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Outcome and elaborative feedback in games can scaffold learners to recognise errors and apply corrective strategies. However, there is
little evidence that indicates how children process such feedback. Using an active intervention approach, this study empirically
evaluated how three groups of primary-aged children with different profiles—novice readers, children with reading difficulties, and
children learning English as a foreign language—attended to, understood, and acted upon feedback within a digital literacy
game. Children’s gameplay and verbalisations across groups were compared through systematic video analysis. Our findings
demonstrate that all readers benefited from visual, non-verbal outcome feedback, which supported accurate interpretations of their
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performance, but groups attended to it differentially. Older children noticed auditory, verbal elaborative feedback more than novice
readers, but all children struggled to understand it, instead relying on implicit knowledge to correct future responses. We conclude by
highlighting several contributions to games-based learning research, game design, and pedagogical practice.
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1 INTRODUCTION

Learning games have become a mainstay resource for the primary school classroom, teaching young children basic skills
such as literacy and mathematics. When choosing games for classroom learning, teachers will often seek those that have
alignment with the curriculum and can reinforce what is already taught in class [3]. Therefore, depending on their
domain and content coverage, some learning games can appeal to a range of learner groups, and learning games have
been found to be effective and engaging for a range of different learners [43, 77]. In this paper, we examine a game for
literacy learning called ‘Navigo’. Navigo’s content was designed for three different young learner groups: primary school
children learning to read, children with reading difficulties, as well as children learning to read in English as a second
language [8].

Games can create a safe space for failure, where learners try out different ideas or hypotheses as part of the learning
experience [36, 78], whilst also offering just-in-time feedback in the event of an error [20, 48]. Previous research has
shown that feedback following an error increases attainment, highlighting that feedback is one of the most impactful
education interventions in learning [39, 40]. However, despite the recognised value of outcome (summative) and
elaborative (formative) feedback, commercial learning games for young children have been most often designed to
prioritise the former, alerting the child about their error without supporting them to apply strategies or knowledge to
recover [7, 58, 61]. Moreover, a range of design opportunities exist for the presentation of game feedback, in terms of its
content (e.g., its complexity), timing (e.g., immediate or delayed), and modality (e.g., visual vs auditory, verbal vs non-
verbal, and the interplay between and/or combination of these modalities) [7, 46]. Yet, despite significant research on
the effectiveness of auditory, verbal feedback in multimedia in general, there is a recognised need for more research on
boundary conditions, where the so called ‘modality principle” applies ([57], p. 337). Furthermore, most frameworks and
guidelines available to inform the design of feedback in learning games is based largely on research with adults, rather
than children (e.g., [2, 23, 46, 56, 75]). Research has not yet examined how particular design characteristics embedded in
game feedback may facilitate young children’s learning [20, 48].

This research gap is critical to address, particularly in the case of learning games that target a range of young learner
groups as different learner characteristics may mediate the effectiveness of this instructional support [47]. The aim of
the present research is to understand how Navigo’s outcome feedback in the visual, non-verbal modality and elaborative
feedback in the auditory, verbal modality supported the learning process of its three diverse learner groups. We ask,

does outcome feedback support children with different characteristics to evaluate their performance and recognise their



errors? How does elaborative feedback support children to understand and recover from their errors? Given the paucity of
research in this area, we chose to focus on how children process feedback as part of their game-based learning process,
particularly as it relates to their attention, awareness, understanding, and integration. By comparing this process
between groups of learners with different characteristics, we can identify specific challenges and opportunities for
support in each group, which makes this research distinctly unique.

This paper makes several contributions to games-based learning research, game design, and practice. First, we found
that outcome feedback embedded within the task content is the most effective in raising awareness in the three learner
groups whilst also accurately communicating that the child had made an error. Second, we demonstrated that the
auditory, verbal modality of the elaborative feedback poses challenges for children’s processing of the feedback. These
findings have led us to identify incremental improvements for game design and pedagogical practice that could support
children’s processing, notably, that children need support that is extrinsic to the game when it comes to using elaborative
feedback. We propose several pedagogical adaptations that education practitioners could make to support children’s use
of elaborative feedback, applicable to learner groups as well as differentiated based on the challenges each group faced.
Finally, through the process-orientated lens of this research, we identify specific game features that warrant future

research and suggest methodological implications for future research on children’s gameplay.

2 RELATED LITERATURE

2.1 Cognitive processing of feedback

Providing feedback within learning games can support learning in several ways: (i) reducing cognitive load by bringing
attention to key parts of a task; (ii) indicating to a learner that there is a gap between their performance and a given
learning aim; and (iii) providing corrective information, so that the learner can correct their strategy and progress in
their learning and the game [47, 75].

