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ABSTRACT

Are children mindful decision makers?
Investigating underlying mechanisms of Turkish-learning children’s recency bias

This study examined (a) whether Turkish-reared preschoolers (n = 59, Mage = 53.37
months, SD = 10.11) showed recency bias in a flexible word order language, and (b) how their
recency bias was related to individual differences in working memory and verbal skills.
Children were presented with a decision-making task in which they responded to questions
about an imaginary character’s decisions. They listened to questions that had both choice
options at the beginning, at the end or first option being at the beginning while the second at
the end of the sentence. Then, children were given tests to assess their working memory (WM)
and verbal skills. We found that children exhibited recency bias, and it decreased as their age
increased. Children’s WM skills, not language skills, were a strong predictor of recency bias,
even after controlling for age. Whether the options were familiar or located at different places
within the question did not have an effect alone. However, slope analyses showed that their
interactions with each other and children’s WM skills may have yielded a significant decrease
in recency bias. That is, as children aged, their recency bias decreased when responding to
unfamiliar options if both were encountered at the beginning of the question. Recency bias
decreased as their WM skills improved when both options were encountered at the beginning
of the questions. This study investigated recency bias systematically in a free word order
language with respect to individual differences, suggesting that children are not always mindful
decision-makers. These findings have implications for unveiling children’s response biases and
ways to elicit effective communication with them.

Keywords: recency bias, working memory, response bias, decision making, Turkish word

order



OZETCE

Cocuklar Bilin¢li Karar Vericiler Midir? Tiirk¢ce Konusan Cocuklarda Sonrahk
Egilimini Altinda Yatan Faktorlerin Arastirilmasi

Bu arastirma, (a) serbest sozdizimine sahip bir dil olan Tiirk¢e’yi 6grenen ¢ocuklarin
(N =59, M =53.37, SS = 10.11) sonralik egilimi (recency bias) gosterip gostermedigini ve
(b) bu egilimin ¢ocuklarin isleyen bellek ve dil becerilerindeki bireysel farkliliklara bagl
olup olmadigini incelemistir. Cocuklara kurgusal bir karakterin kararlar1 hakkinda iki
secenekli sorularin soruldugu bir test verilmistir. Cocuklara yoneltilen bu sorularin tigte
birinde seceneklerin ikisi de climle basinda, licte birinde iki secenek de climle sonunda, kalan
ucte birinde de bir segenek ciimle basinda iken digeri en sonda yer almaktadir.
Seceneklerdeki objelerin yarisi bildikleri kelimeler yarisi da daha 6nce hi¢ duymadiklar yeni
olusturulan kelimelerden secilmistir. Bu karar verme testinden sonra gocuklara isleyen bellek
ve dil becerilerini 6lgen testler verilmistir. Sonuglar, ¢gocuklarin sonralik egilimine sahip
oldugunu ve bunun yas arttik¢a azaldigini gosterdi. Cocuklarin sonralik egilimlerinin, isleyen
bellek performans tarafindan, yasin da 6tesinde, yordandigi, ancak dil becerilerinin buna bir
etkisinin olmadig1 bulunmustur. Seg¢eneklerdeki objelerin bilinip bilinmedigi ya da
seceneklerin ctimlenin farkli yerlerine konulmasi tek baslarina bir etkide bulunmazken;
birbirleriyle etkilesimi anlaml1 bir etki gosterdi. Bu da ¢ocuklarin yaslar arttik¢a ve
seceneklerin ikisi de basta olunca ve bilmedikleri se¢enekler hakkinda sorular cevaplarken
sonralik egiliminde azalma goriildii. Bireysel farkliliklar agisindan da ¢ocuklarin isleyen
bellek performanslar arttik¢a ve seceneklerin ikisi de basta olunca sonralik egiliminde
azalma gorildi. Bu arastirmada, serbest s6zdizimine sahip dili konusan gocuklarin bireysel
farkliliklara gore sistematik olarak sonralik egilimi incelenmistir. Boylelikle cocuklarin her
zaman bilingli karar verici olmadiklarin1 6nermek mimkindir. Bu bulgular, ¢ocuklarin karar
verme slireclerinde yasadiklar1 egilimleri ortaya ¢ikarma ve dnleme agisindan 6nemlidir.

Anahtar kelimeler: sonralik egilimi, isleyen bellek, yanit yanliligi, karar verme, Turkce
serbest sozdizimi
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CHAPTER 1: INTRODUCTION



To learn what children think or know, adults ask them various questions in both daily
and formal situations (Okanda et al., 2012). For example, asking children questions like “Did
he have a bicycle or motorcycle?” or “Do you prefer apples or bananas?” limits them to choose
from one of the given alternatives (Behzadnia & Mehrani 2018). During speech
comprehension, children need to understand and retain it until the whole message is received
(Cowan, 2005). This process is related with children’s working memory capacity (Just et al.,
1996; Just & Carpenter, 1992; Mehrani & Peterson, 2017; Sumner et al., 2019) and language
skills ( Behzadnia & Mehrani, 2018; Mehrani & Peterson, 2017; Sumner et al., 2015). Hence,
the success of comprehension may depend on the interplay between the demands of language
processing and what children’s cognitive systems can afford.

When linguistic processing demands exceed processing capacity, children tend to
exhibit certain response tendencies (Fritzley et al., 2013; Moriguchi, Okanda & Itakura, 2008)
For example, the recency bias refers to preferring the most recently mentioned choice out of
the two presented ones (Mehrani & Peterson, 2015). While some researchers found no bias for
preschoolers, others showed a mild or strong bias for younger children. Their bias increases
when asked about unfamiliar objects, which is suggested to be underlined by the limited
working memory of the youngsters (Sumner et al., 2019). Another factor associated with the
recency bias can be language-specific properties such as word order. Turkish with its flexible
word order provides good sentential context to test whether syntactic variations in a language
interact with children’s limited cognitive resources and hence affect their recency tendencies.

The present study investigates whether and how 3- to 5-year-old children have recency
bias in their responses to two-alternative forced-choice questions in Turkish, a flexible word
order language. With this aim, we administer a decision-making task in which children will
make decisions about an imaginary character’s preferences. We also measure their working

memory and verbal skills. We ask two main questions about children’s recency bias and



potentially related factors. First, is 3- to 5-year-old Turkish-learning children’s recency bias
influenced by the flexible word order of Turkish? Second, does it depend on individual
differences in their working memory and verbal skills?

1.1 Children’s Recency Bias

When asked to choose from one of the two alternatives, children’s tendency to choose
the most recently mentioned choice is called recency bias. These two-alternative forced-choice
questions are used in applied settings such as interviews done by child protective services, for
example, on child sexual abuse (Davies et al., 2000) and experimental paradigms examining
social and cognitive development (Fritzley, 2000). Recent evidence suggests that children’s
responses might be open to biases and might not be reliable (Behzadnia & Mehrani, 2017,
2018; Brady et al., 1999; Ceci & Burak, 2006, Fritzley & Lee, 2003; Fritzley et al., 2004;
Okanda et al., 2013; Sumner et al., 2015, 2019). Children’s tendency to reply yes (i.e., yes-no
bias) has been the most investigated bias while yielding inconsistent results across studies
(Okanda & Itakura, 2010; Fritzley & Lee, 2003; Fritzley et al., 2013; Behzadnia & Mehrani,
2018; Peterson & Grant, 2001), On the other hand, very few studies investigated recency bias
in forced-choice questions (Sumner et al., 2015; Mehrani & Peterson, 2015), which is the focus
of the present paper.

Earlier evidence suggests the existence of recency bias in children. For example,
Mehrani and Peterson (2015) showed 3- to 5-year-old Persian-speaking children a video about
animals and asked two-alternative forced-choice questions about it. Children exhibited a
recency tendency that weakened as children aged. When the questions were asked in the
opposite order (“Was it spring or winter?” was asked as “Was it winter or spring?”), similar
results were obtained (Mehrani & Peterson, 2015). A follow-up study compared Persian-,
Kurdish- or English-speaking children who were between the ages of 2 and 5. They questioned

children about objects and manipulated children’s familiarity with objects (familiar vs.



unfamiliar objects) (Mehrani & Peterson, 2017). Regardless of their age and language
background, children demonstrated a recency bias. Additionally, children’s biases were
stronger when asked about unfamiliar objects and became weaker as they aged (Mehrani &
Peterson, 2017). Behzadnia and Mehrani (2018) applied a very similar paradigm with Persian-
Turkish bilingual 5- and 6-year-old, half of the questions were asked in Persian and half were
in Turkish® (using Persian alphabet and a different dialect than Turkish used in Turkey). Their
results replicated previous studies in addition to showing no effect of language in which
questions were asked. Recently, Sumner and colleagues (2019) presented English-learning
toddlers with a decision-making game, involving forced-choice questions about imaginary
characters. The findings again replicated earlier studies, indicating a strong recency bias that
became weaker as children’s age increased. However, object familiarity in this study did not
influence children’s responses.

