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What can wh-questions tell us about real-time language production: Evidence from 
English and Mandarin 

Monica Do, Elsi Kaiser & Pengchen Zhao*

Abstract. We present two visual-world eye-tracking experiments investigating how 
speakers begin structuring their messages for linguistic utterances, a process known 
as linguistic encoding. Specifically, we focus on when speakers first linearize the 
abstract elements of their messages (positional processing) and when they first assign 
a grammatical role to those elements (functional processing). Experiment 1 de-
coupled the process of linearization from grammatical role assignment using English 
object wh-questions, where the subject is no longer sentence initial. Experiment 2 
used Mandarin declaratives and questions, which have the same word order, to test 
the extent to which findings from Experiment 1 were linked to information focus 
associated with wh-questions. We find evidence of both grammatical role assignment 
and linearization emerging around 400-600 ms, but we do not find evidence of the 
+/- wh distinction influencing eye-movements during that same time window.   
Keywords. sentence production; visual world eye-tracking; wh-questions; linguistic 
encoding; sentence formulation 

1. Introduction. Language production is understood to be multi-stage and incremental, meaning
that although production proceeds in a step-by-step fashion, speakers do not have to wait until 
every step of production is completed before starting their utterances (e.g., Schriefers et al., 
1998; Ferreira and Swets, 2002; Levelt, 1989). In fact, speakers tend to plan only a small chunk 
of their utterances before speaking; the rest is planned “on-the-fly (Levelt, 1989; Bock and Lev-
elt, 1994; Schriefers et al., 1998).  

The messages that speakers intend to communicate are made up of pre-linguistic content that 
must be translated into an utterance. This process of moving from abstract, unstructured content 
to sequentially produced strings is known as linguistic encoding. It is at this level of production 
that the individual elements of the message must be assigned a grammatical function (e.g. sub-
ject, object, etc.) and a position in the sentence. These processes are known as functional and 
positional encoding, respectively (Bock and Levelt, 1994; Garrett, 1980, 1988).  

However, an open question concerns not only the starting point for linguistic encoding, 
but also the interaction between the processes of functional and positional encoding. For in-
stance, is linguistic encoding primarily driven by the assignment of grammatical roles (functional 
encoding processes) or word ordering operations (positional encoding processes)? Because work 
in English has predominantly focused on the production of simple transitive declaratives (but see 
Momma et al., 2018 for work on unaccusatives), delineating between functional and positional 
encoding processes has been challenging precisely because both processes are predicted to begin 
with planning of the subject. Consequently, work in English has led to conflicting results: Some 
work (Gleitman et al., 2007; Brown-Schmidt and Konopka, 2008; Myachykov and Tomlin, 
2008; Myachykov et al., 2011, 2012; Tomlin, 1995, 1997) suggests the first step in linguistic 
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encoding is to directly encode the most salient lexical concept as the linearly-initial item in the 
sentence. In a language like English, where the subject typically appears sentence-initially, that 
lexical concept becomes the de facto subject of the sentence. Other work, by contrast, has sug-
gested that rather than assignment to a positional slot in the sentence, individual concepts are 
directly assigned to grammatical roles, beginning with the role of the subject (e.g. Griffin and 
Bock, 2000; Lee et al. 2013; Bock et al., 2003, 2004). For instance, Griffin and Bock (2000) used 
a visual-world eye-tracking paradigm to show that speakers first fixate the subject of the sen-
tence regardless of whether the sentence is active (‘The dog chased the mailman.’) or passive 
(‘The mailman was chased by the dog.’). In other words, speakers linguistically encode the sen-
tence of the subject first, regardless of whether the subject is the semantic agent (i.e. ‘doer’ of the 
action) or patient (i.e. the entity the action is done to). 

