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Abstract
With the multiplication of various functional projections, syntactic structures became 
very complex entities. Approaches like Cartography (e.g. Cinque and Rizzi 2008) went 
one step further than most other approaches, proposing that each sentence comprises 
of a  number of universal, strictly ordered functional projections. In the noun phrase, 
the strictly ordered functional projections are said to be responsible not only for the 
relative order of numerals, demonstratives and nouns (cf. Cinque 2005), but also for 
the universal order of various types of adjectives (cf. Hetzron 1978; Sproat and Shih 
1991; Cinque 1994; Scott 2002, etc.). Cinque and Rizzi (2008) discuss possible origins of 
the many hierarchies of functional projections and suggest that they might derive from 
general cognition. If cognition and its restrictions are behind the hierarchy of functional 
projections, then the order of projections hosting adjectives should be reflected in vari-
ous non-linguistic cognitive processes. We designed several experiments to test this hy-
pothesis. Our experiments did not confirm our hypothesis; but as we have also identified 
problems in the design of our experiments, our results do not warrant a clear rejection 
of the hypothesis either.
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1. Background

Sentences are composed of lexical words that are linked together with the 
help of grammatical/function words. Whereas the number of different lexi-
cal phrases is fixed by the number of different lexical categories (verbs head 
the VP, nouns head the NP, etc.), the list of different functional categories, and 
in particular functional syntactic projections/phrases, is much longer and still 
growing. Just like the sheer identity of functional projections, the question of 
their relative order in the syntactic structure has also not been resolved. The 
main functional projections making up the core spine of the entire sentence 
are widely accepted to be ordered in the hierarchy CP > TP > vP, but these are 
far from being the only functional projections that have been proposed. An ex-
treme position in this respect is represented by the cartographic approach to 
syntax (Cinque and Rizzi 2008). Rizzi (1997) and Cinque (1999) proposed that 
each of these three core functional projections of the clausal spine should itself 
actually be seen as consisting of a number of projections, altogether forming 
a sequence of 35 separate, strictly ordered projections. The situation is similar 
in the noun phrase domain, which cartographic research has argued to con-
sist not only of the sequence DP > NP but of a much more elaborate sequence.

Cartography focuses on the functional make-up of syntactic structures and 
looks for the smallest amount of syntactic material that minimally increases 
a syntactic unit, i.e. features, and the order in which they are introduced into 
the structure. In the center of the cartographic approach is the assumption 
that lexical heads are dominated by hierarchically ordered functional projec-
tions. The head of each functional projection hosts one feature, which is relat-
ed to one (morphosyntactic) property (Cinque and Rizzi 2008). Cartography 

“draws” precise maps of these functional hierarchies.
Evidence for the relative order within sequences of functional projections 

typically comes from crosslinguistic restrictions on the order of various ele-
ments. Such observations are in the center of the cartographic approach. Cinque 
(1999) and Rizzi (1997) developed their view of a more elaborate landscape of 
the CP-, TP-, and vP-domains describing crosslinguistic similarities in the word 
order of adverbs in the IP/vP area and the order of different elements in the 
CP, respectively. But many word-order generalizations have been made also for 
noun-phrase internal elements. For example, Greenberg (1963) described an or-
dering restriction on cooccurring demonstratives, numerals and adjectives and 
proposed a generalization stating that in languages with prenominal demonstra-
tives, numerals and adjectives appear in the order Dem > Num > A > N. Anoth-
er old observation suggests that attributive adjectives crosslinguistically come in 
a uniform order (cf. Hetzron 1978; Sproat and Shih 1991, etc.).

When charting the hierarchies of functional projections, researchers typi-
cally focus on the number of functional projections and their order. In this 
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paper, however, we build on previous studies of the hierarchy of functional 
projections that host adjectives in the noun phrase to explore another funda-
mental question asked by cartography: What is the source of the functional hi-
erarchies? We address this question by exploring whether we can find traces 
of the proposed hierarchy outside of language, and more specifically, whether 
the universal hierarchy of functional projections is related to general cognition. 
Asking a  similar question about the universal sequence demonstrative >  nu-
meral >  adjective >  noun (Greenberg’s 1963, generalization 20), Culbertson 
and Adger (2014) argue that it is rooted in general cognition. Even more relat-
ed to the topic of this paper are the findings of Scontras et al. (2017) and Ko-
towski and Hartl (2019), who argue that the universal sequence of adjectives 
has origins in more general cognitive principles. To motivate the approach that 
we are taking to address the above question, we need to have a closer look at 
the functional make-up of the noun phrase.

2.  The hierarchy of functional projections  
in the noun phrase

As mentioned above, the fundamental assumption we make in this paper is 
that languages share uniform sequences of functional projections (following 
Rizzi 1997; Cinque 1999; Cinque and Rizzi 2008, etc.). Furthermore, we as-
sume that these functional projections come on top of lexical heads and appear 
in a fixed universal order. The specific sequence we intend to investigate is the 
one that has been proposed to exist inside the noun phrase, the lexical core of 
which is, naturally, the noun. The functional projections above N0 host various 
adnominal elements, including (but not limited to) determiners, quantifiers, 
demonstratives, numerals, and attributive adjectives. We will focus on the part 
of the sequence that is responsible for attributive adjectives.

Crosslinguistically, attributive adjectives typically appear in a fixed word 
order (Hetzron 1978; Dixon 1982; Sproat and Shih 1991, etc.). For example, 
English (1a) and Slovenian (2a) are acceptable, whereas English (1b) and Slo-
venian (2b) are not.