In sum, younger children have a strong recency bias both for familiar and unfamiliar
choices whereas older children have the biases only when the choices are unfamiliar (Mehrani
& Peterson, 2017; Behzadnia & Mehrani, 2018). Additionally, 3 years of age might be a
developmental transition period for response biases (Fritzley & Lee, 2003; Mehrani &
Peterson, 2015; Steffensen, 1978) that can be universal across languages (Behzadnia &
Mehrani, 2018; Mehrani & Peterson, 2017). However, previous studies overlooked language-
specific factors that can potentially influence children’s recency tendencies.

Word order is one important and meaningful cue in sentence comprehension since it
portrays information about events and their participants concerning those events. Previously
studied languages had different word orders, for example, SOV in Persian (Mehrani &

Peterson, 2015), SVO in English (Sumner et al., 2019). Yet, in the experimental conditions,

! Behzadnia and Mehrani (2018) notes that these languages share several commonalities such as lexicon due to
their speakers being graphically close and in constant interaction. However, they reasoned that other linguistic
differences such as intonation patterns, word order, and other syntactic differences could have affected
children’s biases.



they used only one order. Sumner et al. (2019) varied question types in terms of where the
choices were positioned but did not find an effect of question type on children’s recency
tendencies. However, their question stimuli were incomparable across conditions due to fixed
word order in English. Turkish, on the other hand, has a flexible word order with 6 different
variations of S, O, and V, though SOV is the canonical one. Although these different word
orders have pragmatic differences, Turkish speakers can position options in different places in
the sentence while preserving the meaning. All these aspects of Turkish may not only affect
the way children demonstrate recency tendency but also interact with cognitive individual
differences.

1.2 Individual differences in children’s cognitive resources

Beyond language-related factors, little is known about whether and how recency bias
is associated with individual differences in children’s cognitive skills. One related system is
working memory that refers to the brief and limited capacity to store and manipulate
information (Baddeley & Hitch, 1974; Just & Carpenter, 1992), for not only final but also
intermediate parts of a comprehension process (Just & Carpenter, 1992).

Most of the working memory research was conducted following the tripartite model of
Baddeley (Alloway et al., 2004; Baddeley & Hitch, 1974). In this model, the first sub-system
is the phonological loop, which was specialized in auditory information. It serves both in
holding its memory trace and preventing it from decay by rehearsing (Baddeley, 2007). The
other subsystem is specialized in visuospatial information and performs similarly. Episodic
buffer was later added to the model in need of including the influence of long-term memory.
However, the episodic buffer has not been investigated as much as other WM sub-systems,
especially in developmental psychology (Boyle et al., 2013) They are both limited in capacity
and “slave systems” of the domain-general central executive system. Although having a limited

capacity as the other sub-systems, the central executive directs the distribution of finite WM



resources and controls the attentional systems (Baddeley, 2007) by three main functions:
inhibiting more prominent but less relevant information (inhibition), shifting across different
tasks and mental sets (mental set shifting), and updating and monitoring information (updating)
(Miyake et al., 2000). Therefore, its performance is generally measured with tasks that involve
both information retention and manipulation, which are referred to as complex or executive-
loaded WM tasks, as opposed to storage-only tasks that only require retention but not
manipulation of information (Blom et al., 2014).

WM system undergoes a protracted development. WM improves 4 years onward
(Gathercole et al., 2004), which is related to structural and functional maturation in frontal-
parietal association cortices (Anderson et al., 2001). As children age, more activation is
observed in these regions (Kwon et al., 2002) that matures throughout adolescence into young
adulthood (Conklin et al., 2007; Luciana et al., 2005). Hence, due to WM-based limitations,
young children may not process some early word representations to integrate and relate to later
ones quickly enough (Just & Carpenter, 1992), which would jeopardize the success of
understanding the questions and answering appropriately (Cowan et al., 2005).

Although some studies examining children’s recency bias suggested that WM skills
might be an underlying mechanism (Mehrani & Peterson, 2017; Sumner et al., 2019),
surprisingly only one study tested its influence on children’s responses. They found that WM
did not predict children’s tendency to choose second response choice. However, the bias was
stronger when the response choices were longer and was limited to children’s verbal responses,
which led them to conclude that WM limitations could be underlying mechanisms for
children’s response biases (Sumner et al., 2019). It is also possible that their working memory
measure (Shriberg et al., 2009) was too difficult for 3- to 4-year-old children since it only
consisted of non-words such as dama, dabama, danabama. WM performance of young children

is mostly measured by span tasks that are also related to children’s sentence comprehension in



reading and listening tasks (Booth et al., 2000), even when the effect of vocabulary knowledge
was ruled out (Swanson, 1992). Based on the empirical evidence and the given functions of
WM, we expect WM resources to play a central role in the recency tendencies of children.

Children’s verbal or language skills also improve drastically during preschool ages.
Vocabulary knowledge is a good predictor of speech comprehension (Jun Zhang & Bin Anual,
2008; Malatesha Joshi, 2005; Martin-Chang & Gould, 2008; Moghadam et al., 2012), both
concurrently and longitudinally (Nation & Snowling, 2004). Children’s immature verbal skills
associate with their yes-no biases (e.g., Moriguchi et al., 2008; Okanda & Itakura, 2010);
however, only a few studies addressed recency bias in relation to verbal skills. While Mehrani
and Peterson (2017) discussed that recency bias might be due to immaturity in language
development in areas like sound system, syntax, semantics, and pragmatics, etc., Sumner et al.
(2019) found no association with children’s verbal skills. In the process of language
development, children can utter a word without a complete lexical representation of it (Mehrani
& Peterson, 2017; Sumner et al., 2015). For example, children as young as age 2 may not be
able to articulate what they know even when they have the knowledge (Berthier et al., 2000),
which might influence their recency tendencies. The present study will also investigate whether
children’s recency bias is associated with their verbal skills.

In sum, children exhibit a recency bias that is associated with individual differences in
cognitive resources. WM system has an active role in maintaining and processing linguistic
information as the sentence unfolds its meaning (Borovsky et al., 2012; Emmorey et al., 2017).
However, children’s ability to keep items in mind over short delays matures late in
development (Alloway et al. 2006). Their vocabulary also undertook significant changes that
may predict children’s response tendencies in addition to their WM skills. Thus, children with

lower WM functioning and vocabulary size, especially younger ones, may have difficulty in



keeping the whole message in mind, which would underlie the tendency to choose the last
heard choice.
1.3 The present study

The present study investigates 3- to 5-year-old children’s recency biases in a language
with a flexible word order and its associations with children’s WM and verbal skills. Children
were given a decision-making task in which they made choices regarding preferences of
imaginary characters to investigate their recency biases. Our study contributes to previous
research in three ways. First, earlier studies either had choices at the end of the sentence in all
trials (Mehrani & Peterson, 2015) or incomparable variations in terms of the position of choices
(Sumner et al., 2019). Since Turkish allows different word orders, it provides a particularly
interesting case to test whether variations in word order will affect recency bias. We formulated
our questions by changing the position of options while keeping the rest of the syntactic
structures the same across conditions. We generated three different and comparable question
types: 1) Options at the end “Hangisini saklamay tercih eder Aymi elmayr mu tiziimii mii?
(“Which one Aymi would prefer to hide, apple or grapes?”’) 2) One option at the end and one
at the beginning “Elmayr mi saklamay tercih eder Aymi tiziimii mii? (“Apple, which one Aymi
would prefer to hide, or grapes?”) 3) Options at the beginning “Elmay: mi Gzimi mi
saklamay: tercih eder Aymi?” (“Apple or grapes, which one Aymi would prefer to hide?”)?.
Second, as another related question, previous studies presented children with familiar and
unfamiliar objects as choices. However, unfamiliar objects like “tweed, “ganache,” “teepee” in
Sumner et al. (2019) and “plastic,” “laundry catcher,” “paper filter for green tea” in Okanda et
al. (2012) may not be truly novel to children. Hence, to test whether children’s biases depend
on the familiarity of options, we used novel objects created for this study as unfamiliar choices.

Third, previous studies documenting response biases have not fully tested individual

2 The literal translations of the Turkish sentences are in parentheses



differences in cognitive skills of children (Moriguchi et al., 2008). The present study aims to
provide a more complete developmental picture of the phenomenon.

First, previous studies have found that children around the ages of 3 and 5 showed a
recency tendency (Behzadnia & Mehrani, 2019; Mehrani & Petereson, 2015; 2017). We aimed
to replicate this consistent finding. Additionally, since some argued that recency bias might be
universal across languages (Behzadnia & Mehrani, 2018; Mehrani & Peterson, 2017), although
tested in just a few languages, our goal is to show children’s recency bias in a different
language. In line with previous studies (Mehrani & Peterson, 2015; 2017, Sumner et al., 2019),
we expected that, overall, recency bias will be weaker in older children. For example, Mehrani
and Peterson (2005)’s results yielded strong recency bias while 3-year-olds scored higher
among 3- to 5-year-olds. Upon this consistent finding, evidence suggests that children may
undergo a developmental maturation in terms of answering two-alternative forced questions
appropriately (Fritzley et al., 2009; 2013).