At the same time, results from cross-linguistic work using flexible word order (e.g. work 
by Hwang and Kaiser (2014) in Korean; Myachykov et al. (2010) in Finnish, and Myachykov 
and Tomlin (2008) in Russian) and verb-initial languages (e.g. see Norcliffe et al. (2015) for 
work in Tzeltal and Sauppe et al. (2013) for Tagalog) has been similarly difficult to interpret. 
Results have varied between languages (see Myachykov et al., 2011 for review) and have often 
not directly addressed potential effects of discourse-pragmatic factors (see Sekerina, 1997; Kai-
ser and Trueswell, 2004 for discussion) or have been complicated by morphological 
considerations (see Norcliffe et al., 2015). 

In order to shed further light on the process of linguistic encoding – an in particular, on 
how the language production system coordinates functional versus positional encoding processes 
– the current work uses the visual-world eye-tracking paradigm to investigate the real-time pro-
duction of declaratives and object wh-questions (‘Which nurses did the mailmen photograph?’) 
in two typologically different languages. Prior work in language production has suggested that 
the relevant time window for linguistic encoding in a visual-world paradigm typically occurs 
400-800 ms after speakers see the image they are going to describe. Consequently, we focus our 
analyses and discussion on the period immediately surrounding this time window (e.g. from tar-
get image onset to 1000 ms after image onset), though we do track speakers’ eye-movements 
through the end of each utterance.1 
2. Experiment 1: Declaratives and wh-Questions in English. Unlike prior work in production,
which has typically focused on the production of declaratives, this work investigates the real-
time production of object wh-questions. Experiment 1 focuses on these structures in English be-
cause the object of these sentences is obligatorily preposed to the sentence-initial position (1a-b). 
Crucially, because the grammatical subject of object wh-questions is no longer the linearly initial 
item in the sentence, we are able to observe the process of linguistic encoding when effects of 
functional encoding (e.g. subjecthood assignment) are divorced from the effects of positional 
encoding (e.g. linear word order).  

(1a) Declarative: The mailmen photographed the nurses. 
Subject  Verb  Object 

(1b) Object wh-Question:  Which nurses did the mailmen photograph? 
Object   Subject  Verb  

2.1. PREDICTIONS. If the starting point of linguistic encoding is driven by positional encoding 
processes, we expect that the sequence of linguistic encoding in English declaratives versus ob-
ject wh-questions should differ as a result of differences in their linear word orders. In particular, 

1 For these details, we refer the reader to Do and Kaiser (under revision).
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if the first step in linguistic encoding is to assign a concept to the linearly-initial slot in the sen-
tence, then we expect that speakers should first plan the subject of declaratives, but the object in 
object wh-questions. However, if the starting point of linguistic encoding is driven by grammati-
cal function assignment – namely, subject assignment - speakers should encode the subject first 
regardless of whether they ultimately produce a declarative or object wh-question.  
2.2. PARTICIPANTS. Data from 30 native speakers of American English, recruited from the Uni-
versity of Southern California, were submitted for analysis.  
2.3. MATERIALS AND DESIGN. Participants were asked to produce either a declarative statement 
or object wh-question about images that were presented to them on a computer screen. In order 
to encourage participants to ask an object wh-question (e.g. rather than a subject wh-question 
such as ‘Which mailman photographed the nurses?’ or a yes/no question such as “Did the mail-
men photograph the nurses?”, participants told to ask a question about the characters that the 
action was happening to; they were also given only object wh-questions in example and practice 
items. Participants knew when to produce declaratives versus questions based on the cue that 
was presented to them prior to each to-be-described image: An ‘S’ preceding the target image 
indicated that participants should produce a statement about the upcoming image while a ‘Q’ 
indicated that participants should produce a question.  
Each target image consisted of two sets of characters, which were left/right balanced and ap-
peared as the subject of the sentence an equal number of times. Every image also included an 
instrument object which denoted the verb that participants should produce in their sentence (e.g. 
Koenig, 2003; McRae et al., 2005; Sussman, 2006). For instance, the camera (Figure 1) signaled 
to participants that they should produce the verb ‘photographed’. Verbs were chosen such that 
participants could not predict which characters were likely to be the subject/object of the action 
based only on the verb. Instead, participants were told to use the location of the verb-denoting 
instrument to determine subject/objecthood: Characters closer to the verb instrument were the 
subjects of the sentence. A sample image is shown in Figure 1. 