The cognitive processing of such feedback requires both external and internal attentional systems to work in tandem
[19]. External attention refers to people’s perception of external, modality-specific, sensory information (e.g., visual or
auditory stimuli), whereas internal attention refers to the selection and manipulation of internally generated information
(e.g., working and long-term memories). Through cognitive control, the internal system mediates how incoming
perceptual information (received by the external system) is organised and integrated in working and long-term memory
[19, 30].

Yet, attending to said feedback in the first place is necessary for it to be processed by this dual system [71, 73].
Therefore, manipulating the perceptual salience of the feedback, e.g., through choice of its content, timing, and modality,
may increase the likelihood that the feedback is attended to by the external system and that its beneficial effects are
exploited by the internal one [33, 67]. This internal exploitation process is facilitated if the learner has a higher awareness
and understanding of the feedback [73], e.g., by ensuring that its content aligns with the learners’ prior knowledge and
expectations [56], so that the internal system can effectively organise and integrate it with working and long-term
memory. However, it should be noted that literature on feedback in language learning acknowledges that simply

attending to feedback, without deeper understanding, may be enough for learning to take place [72].

2.2 Game feedback design

Johnson et al. [46] defines two overarching types of feedback in games: (1) outcome feedback, which is mostly summative

and functions to inform the learner about the correctness of their response, and (2) elaborative or process feedback, which



aims to evolve the learners’ understanding, to support recovery from errors, and tends to be more formative in nature.
Elaborative feedback is generally considered the main instructional driver behind learning progression in games, by
scaffolding thinking and providing additional information [2]. When designing outcome and elaborative feedback in
games, choices must be made regarding its content, timing, and modality, which can be tailored to the game’s target
audience, objectives, and context, to facilitate its processing by players.

As demonstrated in section 2.1, the content and complexity of feedback—and, specifically, how closely it aligns with
learners’ prior knowledge—is known to have a significant impact on how it gets attended to, organised, and integrated
in gaming and multimedia contexts [7, 40, 47, 56, 59]. Additionally, the timing of when feedback is presented to learners
can influence its effectiveness [2, 4, 14, 47]. For instance, feedback that is presented immediately after a response may
be easier to remember, whereas feedback that is delayed until the end of a task might allow learners more time to reflect
on their learning process and, thus, be better prepared to integrate the feedback [14]. Research with young adults
suggests that immediate feedback is given more attention from learners than delayed feedback [51].

However, of most importance to the current research is feedback modality. Both outcome and elaborative feedback
can be delivered through different modalities in games [47]. Feedback can be visual, such as visual effects that are
embedded into the gameplay, symbolic icons, or text/dialogue boxes. Feedback can also be auditory, such as sound
effects, or hints and prompts that might be narrated aloud. Or feedback can be multimodal and simultaneously provide
visual features reinforced by narration/audio cues and vice versa. Additionally, both visual and auditory feedback can
be verbal (with written or spoken words) or non-verbal (without words). Previous research has shown that auditory,
verbal elaborative feedback (i.e., that is spoken) is more effective than visual, verbal elaborative feedback (i.e., that is
written) in multimedia environments, which are already highly visually stimulating, so that the visual processing system
does not get overloaded [47, 56]. As described in section 2.1, the salience of both visual and verbal feedback will affect
how it is perceived by the external attentional system and then subsequently coded into working memory by the internal
attentional system. For instance, visual outcome feedback that is placed within the focal learning area on the screen is
likely to be more salient than feedback found on the screen’s periphery [35, 48, 49, 79]. Centrally placed outcome
feedback features are commonly intrinsic to the learning task, represented by changes to the gaming environment that
would indicate to the player that an error was made. Contrastingly, elaborative feedback, which often takes the form of
narration by a non-player character or guide, is not as easily embedded into game narratives and so, by nature, is
commonly extrinsic to the learning task. In effect, there is a natural confound of design variables in many learning
games, wherein outcome feedback tends to be visual, non-verbal, and (often) intrinsic to the learning task, whereas
elaborative feedback tends to be auditory, verbal, and extrinsic to the learning task. Whilst this confound of variables
presents a challenge for research, investigating design-related research questions in the context of complex, real-world
learning games is important to inform existing approaches to game design for children.

This challenge is enhanced when working with children because the design of feedback within multimedia
environments has largely been investigated within post-secondary education contexts (e.g., [2, 47, 75]). Current
guidelines for designing feedback in learning games and multimedia environments are also largely derived from research
on adults (e.g., [23, 46, 56]), as identified by previous work in this area [7]. Given that children have been known not to
attend to the same features on digital devices as might be expected by instructional designers [29], more research is

needed to appreciate the intricacies of designing feedback for children as a heterogeneous group.