Second, we investigate possible language-specific factors that are related to question
properties. Regardless of age, we also expect recency bias will be the strongest when the
distance between 2 options is largest (beginning-end condition). We do not predict a difference
in responses between the other two conditions (beginning-beginning and end-end conditions).
Sumner et al. (2019) manipulated word order and found no effect since English may not an
appropriate language to test word alternations. Thus, we expect to find such an effect in a free
word language. In the beginning-end condition, having the largest distance between two
options may take a greater effort to retrieve the earliest one. Therefore, we predict that children
will baffle at most when comprehending this type of question, leading them to experience a
more pronounced recency bias.

Furthermore, although recency bias fades away as children age, previous studies

indicated that younger children had recency bias for both familiar and unfamiliar options;



however, older children had only for unfamiliar options or no bias at all (Behzadnia & Petreson,
2017, Mehrani & Peterson, 2017). Although 2-year-olds in Sumner et al. (2019)’s study were
not affected by the familiarity of options, other evidence points to the otherwise, which may
suggest that retrieving the earliest option was more difficult especially since the child did not
have prior knowledge about it. Thus, we expect that as children’s age increase, there will be a
decrease in recency bias when children responding to familiar options compared to unfamiliar
ones. We also expect this association to be stronger when a child waited the longest to hear the
second option after hearing the first one (beginning-end condition) (a 3-way interaction
between age, familiarity, and question type).

Third, we investigate the role of individual differences in the cognitive skills of children
as possible underlying mechanisms of recency bias. In line with previous studies (Mehrani &
Peterson, 2017; Sumner et al., 2019), we expect that children’s WM skills will play a central
role on their recency bias. Given that WM functioning is key to hold and maintain earlier
information and then integrate and relate with later ones (Cowan et al., 2005, Just & Carpenter,
1992), children who have higher WM performance should be less prone to show recency bias.

Moreover, although Sumner et al. (2019) found that verbal skills did not relate to
recency bias, which might be due to using an adult-level WM task for young children, some
studies discuss verbal skills to have an underlying influence on recency bias (Moriguchi et al.,
2008; Okanda & Itakura, 2010). Additionally, children who have poorer language skills are
more likely to be suggestible since they may be more likely to respond to a question that they
do not fully comprehend (Ceci & Bruck, 2006). Thus, we expect that children with lower verbal
scores will exhibit more pronounced recency bias.

Last, we expect that children’s improving WM skills will help them overcome the effect
of word order. That is, the effect of word order will be weaker as children’s WM performance

increases. Our earlier prediction, experiencing the largest distance between two options leading
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to a stronger recency bias (beginning-end condition), will be weaker as children’s WM

performance increases.



CHAPTER 2: METHOD

11



12

2.1 Participants

We advertised our study via social media channels of the lab, and posts on parenting
channels on Instagram and Facebook. We recruited 70 Turkish-learning children. Among these
children, we excluded three 2-year-olds as they failed to communicate with the experimenter
and could not proceed with the task. Six children were also excluded because they failed to
follow instructions and tasks terminated without success. Two more children were excluded
due to side bias (i.e., always choosing the object presented at one side of the screen). Thus, our
final sample included 59 Turkish-speaking children (33 girls) aged between 35 and 71 months
(Mage = 53.37 months, SD = 10.11). Informed consent was obtained from the parents of the
participants via Zoom. Kog¢ University’s Institutional Review Board approved the study
(Project name: Children’s Recency Bias to Forced-Choice Questions, Protocol No:
2020.004.1IRB3.003)

We determined the sample size by using G*Power software. It was calculated by
defining effect size as .25, the alpha error probability of .05, and power as .95. All participants
were native Turkish learners. All sessions were conducted online via Zoom.

2. 2 Measures
2. 2. 1 Decision-Making Task

We developed a decision-making task to investigate whether children show any recency
bias when answering two-alternative choice questions, inspired and adapted from Mehrani and
Peterson (2015) and Sumner et al. (2019). In this task, children were provided with imaginary
characters (named either Aymi or Tibi) and asked to choose what these characters would prefer
among the two presented options.

The stimuli consisted of two sets of questions. Each set had randomly presented 24
questions with two choices (see Appendix A for and the entire list of choices and question

stimuli). For each question, there were 2 phases: The presentation phase and the test phase. The
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presentation phase included each image choice shown at the center of the screen and
accompanied by an audio recording of the choice. The test phase included the character image
at the upper-middle of the screen and two choices at the bottom-corners of the screen,
accompanied by the voice recording of the question (see Figure 1 for a sample trial sequence).
We used the pre-recorded voice of a female narrator. During recording, we made sure to use
similar intonations in narrating questions while keeping the tone natural as in face-to-face

communication.

1 sec ( )

2 sec &
“Elma” (Apple)
2 sec ‘* @

“Uziim” (Grape)
2sec

“Elmay1 mi saklamayi tercih eder
Aymi tzamd mu?”

Figure 1. A sample trial sequence and timing of phases within a trial. The presentation phase
included each image choice (apple and grape in a sequence). The test phase included the
character and both choices, paired with a single auditory question.

In both sets, questions varied in the familiarity of the objects in choices and the
position of these choices within the sentence (see Figure 2 for sample stimuli). About
familiarity, half of the questions involved choices known by 2-year-olds, thereafter familiar
choices, (G0Oz et al., 2007; Acarlar et al., 2008) (e.g., liziim, elma, karinca, televizyon, otobiis)

and the other involved questions with unfamiliar/novel choices (e.g., terka, maka, ilmasan,
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pizadeni, bikirum) thereafter unfamiliar choices. To construct novel words for the unfamiliar
words, we first prepared a pool of commonly used Turkish syllables and then randomly
selected syllables from that pool. Importantly, the unfamiliar choices matched with the
familiar ones in terms of syllable number (see Appendix A for the entire familiar and
unfamiliar choices). After selecting words for familiar and unfamiliar choices, we constructed
their visual images from the picture database for Turkish-speaking children prepared by
Raman et al. (2014). For familiar choices, we directly used the corresponding images in the
database. However, for unfamiliar choices, we followed a novel method. Other pictures in the
database, that were different than what we used for familiar choices, were reconfigured by a
designer. We reconfigured the pictures while sticking to the basic Gestalt principles as in we
maintained the figure-ground ratios from the original picture until they did not resemble any
known object. To select among these novel set of pictures, we conducted a pilot study. We
asked adult participants to indicate what they saw in these pictures. They responded either “I
do not know” or wrote what they thought it resembled. Then, they were asked to rate the
similarity of this novel image to the one they thought it resembled on a 1 to 5 Likert scale (1=
Not at all similar, 5=Extremely similar). Among 32 reconfigured images, we first eliminated
those that had a mean rating of above 3. We then eliminated those that were thought to
resemble similar objects by different participants because it signalled that those objects
looked like something else that we did not anticipate but participants agreed on. This way, we
selected images picturing novel objects or objects that were thought to be the least similar to
something familiar/known (see Appendix B for the images for familiar and unfamiliar
choices).

In terms of choice positions, one third of the questions had both choices at the
beginning (e.q., Elmay: mu tiziimii mii saklamayt tercih eder Aymi?” (“Apple or grapes, which

one Aymi would prefer to hide?”), one third had both choices at the end (e.g., “Hangisini
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saklamayt tercih eder Aymi elmayr mi Gzimi mi? (“Which one Aymi would prefer to hide,
apple or grapes?”), and the last one third had the first choice at the beginning and the second
choice at the end (e.g., “Elmay: mi saklamay: tercih eder Aymi iiziimii mii? (“Apple, which
one Aymi would prefer to hide, or grapes?”’). Two sets of questions only differ in the order of
choices presented and the character whom the questions are about. For example, the question
in one set “Elmayr mi saklamayt tercih eder Aymi iiziimii mii? (“Apple, which one Aymi
would prefer to hide, or grapes?”) is asked as “Uziimii mii saklamay: tercih eder Tibi, elmay:

mi?” (Grapes, which one Tibi would prefer to hide, or apples) in the other set.

Figure 2. Sample stimuli. Questions with familiar (right panel) and unfamiliar objects (left
panel).

There were 3 practice trials where the experimenter made sure that the child understood
the task (see Figure 3 from the child’s perspective during the experiment). The practice trials
served as calibration trials in the sense that children’s responses were deducible from his or her
hand and arm movements. After the practice session, the experimenter introduced a character
(either Aymi or Tibi) and asked the child if she could help this character’s choices. After asking

the first set of questions about one character, the experiment moved to the second set of
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questions about the other character. The order of question sets (Aymi or Tibi questions) was
counterbalanced across participants. For the decision-making task, the number of second
choices was summed and its proportion was calculated with respect to the total number of

questions answered. This percentage score was named as the recency score.