 
Figure 1 Sample 'mailman photographing nurses' item. Participants produced ‘The mailmen pho-

tographed the nurses.’ if they had seen an ‘S’ on the previous screen; they produced ‘Which 
nurses did the mailmen photograph?” if they had seen a ‘Q’ immediately prior. 

Participants were instructed to name all and only the names of the characters/objects on the 
screen and to start their sentences as quickly as possible. When they had finished saying their 
sentence out loud, they used a button on a game controller to advance to the next screen.  
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We also included thirty unrelated filler items for which participants were required to produce 
either declarative or interrogative sentences.2  

2.4. PROCEDURE. Participants’ eye-movements were recorded using an Eyelink II eye-tracker 
(SR Research), sampling at 500Hz. Participants’ utterances were also recorded. Before moving 
on to the main experiment, participants learned the names for each of the characters and verb-
denoting instruments used throughout the experiment.  

2.5. RESULTS. Trials in which participants failed to produce the correct sentence type or used the 
wrong names for the images were excluded from analysis. We computed utterance onset times 
for each trial using Praat (Boersma and Weenink, 2009). Trials where participants took too long 
to begin their sentences were excluded based on the Mad-Median rule (Wilcox, 2012). These 
exclusions affected 15.43% of the data. To compare the strength of the subject-preference across 
sentence types, we calculated Subject-Object Advantage Scores. Following prior work, these 
Advantage Scores were calculated by subtracting the proportion of looks to the object from the 
proportion of looks to the subject at each time point (e.g. Kaiser, 2011; Arnold et al., 2000; Ar-
nold et al, 2007). Those were analyzed in R (version 3.3.2; R Core Team, 2016) using 
Cumulative Linked Mixed Models within the ordinal package (Christensen, 2015). In all cases, 
effects where |z| > 1.96 were judged to be significant.  

 
Figure 2 English: Proportion of looks to the Subject (light) and Object (dark) characters from 

Image Onset. In all time windows, SE < .003.  
 

                                                
2 We also included a separate interference word manipulation. Because those results are not relevant to the inter-
epretation of the eye-movement data presented here, we do not discuss them further. For further details, see Do and 
Kaiser (under revision). 
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Note that we are primarily interested in the beginning points of linguistic encoding – in other 
words, well before speakers even begin uttering their sentences. Thus, Figure 2 plots the propor-
tion of looks to the subject versus object characters for the first 1000 ms after critical image 
onset.3 People usually start to speak around 1200 ms after image onset, but this is beyond the 
window of interest for the starting point of linguistic encoding.  Thus, what we focus on in our 
analyses are the moments before people start to utter the subject of the sentence.  

During the first 200 ms after image onset, we find essentially no looks to either the subject 
or the object; this is true for both declaratives and object wh-questions. This is expected, because 
it takes approximately 200 ms to program and launch an eye-movement (e.g. Matin et al., 1993). 
In the 200-400 ms time window, the proportion of looks to the subject and object also show a 
comparable proportion of looks to the subject and object across sentence types; this is confirmed 
statistically, as we find no difference declaratives and questions during this time window. After 
the 200-400 ms time window, however, we begin to see broad differences in eye-movements for 
declaratives versus questions. In declaratives, we find that speakers consistently show a larger 
proportion of looks to the subject from the 400-600 ms time window onward. More specifically, 
looks to the subject steadily increase beginning around 400 ms, while the proportion of looks to 
the object remain unchanged: Across all time windows, the proportion of looks to the object are 
below .15. In questions, the proportion of looks to the subject increases in both the 400-600 and 
600-1000 ms time windows, similar to declaratives. However, we find that in contrast to the eye-
movements for declaratives, looks to the object increase in questions starting from the 400-600 
ms time window and clearly overtake looks to the subject by the 600-1000 ms time window. 
Overall, the bar chart reflects a larger difference (i.e. a greater subject advantage) between the 
looks to the subject (light) versus object (dark) in declaratives than in questions. We assessed this 
subject advantage statistically and confirmed what is visible in the bar charts: There is a margin-
ally significant difference between declaratives and questions at 400-600 ms that reaches 
significance by the 600-1000 ms window (|z| > 2).  