2.3 Game feedback considerations for different learner groups

Children’s age, metalinguistic knowledge, and executive functioning abilities should be considered when designing
feedback in learning games. For instance, these characteristics of children may inform the content and complexity of
elaborative feedback. In their review on instruction-based feedback, Hattie and Gan [39] describe the importance of prior
knowledge and experiences upon which feedback can act; the constructivist perspective is that, without the relevant
prior knowledge, elaborative feedback will be ineffective, which relates to previously discussed research on the
interaction between external and internal attentional systems [19]. This is a crucial consideration when developing
learning games for children within a broad age-range, where younger children and children with reading difficulties
may (i) not have the appropriate vocabulary with which to process complex feedback or (ii) lack the meta-linguistic
knowledge to be able to act on feedback. Older children learning a foreign language may face such issues in terms of
lacking the second-language vocabulary and processing skills needed to make use of the feedback [16, 25, 54].
Furthermore, metacognition only begins to develop in children around ages 5-7 and is only used consistently to inform
learning in late adolescence [5, 62]. Therefore, primary school-aged children may struggle, in general, to reflect on how
more complex elaborative feedback relates to their own thoughts and behaviours.

Children’s metacognitive abilities may also have implications on the timing at which the feedback is presented. In
adult learners, delayed feedback was found to be beneficial only in high ability learners [4], whereas novice and low-
ability learners benefited from immediate feedback [4, 47], as they were more able to link the feedback to their previous
behaviours. Based on the lower metacognitive abilities and working memories of children, immediate feedback may be
most appropriate across groups of children with different learning profiles.

Characteristics of children may also influence the choice of feedback modality. Younger children (e.g., novice readers)
have less well developed visual attentional capacities in comparison to their older peers [13, 24], which has been shown
to significantly impact reading performance [13]. It is plausible that, for beginner readers, visual attention span may also
affect processing of visual feedback in an already visually stimulating multimedia environment, like a game [56]. Of
note, children who struggle to read have also been shown to present with difficulties in visuo-spatial attention and visual
processing [12, 28]; thus a similar pattern may be expected of younger, beginner readers when processing visual feedback
embedded in a gaming environment. In addition, children with reading difficulties, such as dyslexia, are consistently
found to have poor phonological processing skills and verbal short-term memory, which may inhibit children’s abilities
to process verbal feedback [76]. These problems may be compounded by the complexity and modality of the feedback
(e.g., number of words, whether auditory or visual). For foreign-language learners, there is some evidence that auditory
feedback may not be useful, due to challenges in interpreting verbal utterances when not fluent in the foreign language
[16].

Ultimately, the effectiveness of the support in learning games depends on its design and the appropriateness of such
design for the target learners [49]. Yet, it remains inconclusive as to what, when, and how to best support learning
through game feedback [49].

3 RESEARCH MOTIVATION AND QUESTIONS

The focal learning game in this research is Navigo. Navigo was designed to support literacy learning of three learner
groups — novice readers (NR), children with reading difficulties (CWRD) and children learning English as a Foreign
Language (EFL). To cater to these groups, the game was designed to personalise content to the prior knowledge of each
child. Navigo also offered two types of game feedback in the event of an error (1) visual, non-verbal outcome feedback,

informing the child about their performance, and (2) auditory, verbal elaborative feedback, informing the child how to



correct their next response. This made Navigo an ideal stimulus through which to investigate questions surrounding the
design of feedback in games for groups of learners with different characteristics. Specifically, we aim to answer the
following research questions (RQ):
e RQ1 - Does outcome feedback support children with different learning characteristics to evaluate their
performance and recognise their errors?

e RQ2 - How does elaborative feedback support these children to understand and recover from their errors?

4 METHODOLOGY

4.1 Participants and Context

Seventy-nine primary school children participated and belonged to one of three learner groups:

(1) Novice readers (NR): comprised typically developing children in Year 1 (aged 5-6) in England, from a single
school, who were in the initial stages of learning to read. As data collection in this group took place toward the end of
the school year, these children had approximately 1.5 years of literacy instruction from reception (kindergarten) on the
mechanics of reading. In addition to following a systematic phonics programme, they were introduced to word-
morphology, such as simple prefixes and suffixes.

(2) Children with reading difficulties (CwRD): included older children in Years 4-6 (aged 8-11) in England,
sampled across four mainstream schools, who were considered to have persistent reading difficulties despite at least
four years of literacy instruction. Identified by their school’s special education needs coordinator (SENCo), this group
received additional targeted literacy support in small groups or 1:1 outside of the classroom, but none required an in-
class support worker. Policy in England stipulates that a formal diagnosis of a learning difficulty is not required for
children to receive additional provision, and accordingly children did not have a formal diagnosis of reading difficulty,
such as dyslexia [22, 69]. Moreover, none of the children had diagnoses of additional, related learning difficulties. The
study design was shared with teachers in advance, and they selected children who had sufficient oral communication
skills to participate in the study task.