Figure 3. Child’s viewpoint during the practice trial

2.2.1.1Coding

We coded participants’ responses in the decision-making task. As revealed in the pilot
testing, children often used both verbal and nonverbal (e.g., pointing) responses. We first coded
whether responses were verbal or nonverbal. Then, we assessed the relations between these
two types of responses: (1) matched vs. mismatched (i.e., referring to the same choice), (2)
temporally synchronous vs temporally asynchronous (i.e., their temporal synchrony). With this
coding schema, we could compare responses across domains. We coded children’s responses
for each trial based on this coding schema. For example, a child can give only a verbal response
or non-verbal response. It is also possible that a child can give both verbal and non-verbal
responses for a single trial that can refer to the same choice (matched and temporally
synchronous) or to different choices (mismatched and temporally synchronous). Verbal and

nonverbal responses can also be made consecutively while referring to the same choice
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(matched and temporally asynchronous) or to different choices (mismatched and temporally
asynchronous). In addition, we excluded trials in which a child gave a response before the
whole question was being uttered. We have also excluded trials in which it took too long for
the child to respond (e.g., if looked around and waited for a while).

The first author and a research assistant coded 20% of the data independently for
reliability analysis (Cohen’s Kappa = .89). Once disagreements were solved via discussion,
they shared coding the rest of data.

2. 2. 2 Digit Span Tasks

We measured children’s phonological/verbal working memory with the subset of the
Turkish adaptation of WISC-4 that includes two-digit span tasks: forward and backward digit
span tasks. Turkish standardization, validity, and reliability of these tests have been established
(Savasir & Sahin, 1995). In the forward digit span task, children were first provided with
random digits and later were asked to repeat the exact digit array. The length of the digit array
was increased by one digit every two trials. After two practice trials, children were given one
point for every time they accurately reproduced the array. In the backward digit span task,
children were asked to repeat the given array in the reverse order (5, 3, 8” would become “8,
3, 57). After two practice trials, children were given one point for that reversed trial. In both
digit span tasks, the length of the digit array was increased by one digit every two trials. The
maximum score for both span tasks was 16. The tests ended when children could not recall
both sequences of a given array length.

2. 2. 3 Word Span Tasks

We used a second set of working memory task that was developed for this present study
based on the same principles of those previously constructed (e.g., Akoglu & Acarlar, 2014,
Blake et al., 1994); Pickering & Gathercole, 2001) with two additions. In this task, both the

word length (number of syllables) and set size (number of words per sequence) were
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manipulated. At each level, the number of syllables and words increased by one. In previous
studies, the word span tasks used nonsense words that are one syllable long (Brener, 1940,
added) and one to four syllables (Akoglu & Acarlar, 2014) or to five (Santos et al., 2006).
Meaningful words that are one syllable long (Unal, 2018; Engle, Cantor & Carullo, 1992) and
one to two syllables (Engle et al., 1991) such as animals (Blake et al., 1994) were also used.
Set size usually increases and is typically presented in ascending order (of set size). Also, there
are multiple trials for each set size (May et al., 1999). Overall, previous span tasks had either
an increasing set size over trials (Saito & Miyake, 2004; Pickering & Gathercole, 2001; Blake
et al., 1994) or increasing word length across trials but keeping the number of words per trial
constant (Archibald & Gathercole, 2006; Gathercole & Pickering, 2000; Gathercole &
Baddeley, 1996) (e.g., sets of 10, each containing two, three, four and five syllables- Gathercole
& Baddeley, 1996). Incorporation of the two is rare. For example, Hulme et al. (1991)
constructed a pool of 2, 3, and 4 syllables long words and created word sequences from 2 to 8
items by randomly choosing words. Additionally, Barrouillet et al. (1995) sampled animal
names to create an increasingly long series of animal lists. However, in both, the word length
per set does not increase as the size does. With our WM measure, children’s WM skills can be
measured more comprehensively and accurately since it not only represents its functioning as
of an increasing number of items (words) but also syllables of items (words).

This WM task included forward and backward word span. In the forward word span,
children were asked to recall a given set of words in the presented order. In the backward word
span, children were asked to recall the given sequence of words in the opposite order. In both
tasks, there were 2 different sequences of words in each level of sequence size. The smallest
sequence size is 1 and the longest one is 4. At each level, the number of syllables and items
increases by one. An example of the forward word span is the following (see Appendix C for

the entire stimuli list):
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1. Fil (Elephant)
2. Yangm — Seker (Fire-Sugar)
3. Sipirge- Semsiye- Telefon (Broom- Umbrella-Telephone)

After two practice trials, children were given one point for every time they accurately
reproduced the array in a forward or backward fashion. The test was terminated when a
participant inaccurately recalled both sequences of a given set. The maximum score for both
span tasks was 8.

2. 2. 4 Receptive Vocabulary Task

To measure children’s receptive verbal skills, we used the Turkish Receptive Language
Test (TIFALDI-R) (Berument & Giiven, 2010). This test is used with 2- to 12-year-old children
and contains 104 items which include 4 pictures each. In our online adaptation, we prepared a
PowerPoint presentation and the experimenter screen-shared it during the testing via Zoom.
First, once the child seated appropriately in front of the computer, the experimenter asked the
parent to arrange their camera view in a way that the child would not see herself or himself
during testing. The parent was also asked to move the camera shot of the experimenter to the
middle of the empty screen. Then, we administered a 4-point calibration designed for children
in which a bouncing shape (a green star and yellow sun) appeared in four different locations
on the screen. They were asked to show with their hands and arms when it appeared in each
location. Calibration was repeated until the child understood how to communicate online and
until the experimenter was confident in inferring the child’s hand and arm movements. Once
the calibration was successful, we presented each item, having 4 pictures at each corner of the
screen as in Figure 4a. In every item, the experimenter presented a word, and the child was
asked to choose which picture best refers to that word. Children’s responses were deduced by
their hand or arm movements by the experimenter. The experimenter could communicate with

the child in the case of miscommunication as “Is this the one you just showed?” (see Figure
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4b). With this design, a possible miscommunication, as can often take place in face-to-face
communication, could be solved as well. Two people coded 20% of the total participants’
responses for reliability analysis (Cohen’s kappa = .89). Once disagreements were solved via

discussion, they shared coding the rest of data.
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Figure 4. a) how the items were presented on the screen b) how the experimenter referred to
items when needed

2. 3 Procedure

The entire procedure was implemented online via Zoom. For the decision-making
task, after pilot testing, we have decided to use the Pavlovia platform to host our experiment
online with no desynchronization problems between visual and auditory stimuli. Parents were
instructed to open the Pavlovia link sent to them and shared their screen with the
experimenter. Participants completed the tasks in two or three sessions. Each session took
approximately 40-45 minutes per participant. At the beginning of the first session, parent(s)
were presented with brief information regarding the study and recording conditions. Once

they stated that they were ready to be recorded, the experimenter started recording and took



21

the verbal consent for participation. At the beginning of the session, children were warmed up
with the experimenter by explaining that they were going to play a game together.

First, the decision-making task was administered. The experimenter said that this
game was played by hands and positioned the child in front of their computer in the most
appropriate position with the help of the parent. Children were asked to decide as if they sat
side by side with the experimenter. Importantly, hand and arm movements of the child being
visible was crucial so that the experimenter could understand which option was chosen. We
avoided repeating the questions since it could affect children’s responses (Krahenbiihl &
Blades, 2006). Repeating the question differently could also lead to changes in intonation and
create biases over the options. Second, children were administered the working memory
tasks: digit span tasks and word span tasks. Finally, the Turkish Receptive Language Test
(TIFALDI-R) was administered. For half of the participants, the word span task was
administered as the last task and for the other half TIFALDI-R was administered as the last

task. The entire procedure was recorded via Zoom for later transcription and coding.
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3.1 Preliminary Analyses

First, to check whether there was a difference in two sets of questions (i.e., 2 different
imaginary characters for which children were asked) in terms of the outcome variable, we
conducted a dependent samples t-test. Results indicated no significant difference (p = .69).
Thus, we collapsed data across the outcome variable for any further analysis.