2.6. DISCUSSION. Prior work in production has tended to focus on declarative, transitive sentenc-
es in English, where the subject of the sentence is also the linearly initial argument (cf. Momma 
et al., 2018). The current work uses English object wh-questions, where the object linearly pre-
cedes the subject (e.g. ‘Which nurses did the maids tickle?’) to investigate whether the language 
production system linearizes the elements an utterance before assigning grammatical roles to 
those elements or vice versa. 

We find that in declaratives, speakers almost exclusively look to the subject immediately 
after image onset (we find very few looks to the object). Meanwhile, in object wh-questions, 
speakers initially prefer the subject (e.g. there is a subject advantage in the 400-600 ms time 
window), but this subject preference is short-lived: Looks to the object increase by the 600-800 
ms window. Thus, one main finding of Experiment 1 is the fundamental differences speakers’ 
eye-movements in declaratives versus object wh-questions. We suggest that this difference re-
flects the way that speakers are able to resolve different demands arising from the linearization 
problem in language production. In declaratives, for instance, the linearization problem can be 
resolved straightforwardly: Because the subject is the first element of a declarative utterance, 
speakers can freely choose either to first linearize the elements of an utterance or to assign a 
grammatical role to those elements. In either case, the subject of the sentence will be encoded 

3 We do not plot here proportion of looks to the verb because the verb is not central to our predictions. For addition-
al information and discussion, see Do and Kaiser (under revision). 
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first. In line with this, we find that speakers quickly direct their gaze to the subject in declara-
tives, while the proportion of looks to the object remains consistently low. Object wh-questions, 
by contrast, force the language production system to weigh the need to linearize the object of the 
sentence first (e.g. because it appears sentence-initially) against the need to assign a syntactic 
subject to the message. The competition between these demands is reflected in speakers’ eye-
movements beginning around 400 ms when we find that the proportion of looks to the subject 
and looks to the object rise in parallel.  

It is important to note, however, that although we did find looks to the subject and object 
increasing in parallel in object wh-questions, our results also provide evidence that grammatical 
role assignment (functional processing) may play a privileged role in linguistic encoding. In par-
ticular, speakers’ eye-movements show both an initial preference for and a higher proportion of 
looks to the subject during the time window typically associated with linguistic encoding. These 
results suggest that linguistic encoding can start with grammatical role assignment, even when 
this conflicts with the linear word order of the utterance. More broadly, though, the earlier emer-
gence of the looks to the subject suggests that the first step in linguistic encoding may be 
grammatical role assignment. In line with what is predicted by a functional-processing first ac-
count, speakers turn their attention to the subject even when the subject is not in the linearly-
initial position. 

3. Experiment 2: Declaratives and wh-Questions in Mandarin Chinese. Experiment 1 
showed that during the time window typically associated with linguistic encoding, speakers con-
sider the subject of the sentence before turning their attention to the object of the sentence. This 
is reflected by the fact that looks to the object only begin to increase only after the 400-600 ms 
time window. An open question not addressed by Experiment 1, though, is what drives those 
increased looks to the object in wh-questions.  