(1) a. a huge green book b. * a green huge book

(2) a. ogromna zelena knjiga b. * zelena ogromna knjiga
  huge         green  book  green   huge        book
  ‘huge green book’  ‘green huge book’

For the cartographic model, this is a direct result of the hierarchy of functional 
projections that host attributive adjectives. This idea, developed from Cinque’s 
(1999) proposal for adverbs in the IP, is in the center of Scott’s (2002) pro-
posal for adjective ordering restrictions (AOR), which are taken to be a direct 
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consequence of the hierarchy of functional projections. Importantly, when 
determining the order of adjectives to chart the landscape of functional pro-
jections in the NP, adjectives orders should be compared in neutral intona-
tion, i.e. without a comma intonation, focus, etc. The functional field of the 
NP has been charted to varying degrees by several authors,2 with Scott (2002) 
advancing what is perhaps the most detailed proposal for a  universal hier-
archy of functional projections which host attributive adjectives, a hierarchy 
which also includes several classes of adjectives which had previously not been 
considered. As in all similar approaches to AORs, adjectives fall into separate 
classes based on their meaning: for example, young, old, green, ancient, mod-
ern, elderly, etc., fall into the age class, adjectives like long and short into the 
length class, etc. The “map” of the functional projections that host attributive 
adjectives therefore includes the ordering of these classes. Finally, under this 
view, adjectives themselves appear in the specifiers of functional projections 
nested between the DP and the NP. The order of these projections is shown in 
(3) below:

(3)  Determiner >  ordinal number >  cardinal number >  subjective com-
ment > ? evidential > size > length > height > speed > ? depth > width 
> weight > temperature > ? wetness > age > shape > color > national-
ity/ origin > material > compound element > NP (Scott 2002: 114, [47]).

For cartographers, then, AORs fall out as a natural consequence of this pro-
posed hierarchy. Concretely, the acceptability of (4a) in contrast to (4b) below 
is a consequence of the existence of this hierarchy: since the functional projec-
tion that hosts adjectives for age dominates the projection that hosts adjectives 
for color, the acceptable linear word order is the one in which the adjective old 
precedes the adjective red.

(4) a. an old red book  b. *a red old book

As Scott (2002: 110) notes, the hierarchy of FPs in the DP is not language spe-
cific but is rather “almost certainly” universal with respect to hierarchical di-
rect modification, though perhaps not with respect to the specific fine-grained 
order of FPs. Scott (2002) provides supporting data from English, Finnish, 
Ibibio, Malayalam, Welsh, Swedish, Serbo-Croat and German. At least parts 
of this hierarchy have also been proposed as holding in Italian (Cinque 1994; 
Ramaglia 2011) and Russian (Pereltsvaig 2007). We will not go into the details 

2 For example, Dixon (1982) arrives at the order in (i), Sproat and Shih (1991) at the order of 
adjectives in (ii), and Cinque (1994) proposes the structure in (iii) for object denoting nominals: 

(i) value >  dimension >  physical property >  speed >  human propensity >  age 
> color

(ii) quality > size > shape > color > provenance
(iii) possessive > ordinal num > quality > size> shape > color > nationality (i.e. 

provenance)
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of Scott’s hierarchy or try to find further crosslinguistic confirmation for the 
entire hierarchy, but we do want to mention that the same hierarchy has (at 
least partially) been found to hold also in Slovenian. The same order was in 
fact described for Slovenian already in traditional grammars, for example 
Toporišič (2000):

(5)  subjective property (lovely) >  objective property (small/beautiful/
wild ...) > age (young/old/new/modern…) > color (red) > participles (bro-
ken) > source/nationality (German)

And a  subset of this order was empirically confirmed for Slovenian by 
Plesničar (2017), who focuses on adjectives for size, shape, color, and origin 
and shows that these appear in the order in (6).

(6) size > shape (>) color> origin

However, Plesničar (2017) also notes that in Slovenian adjectives for shape 
and color are not completely irreversible. This is not completely unexpected, 
Pereltsvaig (2007) similarly found that different orders are often found equal-
ly acceptable for pairs of adjectives that are members of groups that are close 
in the hierarchy. Also important is the fact that cross-linguistic variations in 
word order of adjectives are not excluded, as Scott (2002) himself notes, and 
can be a consequence of, for example, movement (Cinque 2005).3

To sum up, given these cross-linguistic data, we assume a universal hierar-
chy of functional projections hosting adjectives inside the noun phrase. Given 
the existence of a sequence of functional projections, one question that needs 
to be addressed is where the hierarchy of functional projections comes from.4 
Naturally, our question could be restated in a theory that does not accept the 
existence of functional projections, namely, we would be asking what extra-
grammatical properties influence the universal adjective order. This is the ap-
proach of Scontras et al. (2017) and Kotowski and Hartl (2019). Given our 
starting assumptions, we will keep talking about the functional hierarchy, but 
we are really interested in finding extragrammatical basis that ultimately result 
in cross-linguistically fixed order of adjectives.

3 Other factors also play a role, for example, Pereltsvaig (2007: 65) observed that English 
speakers preferred shorter adjectives to come before long adjectives (length is measured in the 
number of syllables). Kotowski and Hartl (2019) discuss temporariness and weight as potential 
factors and conclude that they do not reliably predict adjective order, although this need not 
mean that they never contribute to ordering preferences with adjective sequences.