(3) English as a Foreign Language learners (EFL): consisted of children in Year 4 (aged 9-10) in Sweden, from one
school, who had been learning English as a Foreign Language for approximately two years in school, although most of
them had encountered it extensively in out-of-school contexts. Children in this group were described by the Swedish
teachers as ‘typically developing’ and did not struggle with literacy in their native language.

Since we were interested in how game feedback supported understanding and recovery from errors, making an error
was the inclusion criterion. Therefore, 52 participants who made at least one error while playing the game during the

study were included in the data analysis. The final composition of groups is reported in Table 1.

Table 1. Participant allocation

Group Recruited Included in analysis Females / males™
Novice Readers (NR) 24 16 8/8

Children with Reading Difficulties (CwRD) 27 16 6/10

English as a Foreign Language (EFL) 28 20 13/7

Total 79 52 27/ 25

* of sample included in analysis (distribution is equal across groups, x2(2, N = 52) =2.73, p = .256)



To identify a literacy area that would be appropriately challenging for the NR group we consulted the national
curriculum which provided detailed statutory learning objectives and chose a language area that the children were due
to encounter shortly in their literacy lessons. For the other two groups the children’s teachers, literacy leads and/or
SENCOs were consulted to identify learning objectives from the curriculum that were known to cause some difficulty
to the groups of children involved and were also age appropriate. This choice ensured children would make some errors
during gameplay, allowing us in turn to observe how children recovered from these errors after receiving game feedback.
These consultations allowed us to isolate the language area of ‘morphology’, which refers to the process of analysing
the structure of a word and recognising units that can be added to a base (root) word to change the meaning. Within
morphology, four different prefix and suffix language features were chosen in total: (1) Prefixes: negatives non, de, etc;
(2) Derivational noun suffixes: -ent/-ence etc (3) Suffix -ing with a change of letter (4) Comparative adjectives —er, - est etc.
Table 2 presents a breakdown of the language features each learner group received whilst playing the Navigo game.

Prior to analysis related to our research questions, we performed an initial check of task difficulty between groups.
A Kruskal-Wallis test (H) test followed by Bonferroni-adjusted Dunn pairwise comparisons (D) was performed to
examine whether the learner groups made similar numbers of errors. Eta-square (#?) is provided for the significant H
result, where 0.01 is considered a small effect, 0.06 a medium effect, and 0.13 a large effect [21]. We observed that children
across groups made errors throughout the game, with NR averaging 3.94 (SD = 1.06) errors, CwRD averaging 2.06 (SD
= 1.12) errors, and EFL averaging 2.15 (SD = 1.27) errors in total. This was different across groups, H(2, 52) = 17.81, p
< .001, n? = 0.32. Pairwise comparisons showed that NR participants made significantly more errors than both CwRD
participants, D = 19.22, p = .001, and EFL participants, D = 18.34, p = .001, but that CwRD and EFL participants made a
similar number of errors, D = 0.88, p = 1.00. This initial check therefore revealed that the morphology feature was more

difficult for NR as compared to the two other learner groups, a finding which we will return to in the Discussion section.

4.2 Navigo and game feedback

Navigo is a literacy game set in an ancient Egyptian narrative designed to immerse children in game challenges that
support the development of their literacy skills. It contains over 900 game activities that cover a range of literacy skills,
including phonics and phonemic awareness, exception words, reading for meaning, and reading fluency. Within this
study the children played the morphology language features identified using a multiple-choice minigame called Perilous
Paths. One play-through of Perilous Paths consisted of three rounds, wherein a different question about the same
language feature is presented in each round.

The game activities contained in Navigo were designed based on the game feedback guidance developed by Benton
et al [7]. Accordingly, each game offered a clear learning aim and a tutorial that instructed the player how to complete
the activity. The game activities reinforced the success criteria through a fixed set of gems that were earned or lost. The
gems also served as a reward and as outcome feedback that indicated the child’s performance. Outcome feedback was
further expressed through various non-verbal, visual cues that indicated that an answer was correct or incorrect, as well
as allowing the child to attempt incorrectly answered tasks again with the same content. In addition to the outcome
feedback, the game offered elaborative feedback upon an error, to guide the child toward correcting their answer. Given
the children’s young age, elaborative feedback was always provided immediately after the child’s error [46]. Alongside
the feedback guidance informing the game design, the sentences and elaborative feedback contained in the game were
checked against the Common European Framework of Languages ensuring the vocabulary was appropriate for an

Intermediate Language speaker (B1) aligning with the EFL group’s language competence.