To check whether the sex of the participants affected their responses to different sets
of questions, we conducted a 2 (sex) X 2 (question set) mixed-design ANOVA. Results
showed that both main effects and the interaction between variables were not significant (ps >
.05). Additionally, to check whether there were sex differences in the working memory and
receptive language measures, we conducted several independent samples t-tests. Results
showed no significant sex difference (ps > .05). Therefore, we did not include sex as a
variable in further analyses. We included age as a continuous variable (in months) in our
further analyses. Given that both the forward and backward digit span tasks were not
associated with children’s recency score, ps > .05, we did not use the digit span tasks in our
further analyses as WM measures. Figure 5 shows the relationship between age and recency
score. Descriptive statistics for age, WM, language, and recency measures can be found in

Table 1. Table 2 depicts the correlation matrix.
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Figure 5. Scatter plot for the relationship between recency score and age (in months)

Table 1. Descriptive statistics of all measures

N Mean  Median SD Range
Age 59 53.37 53.00 10.11 36-71
Forward digit span 59 4.88 5.00 1.75 0-9
Backward digit span 59 2.14 1.00 2.28 0-6
Forward word span 49 5.57 6.00 1.35 2-9
Backward word span 49 3.10 4.00 2.28 0-7
Receptive language 51 67.76 72.00 17.14 20-92
Recency score (BB cond) 48 0.53 0.50 0.14 0.23-0.81
Recency score (EE cond) 48 0.55 0.53 0.15 0.20-0.87
Recency score (BE cond) 48 0.57 0.59 0.16 0.26-0.87
Recency score (average) 48 0.55 0.54 0.12 0.35-0.81
Note: SD = Standard deviation.
Note: BB cond: Beginning-beginning
condition; EE cond: End-End
condition

Table 2. Correlations between different measures
1 2 3 4 5 6 7

1. Age 1
2. Forward digit span score  .554™ 1
3. Backward digit span score  .647" 5147 1
4. Forward word span score ~ .5817 7357 5187 1
5. Backward word span score  .658" .610™° 745" 6347 1
6. Receptive language 7077 4227 686 .6407 .6807 1
7. Recency score -335" -0.274 -0.165 -.429™ -4797 -330° 1
*p<.05
**p <.01.

3.2 Do children exhibit recency bias after all?

Overall, 73.16% of the responses were only non-verbal responses, 1.05% were only

verbal, and 25.80% were both verbal-nonverbal responses. We did not differentiate these

response categories in terms of recency bias. First, we investigated whether children exhibit

recency bias in their responses with one sample t-tests. Given that recency score is from 0 (no

second choices were chosen) to 1 (always second choices were chosen), we tested their

performance against the chance level, 0.50 to see whether they performed above chance level,
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i.e., whether they show a significant tendency towards choosing the second choices). The
chance level analyses showed that children’s recency bias was above chance level in End-
End condition (M=.55, SD=.15), t(47)= 2.39, p< .05, and Beginning-End condition (M=.57,
SD=.16), t(47)= 3.01, p< .05, but not in Beginning-Beginning condition (p> .05)

To further investigate whether children showed a response bias not only towards the
second option but also the first one, we first computed primacy score by subtracting recency
score from 1. We then compared children’s primacy and recency scores in both question sets
separately and sets combined. Results of the Wilcoxon signed-rank test showed that recency
score was significantly higher than primacy score in the first block (z= -2.67, p < .01), the
second block (z = -2.19, p <.05), and blocks combined (z=-2.72, p < .01).

3.3 What are the underlying mechanisms of recency bias?

For our main analyses regarding underlying mechanisms of recency bias in children,
we used multi-level mixed effect models (Bates et al., 2015) on R (R Core Team, 2013).
Since our outcome variable was binary, we used logistic version of the model. The analyses
were conducted with the Ime4 package (Bates et al., 2014). We scaled our continuous
predictor variables intending to prevent convergence problems in models and ease the
interpretation (Bates et al., 2019). We used the probe_interaction function of the interactions
package (Long, 2019) when test and plot interactions involving a continuous predictor
variable. For visualization, we used the interact_plot function of the ggplot2 package
(Wickham, 2016).

We built two separate models, for question properties and individual differences in
cognitive skills. For each model, we started with the null model (i.e., the random intercepts of
participants and items as random effects). We added each predictor variable consecutively to
the model and compared it with the previous model.

3. 4 Recency bias and related question properties
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We first built a model to test our hypotheses about how particular question properties
relate to children’s preferences (Model 1). In this model, the outcome variable was preference
(binary). Our fixed effects included the main effects of age and familiarity, the two-way
interaction between age and familiarity, the question type, and the three-way interaction
among age, familiarity, and question type. Our final sample included 50 participants and 48
trials for each participant, 2400 in total. However, there were missing observations. For this
model, we selected observations that were missing on the outcome variable (preference) and
excluded them on a trial-basis, which corresponds to 109 observations. Thus, our final data
for this model included 2291 observations in total.

We first added age to the model. There was a main effect of age, y2 (1) =3.73,p =
.05. One point increase in age was associated with a decrease in recency bias by .18 + .09, z =
-1.96, p < .05 We then included familiarity to the model. The inclusion of familiarity did not
improve the model significantly, y2 (1) = 1.44, p = .23. Next, we added the two-way
interaction between age and familiarity, which did not significantly improve the model, 2 (1)
=1.89, p =.17. When we added the question type to the model, no significant improvement
in the model was observed, y2 (2) = 1.73, p = .42. As the last step, we included the three-way
interaction between age, familiarity, and question type. The three-way interaction did not
improve the model, either y2 (6) = 7.47, p = .28. However, slope analyses revealed that age
was associated with a decrease in recency bias by .47 £ .14 for the beginning-beginning
questions when the options are unfamiliar, z= -3.36, p < .05 (see Figure 6). A summary of the
final model can be found in Table 32,

In sum, these analyses showed that children’s recency bias was weaker as the age

increased. Although the overall three-way interaction was not significant, slope analyses

3 Alternatively, we also tried to build this model in a different way, by adding the main effects first,
then the two-way interaction between age and familiarity, and last, the three-way interaction between age,
familiarity, and question type. We obtain the same results as the previous model.
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showed that the association between age and familiarity yielded a decrease in recency bias
only in the Beginning-Beginning condition (i.e., when both options were at the beginning

“Elmayt mu iiziimii mii saklamay tercih eder Aymi?”).

Preference & Question properties
Beginning-Beginning End-End Beginning-End

Recency blas

Familiar

Unfamiliar

-1 0 1 -2 -1 1 -2 -1 ) 1

Age in months

Figure 6. The relationship between recency bias (i.e., choosing the second option) and scaled
scores of age in months as a factor of familiarity of options (Familiar vs Unfamiliar)

Table 3. Summary for recency bias and question properties

Model 1

Coefficient SE

FIXED EFFECTS

Intercept (=FAM / Beg-beg) -.05 .16
Age -.10 13
Familiarity (UNFAM) 22 19
Age X Familiarity -.36* 15
End-End Q. Type 21 19
Beg-end Q. Type 16 19
Age X Familiarity X End-End Q. Type 37 21
Age X Familiarity X Beg-End Q. Type 34 21

Variance SD
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RANDOM EFFECTS
Subject Intercept 34 .58
Item Intercept .06 25

Note: Significance codes = ***p <.001, **p < .01, *p < .05, fp <.1.

3.5 Recency bias and individual differences in cognitive skills

We built another model to examine how individual differences are in children’s
cognitive abilities relate to their recency biases and whether their effect might change
depending on the word order. For this model, we selected all missing observations and
excluded them list-wise. Thus, our final sample for this model included 1875 observations.
Our fixed effects were age, the Backward Word Span Task (BWS) scores, question type, the
2-way interaction between the Backward Word Span scores and question type, and Tifaldi-R
scores.

For the WM skills, we had two measures: The Digit Span Task and Word Span Task,
each having both the forward and backward versions. After excluding the Digit Span Tasks
due to not being associated with the outcome measure, we had the Forward and Backward
Word Span tasks. Yet, these two measures were correlated with each other (r=.634, p <.01).
The inclusion of both word span scores would induce collinearity. To avoid violating the
assumptions of regression, we only included the scaled scores of the Backward Word Span
task as the WM measure. However, our decision to pick the Backward Word Span task was
not only due to statistical reasons. In the decision-making task, participants went through
information encoding, maintenance, manipulation (when needed), and response
implementation processes, which is similar to the central executive component of WM. This
component is generally measured by complex WM tasks (e.g., backward span tasks) that
require not only storage but also manipulation of information (Blom et al., 2014; Gathercole
et al., 2004; Geier et al. 2009). Moreover, it is also argued that working memory capacity was

heavily determined by individual differences in the functioning of the central executive
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(Engle, 2002; Engle & Kane, 2004), which theoretically supports our decision to use the
Backward Word Span Task as a WM measure in this mixed effect model.

We first added age to the model. There was a main effect of age, y2 (1) = 3.85, p <
.05. One point increase in age was associated with a decrease in recency bias by .18 + .09, z=
-2.01, p< .05. We then included BWS scores to the model, which improved the model at a
marginal significant level, y2 (1) = 3.62, p = .06. One point increase in BWS scores was
associated with a decrease in the recency bias by .21 + .11, z=-1.94, p = .05. The inclusion
of question type, 2 (2) = 1.9, p = .38, and Tifaldi-R scores, y2 (1) = .71, p = .34, did not
significantly improve the model, consecutively. In the last step, we included the two-way
interaction between BWS scores and question type, which did not improve the model, x2 (2)
= 3.05, p =.22. Although the two-way interaction did not improve the model, our slope
analyses revealed that the BWS scores were associated with a decrease in recency bias only
in the beginning-beginning condition by .28 + .14, z = -2.08, p = .04*. A summary of the final
model can be found in Table 4.