4 Other questions, naturally, can also be asked. One is the question of the exhaustiveness 
of the currently proposed classes: are there other classes of adjectives in the NP (e.g. a class of 
adjectives for taste, smell, etc.), and if yes, where in the hierarchy is their place. Another is what 
types of movement can take place in the NP.
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2.1. The source of universal hierarchy of functional projections
Different proposals have been made in the past with respect to the source of 
the universal hierarchies, and this section will briefly review them. A some-
what radical suggestion is that all of these hierarchies are simply part of Uni-
versal Grammar, as proposed by Scott (2002), who notes that “[c]onjectures as 
to the psycholinguistic motivation for AOR need not be posed: AOR fall out as 
a direct consequence of UG” (Scott 2002: 97). But of course, this only changes 
the question to ‘What is the source of this hierarchy in UG?’ Cinque and Rizzi 
(2008) note that it seems implausible that hierarchies would be part of a UG 
that is completely isolated from other cognitive systems, just as it seems im-
plausible that they are solely a cultural property. So even if they are part of UG, 
they might be somehow related and originating in other cognitive systems.

Recently, Scontras et al. (2017) argued that AORs are a result of the prop-
erties adjectives denote, whereby less subjective adjectives are placed closer to 
the noun than more subjective adjectives. It seems, therefore, that AORs are 
claimed to be based on an extralinguistic criterion. More concretely, Scontras 
et al. (2017) found a correlation between the distance of the adjective from the 
noun and the perceived average subjectivity of the adjective group it belongs 
to. Note, however, that given this finding, we can also expect – everything else 
being equal (length, morphological makeup, etc.) – that not all adjectives with-
in a group will pattern in exactly the same way, as there can be different levels 
of subjectivity also within a group. Consider, for example, boiling and warm. 
While both seem to belong to the same group of ‘temperature’, boiling clearly 
has a less subjective meaning than warm. If it is subjectivity that determines 
adjective positioning, one would expect boiling to appear closer to the noun 
than other, more subjective temperature adjectives. Similarly, the suffix -ish in-
creases the subjectivity of the adjective it attaches to, with reddish thus being 
more subjective than the red. Given Scontras et al. (2017) finding, we would 
then expect to find reddish further away from the noun than the less subjective 
color adjective red. Given our intuition about the order of Slovenian adjectives, 
none of these predictions are borne out, as shown in (7) and (8) respectively.

(7) a. ledeno-mrzlo staro nemško pivo b. hladno staro nemško pivo
  ice-cold old German beer  cold old German beer

(8) a. kvadraten rdečkast lesen zaboj b. kvadraten rdeč lesen zaboj
  square reddish wooden crate  square red wooden crate

Both pairs of adjectives behave alike and seem to be placed in the same posi-
tion within the sequence of adjectives as the less/more subjective element of 
the pair.5

5 Note that we do not find the reverse orders of (7a) and (8a) completely impossible, but we 
need to stress that the reverse orders of the ones presented in (7) and (8) are equally available for 
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Of course, we are basing these subjectivity rankings on our intuitions, but 
this is essentially how Scontras et al. were measuring ‘subjectivity,’ too: subjects 
had to report the perceived subjectivity of individual adjectives. Similarly to 
Scontras et al.’s subjectivity, other components of adjective meaning had been 
proposed to be the factor determining adjective ordering: based on previous 
studies, Martin (1969), for example, suggested that definiteness of denotation 
(i.e. the stability of adjective meaning independently of the noun) plays a cru-
cial role in adjective ordering – see Scontras et al. (2017) for an overview of 
Martin (1969) and similar proposals.

There is another line of proposals which, in one way or another, explicit-
ly place the root of functional hierarchies in general cognition. For example, 
Cinque and Rizzi (2008: 53) mention that elements which are included in the 
hierarchy are essentially a “linguistic crystallization of a particular set of cog-
nitive categories among the many more that simply do not find a grammati-
cal encoding in UG.” For example, adjectives for color (such as red) are sim-
ply how we encode one variety of the concept of color. Similarly, we also find 
accounts which mention that general cognition is the most prominent source 
of the hierarchy since language reflects how concepts are composed, as per 
Ramchand and Svenonius (2014), who argue for cognition as the source of the 
functional sequence on the basis of the cognitive tendency to understand ex-
perience in terms of events, situations and propositions (the composition of 
which mirrors the syntax of the clause). A similar proposal is mentioned in 
Kotowski and Hartl (2019), who mention Eichinger (1991) as associating ad-
jective order preferences with memory capacities and a strategy of the cogni-
tive system to reduce complexity.6

Finally, a different role is ascribed to the meaning of adjectives by Teodo-
rescu (2006), who observes that adjective ordering restrictions do not apply 
when reversing the order of two adjectives results in structures that are truth-
conditionally distinct (see also Svenonius 1994 for a similar observation). In 
(9), for example, the two word orders have the same interpretation, and the 
order in (9a) is preferred because of AOR; in (10), on the other hand, the two 
variants contain different structures with different interpretations, so the order 
of the two (operator) adjectives appears not to be restricted by AOR.

(9) a. vegetarian Russian lawyer b.# Russian vegetarian lawyer (Teodorescu 2006: (1))

(10) a. a famous former actor b. a former famous actor (Teodorescu 2006: (12))

both elements of the pair. Thus, to the extent that a reddish square wooden crate sounds possible 
in Slovenian, so does a red square wooden crate.