Figure 1 shows how the game feedback design principles were instantiated in Perilous Paths. The game presented the
instructions and the question at the top-right of the screen. Children were tasked with filling in the blank by choosing
to cross one of three bridges. Upon getting an incorrect answer, the game presented the child with outcome feedback, to
indicate to the child that they got the answer incorrect, e.g., the border around the answer turns red, the bridge breaks,
ared gem is lost (refer to Figure 1). Outcome feedback was followed immediately by auditory, verbal elaborative feedback,
to help the child correct their answer. This choice impacts upon the intrinsic and extrinsic nature of the feedback to the
learning task: two of the outcome feedback features are intrinsic and three are extrinsic (refer to Table 2), whilst the
elaborative feedback is extrinsic by nature of its auditory-verbal modality.

Whereas outcome feedback in Perilous Paths was the same across all morphology features, the elaborative feedback
presented conceptual knowledge by prompting the child to apply a metalinguistic rule as it applied to each morphology
language feature. Schneider and Crombie [74] suggest that children should be encouraged to reflect on language and to
engage in analysis, creating deeper learning. For instance, providing linguistic terminology (e.g., ‘think of how the prefix
will change the meaning of the word you are trying to complete’) encourages the child to think about the meaning of
prefixes, and to analyse the items in this way. Gombert [37] termed this ‘linguistic decision-making’ in his model of
metalinguistic awareness and argued that this process was crucial when learning to read. Feedback statements in Navigo
were written by a linguistic expert with specific expertise in feedback (Table 2). Whilst there was variation in syntactic
and lexical complexity of the elaborative feedback depending on the given language feature, all feedback was passed
through vocabulary difficulty tools to ensure that they were appropriate for NR, CwRD, and EFL children.

In contrast, upon answering a question correctly, the game presented the child with visual, non-verbal and auditory,
verbal outcome feedback, to indicate that the child answered correctly. Specifically, the border around the correct answer
turned green, the player’s avatar crossed the bridge, a gem was earned, and the narrator stated, “That’s correct; well
done! Onto the next one”. Given our research focus we did not assess children’s attention to or understanding of feedback

to correct answers.
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Figure 1. Outcome feedback in the Perilous Paths minigame in Navigo. (A) Learning task is narrated; (B) an incorrect answer (bridge)
is selected; and (C) player prepares for another attempt. Visual, non-verbal outcome feedback features include: (i) bridge border
turns red, (ii) sphinx shakes its head, (iii) player returns to starting position, (iv) the bridge breaks, and (v) a red gem is lost.

Table 2. Language features and feedback types in Perilous Paths minigame.

Game

Language feature

Elaborative feedback

Outcome feedback

Novice Readers
(NR)

Prefixes negatives: non-, de-
Example word: deconstruct

Game reads out incorrect answer

HINT: “These prefixes are all related to
negatives or opposites. Think of how the
prefix will change the meaning of the word
you are trying to complete.”

Children with
Reading

Prefixes negatives: non-, de-
Example word: deconstruct

Game reads out incorrect answer
HINT: “These prefixes are all related to
negatives or opposites. Think of how the

(i) Bridge border
appears in red”

(ii) Sphinx shakes
(iii) Player is thrown
back to starting
position

(iv) Bridge breaks*
(v) Red gems lost




Game Language feature Elaborative feedback Outcome feedback

Difficulties prefix will change the meaning of the word
(CwRD) you are trying to complete.”
Derivational noun suffixes: - Game reads out incorrect answer
ent/-ence/-ty/-ity/-ness HINT: “Look for a noun.”

Example word: royalty
(pre-teaching)

-ing with a change of letter Game reads out incorrect answer
Example word: lie > lying HINT: “Think about when the events of the
sentence took place.”

English as a Comparative adjectives: -er, Game reads out incorrect answer

Foreign Language est, -ier, -iest HINT: “Consider the structure of the sentence
(EFL) and think of whether we compare one or two
things.”

* feedback feature is intrinsic to the learning task

4.3 Procedure

All the children included in the study were familiar with Perilous Paths from previous participation in the research.
Children had played Perilous Paths at least once during the preceding three-week period, for approximately 5 minutes.
During this prior experience, they covered different language features to those presented in Table 2 but which were
within the same word-morphology category (e.g., prefixes, but not negative prefixes), which ensured that any errors
made in the current study were due to literacy knowledge, rather than usability of the game. Children completed the
study individually with a research facilitator in a quiet room within their school. At the start of the session, the facilitator
explained to each child that they would play Perilous Paths. To investigate their information processing, an active
intervention approach was used, detailed by Van Kesteren [50]. Active intervention involves asking children about
preceding plans, actions, and evaluations during interaction with technology. Compared to other verbal interventions
such as retrospection, Van Kesteren [50] found that active intervention led to a higher number of verbalisations. When
the child selected either a correct or incorrect answer, the facilitator intervened with questions 1 and 2 (below). In the
event of an incorrect response, after the child made an attempt to correct their error, question 3 was additionally

presented (parenthesis indicate what each question prompt intended to measure):