In sum, children’s WM skills (BWS) were associated with decreased recency bias,
even beyond the effect of age. Also, although the overall three-way interaction was not
significant, slope analyses showed that the way BWS scores associated with recency bias
depended on the question type. Children’s BWS scores were associated with decrease in
recency bias only in beginning-beginning condition (i.e., when both options are at the

beginning “Elmay: mu iiziimii mii saklamay: tercih eder Aymi?”) (see Figure 7).

% The recency score was significantly associated with both the Forward (r= .43) and Backward Word Span Task
scores (r=.48) similarly, ps<.01. However, when we repeated the same analysis with the Forward Word Span
Task scores as WM measure, we did not find significant main effect and any interaction effect including the
Forward Word Span Task. See discussion section for further information.
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Figure 7. The relationship between recency bias (i.e., choosing the second option) and scaled

scores of Backward Word Span task scores as a factor of the question type.

Table 4. Summary for recency bias and individual differences in cognitive skills

FIXED EFFECTS
Intercept (=Beg-beg)

Age

Backward Word Span Score
End-End Question type

Beg-End Question type

End-End X Backward Word Span
Beg-End X Backward Word Span

RANDOM EFFECTS
Subject Intercept

Item Intercept

Model 2

Coefficient SE
.09 12
.01 12
.28* 13
15 .15
.18 .14
14 A1
20 F 12
Variance SD
.20 44
.06 .25

Note: Significance codes = ***p < .001, **p < .01, *p <.05, fp <.I.
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The current study examined whether (a) Turkish-learning preschoolers exhibited
recency bias in a flexible word order language, and (b) this bias was dependent on children’s
working memory and language skills. We found that children’s recency bias existed and grew
weaker as they age. The combination of certain question properties influenced their response
tendencies. Children’s WM skills, but not language skills, seemed to be a predictor of
recency bias, even after controlling for age.

4.1 Children exhibit recency bias

We overall found that children exhibit recency bias when responding to two-
alternative forced-choice questions. Moreover, their bias was consistent when the options
were in the opposite order, i.e., they were given two different question sets (Aymi and Tibi)
in which the options were in the opposite order. For example, if the question in one set was
“Elmay1 m1 saklamay tercih eder Aymi, {iziimii mii?”, it was asked as “Uziimii mii saklamay1
tercih eder Tibi, elmay1 m1?” in the other set. We found that children exhibit recency bias in
both question sets. This suggests that, regardless of the order we presented the options, they
consistently selected the last option, beyond stimulus effect.

We replicated age-related differences, showing that older children had less recency
bias than younger ones. Previous studies have consistently shown that children of different
ages do not behave the same way in terms of their recency tendencies in that younger
children show more substantial bias than older children (Mehrani & Peterson, 2015, 2017,
Sumner et al., 2019). For example, Mehrani and Peterson (2015) found that 3-year-olds had
the strongest recency bias while 5-year-olds had the weakest. Behzadnia and Mehrani
(2018)’s study that involved 5- and 6-years-old children showed that older preschoolers were
less susceptible to recency bias than younger ones. Age-related differences might be due to

still-developing cognitive skills and inexperience regarding interview-like situations. As
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children age, they might become more experienced with the demands of questioning
situations (Fritzley et al., 2013).
4.2 The effect of question properties on recency bias

The characteristics of the questions also seemed to be related to children’s recency
bias. We varied our questions in the familiarity of the objects in choices and the position of
these choices within the questions. Regarding the familiarity of the options, we found that
children’s recency bias was not affected by the option familiarity. This was contrary to most
of the previous evidence, suggesting that unfamiliar options yielded more prominent recency
bias (e.g., Behzadnia & Petreson, 2017, Mehrani & Peterson, 2017). We argue that the
difference between our findings and earlier research could be related to the operationalization
of object familiarity. Previous studies used unfamiliar options as those exist in real life
(Sumner et al., 2019, Okanda et al., 2012; Behzadnia & Mehrani, 2018) but were highly
likely to be unknown by children (Fritzley, 2000). We, on the other hand, used completely
unfamiliar and novel objects constructed for the present study. It is worth noting that even
using unfamiliar options as of the other previous studies, Sumner et al. (2019) did not find an
effect, either, possibly because of conducting the study with 2-year-olds.

Unfamiliar options may influence children’s recency bias not more than, at least
similarly, the familiar ones due to one other mechanism. In the unfamiliar condition, the first
option was highly engaging and attention-grabbing to children, creating a surprise effect. This
may have caused the first option to be better encoded, which could lead to having less
difficulty in retrieving it later at the end of the sentence. Then, the relative availability or
saliency of the last option would have been reduced. This way, it might be that we observed
less pronounced recency bias in the unfamiliar condition than otherwise would be with
unfamiliar options as of previous studies. Indeed, the same surprise effect may have

increased the chances of the last option to be better encoded as well. However, since it would
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not be as surprising as the first option, we may have still observed less pronounced recency
bias than otherwise we would expected.

Furthermore, with this enhanced interest upon the first unfamiliar option, children’s
cognitive resources throughout the rest of the sentence might have become more available
than they otherwise would be with the familiar options or unfamiliar options as of others.
This is in line with research showing that children attend novel objects during verb learning
(Behren, 1990; Golinkoff et al., 1992; Imai et al., 2008). Thus, children may have thought our
novel objects were worthy of attention and treated them as truly novel. Consistent with this
view, participants in the present study often asked what is it that they hear when they were
presented with novel options during testing. Nevertheless, given that the main effect of object
familiarity was attenuated when novel objects were used as unfamiliar objects, our results
demonstrate that more work is needed to understand how the degree to which familiarity of
options relate to recency bias. This can be done by experimentally manipulating familiarity
on a spectrum.

We also did not find a difference between familiar and unfamiliar condition as
children age. Previous evidence suggests that younger children have biases both for when
options are familiar and unfamiliar whereas older children have a more pronounced bias
when the options are unfamiliar (Mehrani & Peterson, 2017; Behzadnia & Mehrani, 2018).
Given the attenuated effect of familiarity, the increasing benefit of cognitive maturation
comes with increased age might have disappeared. In terms of the position of choices, we
found no effect of the question type on recency bias. Although this is in line with Sumner et
al. (2019), we expected to find the strongest recency bias in the beginning-end condition
(e.g., “Elmayt mi1 saklamay tercih eder Aymi UzimU mii? ”). The recency effect in this
condition may have been masked by another characteristic of flexible word order languages.

Although different word alternations are possible in languages like Turkish, what is near to
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the main verb becomes more salient and thus, possibly, more memorable. Therefore, the
tendency to choose the last option might have been challenged and faded away. The privilege
of the verb-adjacent option might be underlined by children not being able to master language
skills yet since they depend heavily on the syntactic relations more than the overall semantic
meaning when comprehending speech. In sum, we expected the recency effect to exist in this
condition due to the greater cognitive effort in retrieving the first option. However, given the
saliency of the verb-adjacent option, the recency effect may have been masked or attenuated.

When we tested the interaction among conditions of familiarity, question type, and
children’s age, even though the overall three-way interaction was not significant, the slope
analyses revealed that children’s recency bias decreased significantly when responding to the
unfamiliar options as they were older only in the beginning-beginning condition. As children
were younger, we observe the highest recency bias in the beginning-beginning condition
when options are unfamiliar (see Figure 6). The last option’s being adjacent to the main verb
may have contributed to recency bias to be the highest. However, as children aged, the
surprise effect of unfamiliar options might have been doubled when encountered both options
in a row in the beginning-beginning of the question. As the interaction was not significant,
we need to cautiously interpret these slope analyses and further studies should investigate
question type in more detail.
4.3 The role of individual differences in WM and verbal skills of children

In line with previous research, we found that working memory skills are related to
children’s recency bias. Children with better WM skills were less susceptible to recency bias
than children with lower WM skills. WM had an effect on recency bias, even after controlling
for age. The role of WM in children’s recency tendencies is also evident in previous evidence
on WM'’s key role in holding the earlier information until to-be-integrated information is

received. Then, WM integrates it with the upcoming information later in the sentence as the
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speaker constructs ideas and transforms them into the spoken language (Cowan et al., 2005,
Just & Carpenter, 1992).

Our results support Sumner et al. (2019)’s conclusion that WM-based constraints are
underlying factors of children’s recency bias. They found that children’s WM did not predict
recency bias, which might be due to their WM measure not being appropriate to the sample’s
age. However, their participants showed stronger bias when options were longer, which led
them to suggest WM-based mechanisms might be at play and to urge further research.
Building upon these suggestions, our study empirically showed that children’s recency bias
depended on their WM capacity, particularly backward word-span task, with age-appropriate
WM measures.