6 Here we could add Champollion (2006), who attempts a game-theoretic account of adjec-
tive ordering restrictions, although he eventually suggests that AORs are potentially cognitively 
imposed and mutually known to all speakers.
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Truswell (2009) mirrors this observation and argues, based on data collected 
from the internet with Google, that the meaning of adjectives plays a role in 
AORs in the sense that subsective adjectives dominate intersective adjectives, 
although he does also claim that the order of intersective adjectives is essen-
tially free, which is not expected given the results in Scontras et al. (2017) or 
Pereltsvaig (2007) and similar empirical studies.

In this paper we will also focus on general cognition as a possible source 
of the universal hierarchy of functional projections that host adjectives. Given 
the large number of different types of adjectives and the lack of consensus as to 
what is the correct typology of adjectives, we limit ourselves to three classes of 
adjectives whose existence seems widely accepted: color, shape, and size. Our 
basic assumption is that if what determines the hierarchy of functional projec-
tions and the adjective ordering restrictions is cognition and its restrictions, 
then we can expect to find a reflection of the specific order of projections host-
ing adjectives in non-linguistic cognitive processes. In what follows, we report 
on a series of experiments that we designed to test this prediction, discussing 
both the results themselves and the methodological issues that we detected.

3. Experiments

The goal of the experiments which we will discuss in this part of the paper was 
to investigate if the universal order of adjectives (and the hierarchy of func-
tional projections hosting them) is rooted in nonlinguistic cognitive domains. 
If this is the case and what is behind the hierarchy is general cognition and its 
restrictions, then the order of projections hosting adjectives should also be re-
flected in non-linguistic cognitive processes. To test this prediction we focus 
on size, shape, and color, that is, concepts which are grammatically encoded 
in adjectives for size, shape, and color.

The adjectives for size, shape, and color are widely claimed to come in the 
order presented with Slovenian data in (11) and (12) (Sproat and Shih 1991; 
Cinque 1994; Scott 2002, a.o.).

(11) a. velik rdeč balon vs. *rdeč velik balon size > color
  big red balloon  red big balloon

 b. velik okrogel balon vs. *okrogel velik balon size > shape
  big round balloon  round big balloon

 c. okrogel rdeč balon vs. ?rdeč okrogel balon shape > color
  round red balloon  red round balloon

(12) size  > shape  > color
 velik okrogel rdeč balon
 big round red baloon
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Following Scott (2002) (also Cinque 1994), the observed order of these three 
classes of adjectives is a consequence of the ordering of functional projections 
in the DP, as shown in (13).

(13) 
…

SizeP

small ShapeP

round ColorP

red NP

object

A substantial part of the linguistic literature claims that syntactic struc-
ture is built bottom-up (Chomsky 1995, 2000, etc.), which means that what 
lies lower in the syntactic structure enters the syntactic derivation sooner 
and stays in the derivation longer than what lies higher. This suggests that 
the lower elements might receive some sort of bias. Further, a  large num-
ber of acquisition studies found that the acquisition of syntactic structure 
also proceeds bottom-up (Radford 1996; De Cat 2000; Hulk 2004; Vainikka 
and Young-Scholten 2011, a.o.), which also suggests that the lower syntac-
tic elements are somehow more prominent compared to the elements from 
the higher functional projections.7 In other words, there seems to be some 
bias for the syntactic elements located in the lower functional projections 
over the elements from located in the higher functional projections. Con-
sequently, we assume that if the syntactic hierarchies have some parallel in 
the organization of extralinguistic cognitive domains, such as the concepts 
of size, shape, and color, we can also expect some sort of bias for the 
concepts that correspond to the properties denoted by adjectives expressed 

7 For example, in acquisition studies of English, it has been found that the noun phrase 
is acquired gradually: when children start using nouns, they first use bare nouns, then they 
start using plural inflection and later still they start adding instances of more formal inflection, 
such as the possessive (‘s) and the case of pronouns (he vs. him). This order of acquisition cor-
responds to the functional make up of the noun phrase, where the NP (where the noun is) is 
the lowest projection, the DP (where the possessive ‘s is) the highest, and the plural inflection 
is somewhere in-between (cf. Radford 1996).
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in the lower functional projections.8 Put differently, we predict that we will 
find a preference for color over shape (over size) in certain non-linguistic 
tasks since color concepts are, among these three groups, related to and ex-
pressed by adjectives that are located in functional projections closest to the 
lexical head. In a categorization task, for example, subjects’ reactions should 
reveal color as the most prominent out of the concepts of color, shape, 
and size. If such a bias is detected, it could be taken as an argument for the 
claim that AORs derive from extralinguistic properties of general cognition 
and that (given our assumptions about the functional hierarchy hosting ad-
jectives) also for the idea that universal hierarchies of functional projections 
are based on properties of general cognition.

3.1. Experiments 1, 2 and 3
We conducted a series of four experiments to try to test the hypothesis that 
there should be a prominence bias for the properties expressed in the lower 
functional projections. Even though we will focus mostly on the last experi-
ment (Experiment 4), we will first report on Experiments 1, 2 and 3 since 
they provide relevant background for the last experiment. The basic idea 
behind all of the reported experiments is the same: when subjects are asked 
to memorize or categorize an object, they will do so on the basis of the rela-
tive prominence of the objects’ relevant properties. In other words, they will 
memorize or categorize an object on the basis of its most prominent proper-
ty. Therefore, by designing a task that tests which property out of color, shape 
and size determines subjects’ memorization or categorization of an object, 
we will have a way of determining which of these three properties is more 
prominent in subjects’ perception and/or memory.