1. Did you get that answer correct or incorrect? (to identify if the child was made aware of their error)

2. How do you know? (to identify if the child noticed particular visual aspects of outcome feedback)

3. How did you choose your answer? (if child does not mention the hint) Did you hear the hint and did it help you? If
yes, how? (to identify if the elaborative feedback was noticed and the child’s understanding of it).

As previously mentioned, only children who made at least one error in any one of the three question rounds in
Perilous Paths were included in subsequent analyses. It should be noted that, in the EFL group, these questions were

posed to the children in Swedish, their native language.
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4.4 Data collection and analysis

While children played the game, their screens and verbal utterances were recorded using screen recording software
installed on each tablet. Each video was deductively coded using an analytic framework we developed to address the
RQs. Table 3 summarises these codes and shows their alignment with the two RQs.

To establish statistical reliability for codes yielding binary and ratio variables, the recordings were analysed by two
independent coders for each learner group. Inter-rater reliability was assessed using Krippendorff’s alpha at the nominal
measurement level for binary codes (C1-2, C5-6, C8) and at the ratio measurement level for C3 [41]. Across all codes,
inter-rater agreement was considered moderate to excellent (Table 3). Any discrepancies between coders were resolved
by re-watching the recordings and coming to a joint final decision about the value in question.

When children shared their understanding of elaborative feedback (C7) and strategy for recovering (C9), an inductive
thematic analysis approach was additionally taken, which resulted in a set of codes capturing children’s processing and
integration of the conceptual knowledge presented in the feedback, as well as their coping strategy during error
recovery. To ensure the coding approach was systematically applied, two of the authors collaboratively developed the
initial codes and applied them to some of the videos. Subsequently, the first author coded the remaining videos upon
repeated observations of the video data to ascertain the credibility of the coding. If the application of a code was not
clear, a collaborative coding process was followed whereby the author previously involved in designing the coding

framework discussed and reconciled the application of the code.

Table 3. Coding schema

Code Code explanation Options Krippendorff’s alpha
C1 RQ1: Outcome feedback: Does the child 1.000
Yes/No
understand they made an error?
C2 RQ1: Outcome feedback: Does the child 0.952
Lo Yes/No
notice it?
C3 RQ1: Outcome feedback: Number of 0.945

Maxi lue of 5
feedback features noticed axtmum vaue o

C4 RQ1: Outcome feedback: Specific Coding according to the outcome features --
feedback features noticed identified in Table 2
C5 RQ2: Elaborative feedback: Does the child 0.866
Lo Yes/No
notice it?
Cé6 RQ2: Elaborative feedback: Does the child 0.731
. Yes/No
understand it?
Cc7 RQ2: Elaborative feedback: Explanation of  Inductive thematic coding of children’s verbal =~ --
understanding responses to identify if they understood the
feedback
C8 RQ2: Elaborative feedback: Recovery after 0.923
feedback? (i.e., did the child answer
. Yes/No
correctly following the error, after the
elaborative feedback was presented)
C9 RQ2: Elaborative feedback: Strategy for Inductive thematic coding of children’s verbal ~ --
recovery responses to identify patterns of recovery

strategies, e.g., used the hint.
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To address the RQs, an exploratory statistical analysis of differences in the deductive codes was carried out between
the three learner groups. SPSS v.27 [45] was used (o = 0.05) and the choice of statistical tests appear in the results section.
The qualitative findings generated through the inductive codes were triangulated with the quantitative results. Whereas
the statistical analysis showed if the three groups of children understood the game feedback, the inductive coding offered
deeper insight as to how children had processed the feedback and whether this feedback had informed a subsequent

strategy to correct the error. It is noted that quotes from the EFL group appearing in the paper are translated into English.

5 RESULTS

5.1 RQ1: Does outcome feedback support children with different learning characteristics to evaluate their
performance and recognise their errors?

