success
rates a s. e. (a) b s. e. (b)

if-clause 118 42 % 1.21 0.26   0.38 0.18

no
if-clause 120 56 % 1.90 0.37 –0.08 0.13

Both [16] – [16a] can be con sid ered to kens of an implicative-
 causal re la tion; the use of an if-clause was not “im proper”. It was the
vio lated as sump tion con cern ing the food ex penses in [16] and [16a]
which ap par ently claimed solv ers’ at ten tion first; that moves this WP
to wards those based on an in vited in fer ence (i.e., those with the “im -
proper” use of if). 

7. Con clu sions 

7.1 In 3.1 above, we have shown a gen eral text- pattern of a WP.
There can be cer tain varia tions in the for mu la tion of a B part (such as
in the or der of data, un fa mil iar con text, etc.) but the pres ence of an
if-clause (or, more ex actly, the pres ence of an implicative- causal re la -
tion) in a C part seems to be one of the prop er ties con ven tion ally (in
the sense of a com mu ni ca tive con ven tion) es tab lish ing a WP. (An -
other fre quent con ven tion, the ex pec ta tion al ways to di vide a num-

ber/amount into iden ti cal parts, see [9], [10], and [11], was men tioned
in 5.2.) In mathe mat ics teach ing, pu pils en coun ter WPs since their
early age (1st grade) so they are well ac quainted with the WP model
and the ba sic re quire ments of its so lu tion. The implicative- causal re la -
tion in tro duced in part B/ and for mu lated in C/ ap par ently de fines the
prin ci pal func tion of a WP.  

7.2 In the logi cal the ory of rea son ing/ar gu men ta tion con cern ing
the re la tions “if a – then b“ (plus if non-a then non-b; b, be cause a), cf.
Toul min 2003: 96-100, the scheme of ar gu men ta tion is ex ten sive and
rather com plex. In trea tises deal ing with ways of rea son ing in natu ral
lan guage (van Dijk 1973; Karlík 1995; Lev in son 2000), it has been
stated that com plex sen tences con vey ing a state ment that if a, then b
mostly rely on in ter locu tors’ knowl edge/ex pe ri ence of a stan dard/ha -
bit ual con nec tion be tween phe nom ena (to gether with other in for ma -
tion per tain ing to speech be hav iour). In our opin ion, these find ings
can ac count for the gen eral use of the for mula “if a, then how many
bs’’, etc. in WPs. Since the pres ence of an implicative- causal re la tion
is a con sti tu tive prop erty of any WP to ken as a rep re sen ta tive of a text
type, the solv ing pro ce dure lead ing to a re quired so lu tion can build on
the un der de ter mined for mu laic stereo types (lead ing to cus tom ary in -
fer ences) as suf fi cient for the nec es sary op era tion. In other words, it is
the aware ness of the WP text type (the pre vi ous ex pe ri ence with it)
that gives the im pe tus to the mod el ling pro cess. For that rea son, pu -
pils’ WP solv ing ac tiv ity can be con sid ered meta- communicative –
the pres ence of the implicative- causal re la tion is it self im pli cated by
a WP text type (it is ex pected to be pres ent in it). At this stage of their
school ing, pupils’ rec og ni tion of a text as a WP be comes an im por tant
part of their edu ca tional com mu ni ca tive com pe tence within the pro -
cess of their math learn ing and, in a broader sense, of their edu ca tion
in gen eral.
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