Experiments 1  through 3  were all conducted with IbexFarm (Drum-
mond 2011), and all three used the same basic design. Participants were first 
presented with a  picture of an object (visible for 2  seconds) on a  comput-
er screen. This picture was followed by a  screen with three objects, each 
of which matched the initial picture in one property (either size, shape, or 
color). Participants had to click on the picture of the object which they 
thought best matched the initial picture of the object. Figure 1 below shows 
the design of Experiment 1, which is also the basic design of Experiments 
2 and 3, although as will be seen below, there were also some important dif-
ferences between the three experiments.

8 In a corpus study, Dolenc (2018) finds that these three types of adjectives are acquired in 
the reverse order of the order in which they appear in the noun phrase, which matches exactly 
the order one would expect assuming a bottom-up acquisition of syntactic structure.
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1st picture 3 possibilities
1st possibility 2nd possibility 3rd possibility

(2 seconds)
size shape color

“Click on the image that best matches the previous picture.”

Figure 1: Experiment 1

Experiment 1 consisted of practice examples, 27 test examples and 28 fillers 
(the order of test examples and fillers was randomized).9 The initial image/
object was followed by the three images/objects from which the subjects had 
to choose the best match immediately. The objects used as stimuli were sim-
ple pictures of shapes (square, circle, and pentagon), the tested colors were 
green, red, and blue, and the three tested sizes were related to the area of the 
shape (there was a two-time increase in the area between sizes). All together 
this makes 27 different/unique stimuli (3 colors × 3 shapes × 3 sizes). All of 
the participants in Experiment 1 were native speakers of Slovenian (n = 37).

The majority of participants made their decision based on shape (80%), fol-
lowed by color (17%) and size (3%).10 This means that our prediction (color 
over shape over size) was not confirmed (at least with respect to the relative or-
dering of shape and color), given that shape turned out to be the most prominent 
of the three tested properties. However, using simple pictures of shapes (square, 
circle and pentagon) for our stimuli may very well have been problematic. The 
pictures represented objects that differed in color, shape, and size, but at the 
same time, shape is the only property of the three that could be used to classify 
these objects if we were to use only nouns. The objects used in this experiment 
have names that are defined with their shapes – in Slovenian, kvadrat ‘square’, 
krog ‘circle’ and petkotnik ‘pentagon’ – whereas nothing of the sort exists for color 
and size. There is no way of classifying these objects with nominal names de-
scribing their color or size. One might want to counter here with the existence of 
some terms derived from color adjectives, such as Slovenian rdečina ‘red color,’ 
‘state of being red,’ ‘redness’ or ‘rdečost’ ‘the state of being red,’ ‘redness,’ though 

9 In Experiments 1 and 2 the fillers consisted of 14 examples in which one of the three possi-
bilities completely matched the 1st picture and 14 examples in which none of the three possibilities 
matched the 1st picture in any of the three properties. In Experiments 3 and 4, the fillers consisted 
of examples with simple counting tasks. For example, participants were shown a picture with some 
objects on it and then had to choose between three pictures, each of which had a different number 
of objects on it: out of these, only 1 picture matched the initial picture in the number of objects.

10 We only report descriptive statistics for the initial experiments as we subsequently learned 
that they all had design issues, as will become clear lower down.
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the use of these is rather limited and usually also includes an additional com-
ponent, e.g. rdečina more commonly being ‘a red spot/area’ than really just ‘red 
color.’ This could mean that when subjects had to remember the object and com-
pare it to the three objects on the next page, they were not really comparing three 
properties, but rather three classified objects, one of which matched the object 
on the first slide, except that it was of a different color and size. If we assume, as 
we have done, that when defining an object, properties/concepts encoded lower 
in the hierarchy of functional projections will be more prominent, then the fact 
that nouns are located in the lowest position (even if this is the lexical head) eas-
ily accounts for the prominence of shape in this experiment as the participants 
potentially thought of the 1st picture in Figure 1 as ‘a medium red circle’ and not 
‘a medium round red object’. To avoid this issue, we designed Experiments 2 and 
3 with pictures of buttons (instead of pictures of unidentified objects that could 
then be identified as circles, squares, and pentagons).

3.1.1. Experiment 2
Experiment 2  was identical in design to Experiment 1  except that we used 
pictures of buttons for the stimuli. It was also run on IbexFarm (Drummond 
2011), and it also had 27 test examples and 28 fillers. The choice of colors and 
sizes remained the same, but we made two minor modifications regarding the 
shapes we used. As pentagonal buttons seem unusual, we replaced the pentag-
onal button with a hexagonal one and made the square button slightly round-
ed. All buttons had two vertical holes that were proportional to the size of the 
button. Figure 2 below shows the design of Experiment 2. In the instructions, 
subjects were told they will be looking at pictures of buttons.

1st picture 3 possibilities
1st possibility 2nd possibility 3rd possibility

(2 seconds)
size shape color

“Click on the image that best matches the button/item on the 
previous picture.”

Figure 2: An example of a stimulus from Experiment 2

Experiment 2 was only run on 11 subjects, and the general results were the 
same as in Experiment 1. Subjects predominantly chose objects/buttons that 
matched the initial stimulus in shape. Shape (61%) was followed by color 
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(33%) and size (6%).11 Even though we used different stimuli for this experi-
ment, this did not seem to have a big effect on the results.

Regardless of results and before going to collect the data on a bigger sam-
ple of subjects, we wanted to try and make the task a little more demanding.