In terms of the association between children’s WM capacity and question type,
although the two-way interaction was not significant, the slope analyses again suggested a
significant decrease in recency bias as WM capacity increases only in the beginning-
beginning condition. As WM become more available, children should become better at
holding and integrating information as the sentence unfolds its meaning. Given that WM
develops late, throughout childhood into adulthood (Conklin et al., 2007; Gathercole et al.,
2004), children’s still developing WM skills may have not sufficed once the two options were
not adjacent to each other. As the distance between two options and the distance between the
onset and end of the sentence increases, children use their WM resources more. This is in line
with studies on adult level comprehension as well. For example, more verbal WM resources
are needed when the sentence is too long (Giustolisi et al., 2018) or when there are long-
distance subject-verb dependencies within a sentence, such as in garden-path sentences (“The
boat floated down the river sank” (Bever 1970). When the subject is uttered before the

relative clause, it has to be hold in memory until its predicate uttered (after the relative
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clause) (Giustolisi et al., 2018; Tan et al., 2017). However, we need to again approach these
results with caution as these are related to slope analyses.

Moreover, WM skills are crucial for language comprehension, learning and academic
success (Alloway, 2009) and problem-solving (Just & Carpenter, 1992), and cognitive control
(Baddeley, 1992; Graf et al., 2002). The role of WM in sentence comprehension may also
interact with the age of children (Montgomery, Evans & Gillam, 2009). As children grow
older, they may be able to benefit more from the flexible processing resources of the central
executive to improve the limited capacity of the phonological loop and the visuospatial
sketchpad systems. This can happen either by enhancing interdependent associations between
the central executive and the other sub-systems of WM. Alternatively, younger children may
depend only on the phonological loop and the visuospatial sketchpad, while a dominant and
salient central executive existing in older children (Gathercole et al., 2004). It is also possible
that, in terms of recency bias, children might not overcome WM-based limitations in a linear
fashion. Their WM capacity might remain steady and rise after reaching a certain point.

In terms of the association between working memory capacity and comprehension, it
is suggested that both simple and complex spans have a role (Robertson & Joanisse, 2010;
Swanson, 1992), the latter tapping more strongly to executively loaded tasks including both
storage and manipulation of information. In our study, we found that both forward and
backward word span scores were negatively associated with children’s recency bias.
However, the backward version of the task was better at detangling individual differences.
This is supported by evidence showing that working memory capacity was best reflected by
individual differences in the performance of the central executive (Engle, 2002; Engle &
Kane, 2004).

We, however, did not find an association between children’s receptive language

scores and recency bias. Although verbal skills were argued to have an underlying role on
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recency bias (Moriguchi et al., 2008; Okanda & Itakura, 2010), Sumner et al. (2019) did not
find such an effect either. In their study, independent coders rated children’s verbal skills on a
scale of 1 to 4 based on their observations in the waiting room before testing. In our study, we
used a standardized task, the Turkish Receptive Language Test (TIFALDI-R) (Berument &
Giiven, 2010), to assess children’s language skills. However, since ours was an online study,
the task might have been too demanding or tiring for children. Moreover, our language test
measures the vocabulary knowledge. Recency bias might be associated with language skills
beyond vocabulary such as syntactic knowledge. If we had used a measure requiring
knowledge on the syntactic components of language, we would have observed such an effect.
4.4 Language and memory systems in general

Our study provides broader insights into language and memory processing in children.
Imagine a child responding to the following questions: “Would you like to play with a bicycle
or motorcycle? . First, from a psycholinguistic perspective, the child must comprehend the
syntax and semantics of the question to answer it (Lee & Eskritt, 1999). However, this may
not always be the case. Our findings challenge the assumption that children’s verbal
utterances are strong indicator of their word comprehension. This poses a caution especially
for using parents’ reports about child language development. For example, in developmental
studies, parent’s reports on children’s verbal production were often used to indicate
children’s lexical knowledge with the MacArthur Bates Communicative Development
Inventories (Fenson et al., 2007). If children can respond to their parents with response biases
without parents being aware of it, parents can, with the same assumption, unintentionally
misinform researchers (Sumner et al., 2019). In sum, the fact children can respond and act as
active communication partners may not reflect their conceptual understanding. It is also

possible that they may not be fully mindful decision-makers.
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Second, from a situational/pragmatics perspective, the child must engage in social and
communicative conventions when answering a question. Children appreciate the
communicative intentions of their conversation partners early on (Liebal & Tomasello, 2009).
For example, they can understand forced-choice questions requiring a response by 17 months
of age (Choi, 1991). When children are asked a question, several communicative factors
come into play. For example, she or he needs to keep track of factors related to the context,
question, and the purpose of the communication (Mehrani, 2010). Therefore, recency bias, in
a way, might reflect children’s understanding that a response is being requested. Then, with
this communicative urge, their effort/motivation to be a cooperative communication partner
can be more pronounced than getting the specific/complete meaning. In other words, children
can follow the urge to communicate without fully understanding the question itself.
Understanding exact mechanisms of children’s response biases may offer a window into the
pragmatic development and the way in interferes with linguistic semantics. Nevertheless,
how recency bias is related to a variety of social interactions remains to be an open question.

Finally, the child needs to draw on their knowledge repertoire and deliver her or his
response in the form of language (Mehrani, 2010). In sum, responding to a question properly
involves using knowledge at multiple levels of language processing. The existence of recency
tendencies may contribute to our understanding of language processing from a variety of
perspectives.

Moreover, our decision-making task can be considered a memory-dependent task. The
degree to which verbal resources are recruited might depend on task’s demands on memory
systems. This might explain why we did not find an effect of children’s verbal skills scores
given that our task depends more heavily on memory systems rather than language systems.
In our study, verbal resources may not respond to the task demands as strongly as working

memory or memory systems did. Additionally, half of the questions children were questioned
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about novel objects that cannot be sourced back to pre-existing language knowledge about
the world, making language resources dispensable but memory resources indispensable.
Hence, we can speculate that children’s verbal skills could have had a more salient role in
their decision-making processes if this had been more of a language-dependent task. The
research by Kartalkanat and G6ksun (2020) supported this view. They found that children’s
recall performance in a story-telling activity depended on their verbal abilities but not
working memory. Children who had better language scores recalled more information than
children who had lower language scores (Kartalkanat & Goksun, 2020). In sum, these may
suggest that individual differences in memory and language systems might be associated with
different processes, in other words, recruiting different resources.

4.5 Practical implications

The present study contributes to the online experiment movement in psychology
(Hartshorne, 2020). Online research has a great potential to move the field forward towards a
more robust science when especially accompanied with practices such as pre-registration and
data sharing (Leshin et al., 2020). Recent developmental studies suggest that web-based data
collection is a viable alternative to lab experiments (e.g., Nussenbaum et al., 2020; Scott &
Schulz, 2017; Scott, Chu & Schulz, 2017). Our study builds on them by showing that it can
be implemented with using broadly available tools (e.g., Powerpoint, Zoom) without
advanced programming knowledge.

Why is it important to uncover the mechanisms governing/underlying children’s
response biases? Questioning children is one of the most used methods to gather information
from children (Ceci & Bruck, 1993) and used in a variety of contexts including but not
limited to parent-child interactions (Cameron-Faulkner et al. 2003), medical settings (von
Bayer et al., 2009), eyewitness testimony and forensics (Krahenbihl & Blades, 2005;

Newcombe & Dour, 2001), and social work (McGough and Warren, 1994. In addition,
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response biases are important for other areas such as learning (Mavrou et al. 2013), logical
reasoning (de Chantal & Markovits, 2017), and problem-solving (Cuccio-Schirripa & Steiner,
2000). Consequently, disclosing response biases children might have towards these kinds of
questions holds a vital importance.

Our results revealed that when working with young children, two-alternative forces-
choice questions should be used with caution, if possible, be avoided especially as children
are younger. Evidence suggests that open-ended or free-recall questions can elicit longer and
more accurate responses from children (Brown et al., 2013; La Rooy et al., 2015) (but see
also Peterson et al., 1999; Waterman et al., 2001). However, they may fail to respond
appropriately when questions are unclear and incomprehensible (Fritzley, 2000; Peterson et
al., 1999), and especially younger ones may do so given their underdeveloped cognitive
capabilities (Aldridge & Wood, 1998; Fritzley et al., 2013). In situations where forced-choice
questions are required (i.e., children are not giving information as much as needed
otherwise), researchers should avoid repeating questions by rephrasing them and make sure
alternative choices are fairly counterbalanced. We would also recommend that, as we
benefited a great deal during data collection, adult questioners should minimize
environmental/external distractions, take some time to build a warm connection with the
child before questioning and explain what the child exactly should expect next.