One possibility is that increasing looks to the object may be driven by the word order of 
the utterance. In other words, speakers turn their attention to the object during linguistic encod-
ing to assign the object a linear position in the sentence (e.g. positional processing). However, 
wh-phrases have been analyzed as discourse-pragmatically privileged, informationally focused 
elements. A different possibility, then, may be that the increased looks to the object in object wh-
questions could be attributable to focus, rather than positional processing effects. Thus, the pri-
mary goal of Experiment 2 is to investigate the extent to which the results in Experiment 1 may 
have been influenced by information focus associated with wh-questions. 

To tease apart the role of word order and information focus in driving looks to the object 
in Experiment 1, we conducted a parallel experiment in Mandarin Chinese. We choose Mandarin 
Chinese because of two crucial properties: First, Mandarin is a canonically Subject-Verb-Object 
(SVO) language, where the subject appears sentence initially. Because of this, the process of 
linearization in Mandarin – like declaratives in English – do not force the language production 
system to choose between linearization and grammatical role assignment. Second, declaratives 
and object wh-questions share the same SVO word order (2a-b). This allows us to observe poten-
tial information focus effects when constraints such as grammatical role assignment and linear 
word order are held constant across sentence types.  

(2a) Mandarin Declarative:  救生员们    采访了              护士。 
      The lifeguards    interviewed       the nurses 

(2b) Mandarin Wh-Question:  救生员们           采访了      哪个护士? 
      The lifeguards    interviewed      which nurses? 
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A secondary advantage of extending our work to Mandarin Chinese was to explore 
whether the production of object wh-questions in a wh- in situ language, such as Mandarin Chi-
nese, would pattern like in English, where the wh-dependency is formed overtly. Specifically, a 
growing body of work (e.g. Xiang et al., 2014, 2015; Aoshima et al., 2004, Ueno and Kluender, 
2009) has provided experimental evidence to corroborate prior theoretical claims (e.g., Aoun and 
Li, 1993; Huang, 1982; Cheng, 1991) that the same cognitive processes involved in the compre-
hension of overtly constructed dependencies also apply to covert ones. For instance, prior work 
by Xiang et al. (2015) using a self-paced reading paradigm found that object wh-phrases in Man-
darin were subject to the same types of interference effects known to affect the processing of 
overtly constructed wh-dependences in languages like English (Pearlmutter et al., 1999; Van 
Dyke and Lewis, 2003; Lewis and Vasishth, 2005; Wagers et al., 2009; etc). In line with what 
work in comprehension has shown, then, we expect that the same cognitive processes to be in-
volved in the production of overt and covert dependencies.  
3.1. PREDICTIONS. One possibility is that the increased looks to the object in Experiment 1 were 
at least, partially driven by information focus associated with object wh-questions, rather than by 
word order – that in addition to linearization and grammatical role assignment, the process of 
going from thoughts to message may also be influenced by discourse-pragmatic constraints. If 
this is the case, we expect Mandarin object wh-questions to show a similar increase in looks to 
the object during the same time windows – roughly 600-1000 ms after image onset. If we, by 
contrast, do not find increased looks to the object during the 600-1000 ms windows, this would 
suggest that the pattern of results found in Experiment 1 are unlikely to be linked to information 
focus effects.  

3.2. PARTICIPANTS. 35 native speakers of Mandarin Chinese, all born and raised in mainland 
China, were recruited from the University of Southern California.  

3.3. MATERIALS AND DESIGN. Materials and design used in Experiment 2 were the same as in 
Experiment 1. To account for lexical differences between languages, some lexical items – such 
as characters, verbs, and the sentence-type indicator – were modified.  
3.4. PROCEDURE. The procedure was the same as Experiment 1. 

3.5. RESULTS. In Experiment 2, 22.59% of the data were excluded due to errors and disfluencies 
in the utterances. Using the Mad-Median rule, we also excluded trials where speakers took too 
long to begin their utterances; this affected 8.03% of the overall data. Data from Experiment 2 
was analyzed using the same statistical methods as in Experiment 1. 