3.1.2. Experiment 3
The basic design remained similar to that of Experiments 1 and 2. We made 
the task more difficult by separating the initial picture from the 3 possible an-
swers by a 5-second gap during which two unrelated animated GIFs appeared. 
Other than that, the task stayed the same, with the participants needing to se-
lect which of the three pictures of buttons best matched the initial picture.

1st picture

5-second 
GIF

3 possibilities
1st possibility 2nd possibility 3rd possibility

(2 seconds)
size shape color

“Click on the image that best matches the button/item on 
the previous picture.”

Figure 3: An example of a stimulus in Experiment 3

Again, Experiment 3  consisted of training examples, 27 test examples and 
28 fillers (which involved counting tasks). The tested colors were green, red, 
and blue, the tested shapes were circle, square, and hexagon, and the test-
ed sizes were related to the area of the shape (there was a two-time increase 
in the area between sizes). We tested 48 participants, the majority of which 
were speakers of Slovenian (34), followed by speakers of Serbo-Croatian (7), 
English (2), Czech (2), Bulgarian (1), and Dutch (1). Subjects were recruited 
through Facebook.

Despite the change in the stimuli (circle/square/pentagon to shaped but-
tons) and the additional memory-taxing 5-second pause, the results of Experi-
ment 3 were similar to the results of Experiments 1 and 2: the majority of the 
participants chose their best matches on the basis of shape (58%), followed by 
color (30%) and finally size (11%). This means that our prediction that there 
would be a bias for color over shape over size is not confirmed in entirety. The 

11  See Marušič and Mišmaš (2018) for more details on Experiments 1 to 3.
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results do, however, confirm one part of the prediction, namely, that size will 
be less important than color and shape.

3.1.3. Summing up Experiments 1, 2, and 3
Overall, Experiments 1, 2 and 3 yielded similar results despite the differenc-
es in the design. The results of the experiments did differ with respect to the 
share of responses for each property (Experiment 1 had as much as 80% of 
the matchings made on the basis of shape, while Experiment 3 had a consid-
erably lower 58,31% matchings made on the basis of shape). Despite this dif-
ference, however, the results of all three experiments are consistent in reveal-
ing a clear bias for shape. They also all revealed color to be the second most 
prominent property, ahead of the least prominent property, size. The conclu-
sion is thus clear: even though the results are in line with our prediction that 
size will be the least prominent property when memorizing an object, they do 
not confirm our prediction that there will be a preference for color over shape 
in a non-linguistic task. So, on the one hand, these results cannot be taken as 
an argument for the idea that universal hierarchies of functional projections 
are based on properties of general cognition. On the other hand, however, it 
is encouraging that the finding that size is the least prominent property when 
memorizing an object can be seen to be in line with the results of language-
dependent tests in Scontras et al. (2017), who found, regarding the source of 
the hierarchy of adjectives, that adjective meaning, specifically its subjectivity, 
influences the position of the adjective, and adjectives for size are more sub-
jective than adjectives for color and shape and therefore more removed from 
the noun.

In the course of analyzing results, we discovered several aspects of our 
experimental design that could have disqualified the validity of our re-
sults. Firstly, a relatively small number of participants were tested (37 par-
ticipants in Experiment 1, 11 in Experiment 2, and 48 in Experiment 3), 
an issue that was avoided in further testing. Secondly, even though sub-
jects were ‘reminded’ through the instructions that the objects are ‘buttons’ 
rather than just circles, squares and hexagons, it is difficult to be entirely 
sure that subjects do not still simply take them as circles, squares and hex-
agons, in which case we have not avoided the original problem that made 
us switch from circles, squares and pentagons to ‘buttons’ (see section 3.1 
above). A much more important issue, however, is that it is not clear if or 
to what extent size, shape and color are similar/comparable properties. 
Crucially, if these properties are not directly comparable, then the fact that 
participants in Experiments 1 through 3 typically chose their match on the 
basis of shape might not have so much to do with shape as a property, but 
rather with the fact that, for example, squares are more impactful (and con-
sequently more memorable) than for example red as a color. To address this 
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issue, we designed and conducted a calibrating session, on which we report 
in the next section.

3.2. Calibrating
Experiments 1, 2 and 3 compared three differences on three dimensions, with-
out knowing how comparable these differences are between these three di-
mensions. Issues in comparison of size, shape and color become obvious if, 
for example, we consider how we measure values related to these properties: 
while we can assess or measure size in terms of area or circumference and thus 
evaluate the difference between two sizes with an absolute number, we cannot 
do anything comparable with differences in color and shape. When it comes 
to color, differences may be measurable in terms of categories such as hue, 
brightness, saturation and gloss (see e.g. Schwartz and Krantz 2018), but dif-
ferences in shape really cannot be assigned any comparable numerical value. 
We can describe some differences between specific shapes in terms of the num-
ber of angles or edges, but even shapes that have the same number of angles 
or edges can vary significantly among themselves (for example, square, rec-
tangle, rhombus, trapezium and parallelogram are all quadrilaterals). Again, 
these ‘parameters’ are not necessarily comparable, so varying them does not 
necessarily mean that the results of their variations are comparable; therefore, 
the colors we used in our experiments (blue, green and red) were perhaps less 
different that the shapes we used (circle, square, and hexagon in Experiment 3), 
which would also mean that shape was potentially easier to differentiate and 
memorize.