Investigating children’s response tendencies has implications not only for applied
settings but also for developmental research (Mehrani, 2010). While forensic interviews
generally rely on unstructured questions to gather as much information as accurately as
possible, developmental research relies more heavily on structured questions so that the
variation among children cannot be due to the differences in questions per se (Fritzley, 2000).
The way children are questioned as an empirical method is often neglected in developmental

research (Ceci & Bruck, 2006; Fritzley et al., 2013) although questioning children has been



42

the primary data collection method in empirical developmental studies (Behzadnia & Rad,
2020; Fritzley & Lee, 2003). Without better understanding biases leaking into developmental
research, we may never reveal their true capabilities or biases to which they suffer from
(Fritzley et al., 2013). Therefore, it is crucial to understand how developmental phenomena
are tested and how questioning procedures affected the participants (Fritzley, 2000).
Understanding how children respond to questions will potentially lead the studies to have
more appropriate designs to gather information from children (Behzadnia & Rad, 2020).Our
results extend this research by showing that not only question-related factors, but also
individual differences WM capacity may be linked to children’s decision-making processes.
4.6 Limitations and future directions

The current study provides a systematic investigation of children’s recency bias when
answering two-alternative forced-choice questions. One of the strengths of our work is that it
draws advantage from the mixed effect analyses that allow us to simultaneously take all
potential factors into consideration (Baayen, Davidson & Bates, 2008). Still, it has some
limitations. One caveat of the present study is about sample characteristics. In fact, with
online data collection, we could reach a sample relatively more diverse than a lab sample
with respect to geography (i.e., families from outside of Istanbul, where the lab is situated,
could join the project, such as Adana, Eskisehir, Mersin, Ankara, Antalya). The sample was
still a convenience sample. It involved families who heard about the project via our
advertisements and could afford a computer and stable internet connection. Second, although
we could achieve certain amount of variability in our individual difference tasks, future
studies can use, for example, targeted advertising to further increase the sample diversity.
This can also be effective for particular future projects that needs to reach out certain

populations that would otherwise be beyond reach (Leshin et al., 2020).
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Third, online data collection can bring new challenges for researchers working with
children. Since our whole procedure required participants being required to be in front of a
computer, parents had to sit aside the entire time. We made sure that parents sit behind their
children and not limited their movements. We also discarded trials where parents attempted
to invade children’s decision-making processes. However, parent presence might still
influence children. Moreover, we also aimed to control the size of all visuals by requiring our
participants to join the zoom call via computer rather than any other device. Unfortunately, it
was impossible to have high control over it as in laboratory testing since everyone has
different technological equipment. More work is required to better delineate the possible
situations that can occur in online testing as well as how appropriate precautions can be
improved.

Although being in the comfort of their own homes with their accustomed devices,
children may have found online testing less engaging compared to laboratory settings. We
tried to control the prosody and intonation in the decision-making task by playing pre-
recorded audio. Even though the experimenter was present and could be seen by participants
during testing, children still knew that they were not interacting completely with the
experimenter. Children may have been more attentive if the experimenter always
communicated live. However, this can also be a limitation since it may increase the chance of
having differences in stress among trials and options within trials. We were also careful in
selecting the verbs to be commonly used and neutral. Future research can further investigate
whether recency bias would change depending on the concreteness, frequency and valence
(positive vs negative) of the actions in which children were questioned about. In addition, the
online implementation of the measure of individual differences in receptive language
(Tifaldi-R) was probably more difficult -and potentially more problematic than laboratory

counterpart- because it took the longest time among our tasks. Therefore, children could
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become bored more in less time. Future studies can address these issues by employing shorter

tasks and different paradigms including a more active participation from children.
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In conclusion, this study examined children’s recency tendencies in a free word order
language with respect to individual differences in a systematic way. It is important to note
that the present research was first to investigate children’s recency tendencies to forced-
choice questions in a flexible word order language. Children exhibited recency bias even
when the options were switched between each other, which suggests a true difficulty in their
decision-making processes. Older children experienced weaker recency bias than younger
children. Whether the options were familiar and positioned in different word orders did not
have an effect in isolation. Older children had weaker recency bias than younger ones when
responding to unfamiliar options that both were positioned at the beginning of the question.
Children with higher WM skills (but not verbal skills) were less susceptible to recency bias.
Individual differences in cognitive resources available to children seemed to interact with
word order alternations, such that, children’s recency bias decreased as their WM skills
increased when both options were encountered at the beginning of the question. In addition,
the descriptive information regarding each word order shows that children had the strongest
bias in beginning-end condition. This is not necessarily contradicting with the findings of
multi-level mixed-effect models. Rather, it suggests that children exhibit recency bias that
interacts with individual differences in cognitive skills.

Together, our findings shed light on children’s preferences, suggesting that it has
foundations in heuristics and biases, especially early in life. Response biases are possibly
valuable in making quick decisions and judgements at the earlier stages of language and
memory development. However, as children age and their cognitive skills develop, they

overcome this dependency and become freer of their biases.
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APPENDICES

Appendix A: List of objects and questions used across conditions

Choice 1  Choice 2 Question
Kap1 Masa Kapiy1 m1 masayr m1 yikamayi tercih eder Aymi?
Eamiliar Ayakkab1 Ceket Ayakkabiya m1 cekete mi dokunmay tercih eder Aymi?
both Tren Ucak Treni mi ucagr m1 kurcalamayi tercih eder Aymi?
choices at Bigak Kagik Bicagi m1 kasigi mi kullanmayi tercih eder Aymi?
'{he_ Burer Nilha Bureri mi mlhayr mi1 kurcalamayi tercih eder Aymi?
beginning Unfamiliar Dega Unve Degay1 m1 unveyi mi kullanmayi tercih eder Aymi?
Blma Lerun Biimay1 m1 lerunu mu yikamayi tercih eder Aymi?
Pizadeni  Terka Pizadeniye mi terkaya mi1 dokunmayi tercih eder Aymi?
Lamba Televizyon Hangisini sallamay1 tercih eder Aymi, lambayr m1 televizyonu mu?
Eamiliar Kulak Parmak Hangisini tutmayi tercih eder Aymi, kulagi m: parmag) mi1?
Araba Bisiklet Hangisini yuzdirmeyi tercih eder Aymi, arabayir mi bisikleti mi
chc?i?:fehs at Kus Tavuk Hangisine bakmayi tercih eder Aymi, kusa mu tavuga mi?
the end Dedinubi  Santu Hangisini sallamay1 tercih eder Aymi, dedinubiyi mi santuyu mu?
Unfamiliar Dor Kudar Hangisine bakmayi tercih eder Aymi, dore mi kudara mi?
Dakiil Zasir Hangisini tutmay1 tercih eder Aymi, daktll mi zasirn mi1?
[lmasan  Kobika Hangisini yuzdirmeyi tercih eder Aymi, ilmasam mi1 kobikayr mi1?
Elma Uziim Elmay1 m1 saklamay1 tercih eder Aymi UzUmuU mu?
one Familiar Kamyon  Otobis Kamyonu mu almayi tercih eder Aymi, otobsti mi?
choice at Bocek Karinca Bocegi mi yakalamayi tercih eder Aymi karincayr m1?
the Limon Sogan Limonu mu yikamayi tercih eder Aymi sogani mi1?
beginning Yalem Yedar Yalemi mi saklamay1 tercih eder Aymi yedar: mi?
one at the Unfamiliar Bikirum  Maka Bikirumu mu yakalamayi tercih eder Aymi makayi mi1?
end Burig Cukil Burici mi yikamay1 tercih eder Aymi cukili mi?
Kenu Nesanbag  Kenuyu mu almayi tercih eder Aymi, nesanbagi mi1?

Note: List for the first block. In the second block, the order of choices were flipped for each question.
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Appendix B: The Full List of Image Stimuli

The entire image stimuli for familiar and unfamiliar choices can be found in this link:
https://docs.google.com/document/d/1BFdthDOG_e7v2Dw5Yr2gyXfOMwVJUOAeyEs4VL
RMMPE/edit



https://docs.google.com/document/d/1BFdthDOG_e7v2Dw5Yr2gyXf0MwVJUOAeyEs4VLRMMPE/edit
https://docs.google.com/document/d/1BFdthDOG_e7v2Dw5Yr2gyXf0MwVJUOAeyEs4VLRMMPE/edit
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Appendix C: The Forward and Backward Word Span Tasks

a. Forward Word Span Task

Deneme 1: Fistik — Havlu Deneme 2: Sakiz- Cicek
1 Fil-tuz COp-Top
hece
2 Yangin -Seker Baykus — Firin
hece
3 Slpurge- Semsiye- Telefon Tuvalet- Caydanlik — Pencere
hece
4 Battaniye- Matematik- Kalorifer- Bilgisayar —-Kaplumbaga- Muhallebi-
hece | Televizyon Ayakkabi

b. Backward Word Span Task

Denemel: Market- Kopri Deneme 2: Bahce- Perde
1 Tuz-Sag Bot-st
hece
2 Recel-sapka Kukla — Tarak
hece
3 Patates — Sinema — Kumanda Tarhana — Hastane zirafa
hece
4 Salatalik- Helikopter- Karasinek- Kertenkele- Denizalti- Dogumgiinii-
hece | Uyurgezer Ktluphane