Quantitative results related RQ1 are summarised in Table 4. A chi-square goodness of fit test (x?) was used to assess
whether children, across the whole sample, were more or less likely to be aware of their error (C1) and to notice outcome
feedback features (C2). An effect size, Phi (o), is provided for significant contingency table tests, where 0.1 is considered
a small effect, 0.3 a medium effect, and 0.5 a large effect [21]. Children across all groups (100%) understood when they
made an error (C1). Most children (71.2%) stated that they noticed visual, non-verbal outcome feedback features
in the game design that helped them to understand this (C2), whilst fewer (28.8%) stated that they “just knew” that their
response was incorrect, x%1, N = 52) = 9.31, p = .002, ¢ = 0.43. A Chi-square test of independence (x?) was used to
compare C2 between groups, using an exact-test p-value adjustment (pex) as a cell in the contingency table had an
expected count of less than 5. The test revealed that a similar number of NR, CwRD, and EFL participants said they
noticed specific outcome feedback features which helped them understand that they made an error, y%2, N = 52) =
2.67, pex = .298.

Next, a Kruskal-Wallis test (H) was used to compare the mean number of features noticed (C3) across groups. Children
across learner groups were able to identify a similar number of outcome feedback features, H(2, 52) = 1.23, p = .541,
approximately one out of five available features. When examining which features children noticed (C4) we found that
outcome feedback features within the focal learning area, i.e., embedded within children’s target response and
intrinsic to the learning task, were most noticed by children: this included the bridge breaking (53.8%), followed closely
by the bridge border turning red (40.4%). Other features not directly associated with their target response went relatively
unnoticed, with 3.8% of participants stating that their character ran off the bridge, 1.9% that the Sphinx shook, and 1.9%
that they lost a red gem. There was no indication that children from any one group attended to certain features more

than those in other groups.

Table 4. Summative statistics related to visual, non-verbal outcome feedback (C1-C3).

C1: Child understood they C2: Child noticed outcome C3: Number of outcome features
made an error feedback noticed (max 5)

% within % within .
Learner Groups N N Mean SD

group group
NR 16 100% 13 81.3% 0.88 0.50
CwRD 16 100% 9 56.3% 1.00 1.10
EFL 20 100% 15 75.0% 1.15 0.81

*SD = Standard Deviation
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Whilst there were no significant differences in the overall number of features identified, when exploring the data,
we observed that the distribution of these feedback features across participants appeared unequal across the groups. In
particular, it appeared that, amongst CwRD, several children (n = 7) made no identification, whilst others (n = 5) made
several identifications. Contrastingly, we observed that NR tended to identify only one feature (n = 12). To determine if
this distribution was statistically relevant, we recoded C3 into a new variable “level of feature identification” with three
ordinal values: (i) no features identified, (ii) one feature identified, and (iii) two or more features identified. We performed
a post-hoc Chi-squares test of independence (with ¢ effect size) that plotted level of game feature identification by
learner group as a 3x3 contingency table (Table 5). We found a significant difference between groups, x4(4, N = 52) =
10.97, pex = .026, ¢ = 0.46. Follow-up comparisons were made using the adjusted standardised residuals comparison
method and a Bonferroni-adjusted o based on the number of post-hoc tests [6, 32]. An analysis of adjusted residuals (a
=.006) shows that NR were significantly more likely to only identify one feature, x%1, N = 16) = 8.87, p = .003, ¢ =
0.74, and trended toward being significantly unlikely to identify two or more features, (1, N = 16) = 5.02, p = .025, ¢ =
0.56. Secondly, CwRD trended toward being unlikely to identify only one feature, 41, N = 16) = 3.47, p = .063, ¢ = 0.47,
therefore, being more likely to either identify no features at all or to identify several features, as supported by
our informal observations. Finally, there was a trend for EFL children to identify two or more features, x%1, N = 20)
=2.83, p=.093, ¢ = 0.38. No child noticed all five features.

Table 5. Identification of outcome features.

More than two features

No features identified One feature identified . L
identified

% within % within % within
Learner Groups N N N

group group group
NR 3 18.7 12 75.0 1 6.3
CwRD 7 43.8 4 25.0 5 31.3
EFL 5 25.0 7 35.0 8 40.0

5.2 RQ2: How does elaborative feedback support children to understand and recover from their errors?

Quantitative results related to RQ2 are summarised in Table 6. For RQ2 we again applied Chi-square goodness of fit tests
to assess whether our sample of children were more/less likely, as a whole, to notice elaborative feedback (C5), to
understand elaborative feedback (C6), and to recover after elaborative feedback (C8). In a similar way to RQ1, Chi-square
tests of independence (including, where applicable, exact-test p-value adjustments, follow-up using adjusted residuals,
and effect sizes) were used to assess differences in attention (C5), understanding (C6), and recovery (C8) between learner
groups. Overall, children were more likely to report that they noticed the auditory, verbal elaborative feedback
(C5: 64.7%) than that they did not notice it, x41, N=51) = 4.41, p = .036, ¢ = 0.29. There was high intergroup variability
in the number of participants who reported that they heard the hint given in the game, x%2, N = 51) = 10.11, p = .006, ¢
= 0.45, with fewer than half of NR noticing the feedback and nearly all EFL children noticing it (see Table 6). Follow-up
analyses of adjusted residuals (o = .017) show that EFL participants were more likely to notice elaborative
feedback, x4(1, N = 20) = 9.22, p = .002, ¢ = 0.68, whilst NR participants were less likely to notice elaborative
feedback, x%1, N = 16) = 5.68, p = .017, ¢ = 0.60.
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However, even though this elaborative feedback was widely noticed, this does not mean that it was understood (C6).
Of the 35 children who noticed the feedback, only four of the total sample were coded as having understood it. Of
these four, one was NR, two were CwRD, and one was EFL, %2, N = 35) = 1.40, pex = .795.