To address this issue, we tried to prepare a calibrated set of stimuli in or-
der to: (i), determine which minimal pair per property participants perceive 
or recognize as different, and (ii), make these minimal pairs as comparable 
as possible between the three properties. To calibrate the three properties, we 
created:

(a)  color: we created 7 shades of three colors (red, green and blue), each shade 5 hue-
points different;

(b) shape: we created 7 versions for each tested shape which differed in curvature of 
angles and sides;

(c) size: we tested 7 different sizes, where each size had a 5% bigger/smaller area for 
a randomly selected version of a shape from (b)

We tested 12 participants (3 male, 9 female; age 25 to 40), each participant took 
part in 3 tasks (1 per property). In all three tasks the participants were shown 
two objects and were then asked if they thought the objects they had seen were 
different or the same with respect to the property in question. The design used 
in calibrating is shown in Figure 4 for shape:
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Screen 1 Screen 2
The objects on the previous screen were
a) the same
b) different

Figure 4: Calibration of stimuli

We calculated the smallest difference for which there was 75% agreement 
among subjects that the two objects differ with respect to the relevant prop-
erty, and then used this as stimuli in the new experiment, which we report on 
in the next section.

3.3. Experiment 4
The design of Experiment 4, shown in figure 5 below, was the same as that of 
Experiment 3: the participants were shown a picture, followed first by a 5-sec-
ond animation (GIF) and then by a  screen with 3  pictures, each of which 
matched the initial picture in one property (either size, shape or color). They 
were asked to choose the one which they thought best matched the initial pic-
ture. Differently from Experiment 3, however, Experiment 4 used the stimuli 
that we created on the basis of the calibrating session described in section 3.2 
above. The use of such stimuli also meant that we avoided completely the is-
sue which made us switch from squares, circles and pentagons to ‘buttons’ be-
tween Experiments 1 and 2 (see sections 3.1 and 3.1.3 above); to the best of our 
knowledge, there is no specific noun (or adjective) that would reflect the shape 
of the objects used in this experiment (nor are there specific names for each in-
dividual shade of blue and red used in the experiment).

1st picture 5-sec. 
GIF

3 possibilities
1st possibility 2nd possibility 3rd possibility

2 seconds size shape color
“Click on the image that in your opinion best matches the 

previous picture.”

Figure 5: An example of a stimulus from Experiment 4

Experiment 4 was also conducted online, and it also consisted of practice ex-
amples, 27 test examples and 28 control fillers (with the order of test exam-
ples and fillers randomized). We tested 160 participants, recruited through 
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Amazon Mechanical Turk (participants were compensated). Despite the fact 
that we have been assuming that the hierarchy of functional projections (and 
consequently, adjective order) is universal, we asked about the participants’ 
first language. The majority of our participants were speakers of English (149, 
before exclusions), with some speakers of Spanish, Turkish, Indonesian, Ital-
ian or German (2), and Cantonese or Malayalam (1). 48 participants were ex-
cluded from the analysis, on the basis of: (i) reported color blindness (3), (ii) 
reported use of smart-phones (12), (iii) less than a 75% success rate at control 
fillers (33).12 Following these exclusions, we are left with 112 participants. Note 
that even though we excluded almost a third of the participants, the number 
of participants included in the analysis was still much larger than in Experi-
ments 1, 2 and 3.

3.3.1. Results
Like the results of Experiments 1 through 3, the results of Experiment 4 also 
do not confirm the predictions of our hypothesis. However, the results 
of Experiment 4  are markedly different from the results in Experiments 
1 through 3.

Specifically, while in Experiment 3 (as well as 1 and 2) participants typ-
ically chose on the basis of shape, in Experiment 4, participants chose on 
the basis of color in 53,9% of cases, followed by size with a 26% share. Sin-
gle factor ANOVA shows that the results for the three tested properties are 
statistically different (p < .005). This means that we found a preference for 
color, which is in line with our prediction (given that color is encoded by 
adjectives lowest in the hierarchy of adjectives). Contrary to the prediction, 
though, color, as already indicated, was not followed by shape but rather 
by size (26,5%): matching items were chosen on the basis of shape in only 
19,6% of cases. Therefore, our prediction was again not confirmed in its en-
tirety. Unfortunately, we have again identified some relevant problems in 
the design of our experiment.

3.3.2. Issues
Whereas running the experiment online and using Amazon Mechanical 
Turk for recruitment allowed us to fix the issue of the low number of partici-
pants, this setup also brought along some unwanted effects. Firstly, since Ex-
periment 4 was conducted online, we could not account for different screen 
settings that participants might have used. For example, participants might 

12 Given that fillers included stimuli where a “correct” answer could easily be determined, 
we calculated the percentage of correct answers in choosing between the three options. If a sub-
ject failed to select the matching picture on more than 75% of the 28 controls, they were ex-
cluded from the analysis.
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have zoomed in and thus enlarged the pictures, which could have favored 
choosing on the basis of size. Secondly, the quality of colors differs consid-
erably between different types of screens, and the quality of colors we see on 
the computer screen also depends a lot on the lighting in the area where the 
computer is used, with artificial light reflections or direct sunlight on 
the computer screen basically making everything on the entire screen invis-
ible. Thirdly, contrary to the predominance of color among subjects on the 
whole, we observed that there were subjects who consistently ignored color 
but did not report color blindness. All of these issues can be avoided by test-
ing participants in a controlled environment and by using additional screen-
ing for detecting color blindness (based on which participants would be ex-
cluded).