 

 8 

  
Figure 3 Mandarin Chinese: Proportion of looks to the Subject (light) and Object (dark) charac-

ters from Image Onset. In all time windows, SE < .002. 
 

As in English, we find essentially no looks to either the subject or object in the first 200 
ms after image onset. This is predicted given that it takes 200 ms to program and launch an eye-
movement (Matin et al., 1993). After 200 ms, declaratives and questions largely show the same 
pattern: Looks to the subject and object increase during the 200-400 ms time window for both 
sentence types. After 400 ms, we see a sharp increase in the proportion of looks to the subject in 
both declaratives and questions; meanwhile, looks to the object remain relatively low. To direct-
ly assess the strength of the subject preference across sentence types in Mandarin Chinese, we 
again compute subject advantage scores. These scores confirm what is visually present in the 
graphs: We find no differences in eye-movements in declaratives and object wh-questions in any 
of the time windows after image onset. 
3.6. DISCUSSION. The goal of Experiment 2 was to investigate the possibility that the eye-
movements from Experiment 1 were driven, to some degree, by informational focus associated 
with object wh-questions rather than by linear word order effects. Experiment 2 showed that 
when the linear word order of declaratives and object wh-questions is the same, as in Mandarin 
Chinese, no differences in speakers’ eye-movements during the first 1000 ms of production. 
These results suggest, therefore, that the pattern of results obtained in Experiment 1 are unlikely 
to be driven by information focus effects associated with object wh-questions.  

4. General Discussion. Even though questions are a familiar and common part of everyday 
communication, this is the first work to examine the real-time production of questions. We did 
this in two typologically different languages, English (Experiment 1) and Mandarin Chinese 
(Experiment 2). The main aim of our work in English (Experiment 1) was to get a better view of 
the process of linguistic encoding during sentence production. In particular, prior work has sug-
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gested that going from abstract concepts to linguistic representations requires the language pro-
duction system to assign each concept with (i) a grammatical function, a process known as 
functional encoding and (ii) a positional slot in the utterance, a process known as positional en-
coding.  

The goal of this work was to shed further light on how these processes are coordinated with-
in the level of linguistic encoding. Taken together, our results contribute to this question in two 
ways. First, functional and positional encoding appear to occur in tandem, suggesting that both 
factors play a role during the process of linguistic encoding. This conclusion is informed by the 
fact that in object wh-questions (when the subject is no longer the linearly initial word in the sen-
tence), speakers look at both the subject and object characters during the same general time 
window. This is in contrast to declaratives, where speakers attend strictly to the subject. None-
theless, we also find evidence that functional processes play a privileged role during linguistic 
encoding: We find a significantly greater proportion of looks to the subject than to the object. 
Based on the results from Experiment 2 (Mandarin), we confirmed that the results in English 
were unlikely to be due to information focus effects between declaratives and questions and in-
stead stem from the syntactic differences between them. 

Second, our work suggests the way in which speakers move from abstract ideas to linguistic 
utterances may be more sensitive to syntactic structure than one might expect. For instance, even 
though the end product of sentence production superficially appears to be a linear string, an ‘in-
tuitive’ approach to linguistic encoding could be to follow the linear order in which each concept 
needs to be uttered. The results presented here, though, argues for a model of linguistic encoding 
that is not only able to engage in non-linear planning, but is immediately sensitive to the underly-
ing syntactic structure of the utterance at hand.  

More broadly, the picture that has begun to emerge is one in which the process of production 
is influenced by a number of factors. At the level of message formulation, for instance, other 
work has shown that multiple factors – including perceptual salience, conceptual salience, and 
the complexity of the message – may compete to influence the starting point of message formu-
lation. This is also true of work in the domain of lexical access, which has shown interactive 
effects of word frequency, semantic similarity, etc. The results of the current work also provide 
evidence for a flexible and multi-factorial approach to linguistic encoding.  
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