Furthermore, a post-hoc analysis also revealed some issues with the cal-
ibrating session, which could mean that the minimal differences for size, 
shape and color that we used were not completely comparable. Specifically, 
on the basis of the calibrating session we used a 10% increase in the area of 
the objects as a minimal difference between two sizes (which was expected 
to be comparable with the minimal pairs for shape and color). But we later 
discovered that a smaller increase would have worked. This means, impor-
tantly, that the 10% increase in size is not comparable to the minimal differ-
ences in color and shape that were used in the experiment, which may have 
influenced the results for size (note that in Experiments 1 through 3, size was 
the least prominent property). To address this issue a new calibration session 
is necessary (currently in progress) before the experiment is re-run.

4. Discussion

The four experiments we report on were conducted in order to test the hypoth-
esis that we will find a preference for the properties expressed on the lower 
functional projections (i.e. color > shape > size) in non-linguistic tasks such 
as memorizing or matching objects. If such a bias were detected, it could be 
taken as an argument for the idea that universal hierarchies of functional pro-
jections are based on properties of general cognition. At this point, the results 
of our experiments appear to be inconclusive. On the one hand, it is clear that 
none of our experiments confirmed the hypothesis in total; but on the other 
hand, it seems that we also cannot, on the basis of the results, completely re-
ject the hypothesis.

Figure 6 shows a comparison of the results for Experiments 3 and 4 (we are 
leaving Experiments 1 and 2 aside at this point due to the differences in the de-
sign of the experiment, etc., see 3.1 to 3.1.3 above).
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Figure 6: Summary of the results for Experiments 3 and 4

Given that the only significant design difference between these two experi-
ments was in the stimuli, the comparison of the results suggests that the 
change in the materials between Experiments 3 and 4 had an effect. Impor-
tantly, the task in Experiment 4 revealed color as the most prominent prop-
erty. This is in line with our starting hypothesis, as the concept color is 
expressed by adjectives which come into the structure at the bottom of the 
hierarchy of functional projections that host adjectives, see the diagram in 
(13) in section 3 above. As the materials were modified in an attempt to cor-
rect identified problems in the design by calibrating the differences in the 
materials (from red, blue, and green circles, squares, and hexagons to cali-
brated versions of shades of objects with calibrated versions of objects with 
different curvatures, see 3.2. above), there is reason to take the results of Ex-
periment 4 over those of Experiment 3.

In spite of this aspect of the results, our experimentation clearly has not so 
far provided evidence for confirming the hypothesis that cognition can be tak-
en as the source of the functional hierarchy because size had precedence over 
shape in Experiment 4. But given that we also found reason to doubt the suc-
cess of our calibration for size (see 3.3.2 above), we cannot have full confidence 
in the accuracy of these results. We therefore conclude that we are not yet in 
a position to reject the hypothesis either. In other words, it remains unclear 
what the source of the hierarchy of functional projections is, and we can ex-
clude neither universal grammar as the source nor meaning of the adjectives.13

13 Note that our results also cannot be used, in any straightforward way, to support the oppo-
site position of the one we were trying to experimentally verify, i.e. the position that advocates 
a modular architecture of cognition whereby syntactic structure is autonomous from general 
cognition. The reason for this is that the results are not consistent across our four experiments 
(they do not all yield one and the same order, which would be different from the one observed 
in language), and that despite the methodological improvements of Experiment 4 over previous 
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0.00%             0.10%            0.20%            0.30%            0.40%            0,50%             0,60%            0.70%

Experiment 4 Experiment 3

0,3018
0,539

0,196
0,5823

0,116
0,265

Summary of the results
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We should mention that the results of Experiment 4 (but not Experiment 3) 
may be in line with independent findings of some studies on the acquisition of 
concepts. For example, Baldwin (1989) finds that shape is used over color in gen-
eralizing object labels, and Diesendruck and Bloom (2003) find that shape has 
precedence in object naming and object matching over color and material. How-
ever, none of these studies calibrated differences of their materials; for example, 
Diesendruck and Bloom (2003) used objects created for the purpose of the study 
that ranged from something that could be described as vaguely resembling a tur-
ritella seashell, vaguely resembling a  toy briefcase, vaguely resembling a  blue-
berry (sphere with a round surface depression), etc., in undescribed colors that 
seem, based on the black-and-white photograph of the materials (Diesendruck 
and Bloom 2003: 171), to range from very bright to very dark and to include both 
single-color and multiple-color objects. So before we accept our experiments as 
supporting the conclusions of these studies, we need to perfect the calibration of 
our materials for size and re-run our experiment.

Another avenue to pursue in order to test our starting hypothesis is through 
an acquisition study with preschool children designed similarly to the experi-
ments we report on in this article. Corpus investigations suggest that the acqui-
sition of adjectives for color, shape and size in small children, as reflected by the 
rates of adjective use at different ages and their comparison to the rates of adjec-
tive use in adult speech, proceeds in line with the order that is predicted by the 
universal hierarchies of adjectives, assuming a bottom-up acquisition of syntactic 
structure (Dolenc 2018). This finding about language thus fails to find a parallel 
shape-bias that studies like Diesendruck and Bloom (2003) report for the acquisi-
tion of the related concepts. This could, naturally, mean simply that language ac-
quisition is separate from concept acquisition and that the hierarchy of syntactic 
functional projections is independent of the cognitive domain of concepts. But as 
was already pointed out above, it seems that the design and material preparation 
in those concept acquisition studies was clearly suboptimal. So before endorsing 
such a conclusion on the basis of the results of such studies, an acquisition study 
that will use better designed materials and will at least only test the acquisition of 
individual compared concepts without forcing direct competition between them 
into the task is called for. We have designed a sorting task of this type and are cur-
rently testing preschool children with it.
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