The inductive analysis (C7) reveals a more nuanced appreciation of how children were (or were not) supported by
the elaborative feedback and why. Only the above-mentioned four participants indicated that the hint helped them
select the correct answer on their next try. For example, in answer to the prompt “How did you select your answer?”,
one NR child who recovered from an error on negative prefixes said she chose the correct answer because “[the
elaborative feedback] said something about negatives, so that’s why I chose ‘non-”. One CwRD, who was completing
derivational noun suffixes tasks, said he chose his correct answer because “it was the only noun”, which relates directly
to the elaborative feedback given (refer to Table 2). Yet, these children were in the minority. In answer to the prompt
“Did you hear the hint, and did it help you? If yes, how?”, many children reported that they heard/noticed it (C5) but
were not able to recall what it said nor suggest how it helped them (88.5%). Some of these children expressed that
the elaborative feedback was “difficult to hear”, with some specifying that it was either too fast (5.9%), e.g., “I did hear it,
but it was a bit too fast, and I could not understand”, or not loud enough (3.9%), e.g., “the volume was to low”, and others
simply that they “heard it, but not what it said’. One EFL child explained that “I don’t usually listen, I read instead”, while
another said it would be “better if the hint was in writing because then you could read it if you didn’t get it the first time”,
suggesting a general preference for visual (written) forms of verbal feedback. In a few cases, the elaborative feedback
may not have been heard because the child continued to move and interact in the game while the hint was being
narrated (7.7%). This was noted to have happened with two NR and two CwRD, which may have impeded their
processing of the verbal feedback. Despite not being able to recall or explain the elaborative feedback, a few children
professed that the elaborative feedback was helpful by using it as outcome feedback (9.8%). For example, one child
said that “[the elaborative feedback] said it was incorrect’, whilst another said, “it told me to try a different bridge”, which
are both inaccurate, yet served to support the child in understanding that their first answer was wrong. So, some children
still benefitted from the feedback even if they were not able to understand it and apply it systematically.

It is also possible that some children, particularly novice readers, did not have the adequate background
knowledge for the elaborative feedback to be of any help. It appeared that several of the NR participants were
unable to understand problems concerning negative prefixes (the chosen language feature), with coders identifying this
as a potential issue in 43.8% of NR participants. In several instances, the study facilitator had to help children understand
that they needed to “choose the correct beginning of the word” (i.e., the prefix) during gameplay, pointing out the gap in
the sentence that needed to be filled and suggesting that they could press a button to hear the problem again. Beyond
the issue of language feature, some NRs had difficulty with the vocabulary presented in the game; some children repeated
the problem out loud in an inquisitive manner or inaccurately, which prompted the coder to suggest that this vocabulary
was perhaps beyond their knowledge. For example, for the prefix problem “Sign language is [non]verbal’, one NR child
repeated “Sign language?”, suggesting the child was in doubt. Another NR child, for the problem “The driver had to
[de]frost the window”, repeated the completed sentence aloud once they got it correct, but incorrectly said “decrost”,
twice, instead of “defrost”, which similarly indicated a possible lack of familiarity with the vocabulary embedded in the
task. Therefore, given the lack of underpinning vocabulary knowledge, the elaborative feedback would not have helped,
regardless of whether it was perceived or not. In support of this conclusion, the number of errors made by NRs showed
that they struggled the most with the overall task (refer to section 4.1). CwRD and EFL did not seem to have the same

issues with understanding the game problems/content; yet, they still were not process the elaborative feedback.
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So, if children were not able to process the elaborative feedback, how did they recover from their errors? We found
that children were neither likely nor unlikely to recover (C8) after their first exposure to elaborative feedback,
41, N = 52) = 1.23, p = .267. This probability was equal across groups, x42, N = 52) = 0.84, p = .657. Yet, based on the
findings presented above, we can suggest that those who did recover likely did so through different strategies,
without integrating the elaborative feedback. In answer to the researcher’s prompt “How did you choose your answer?”,
several NR children (56.3%) reported applying a random-selection or process-of-elimination strategy to recover from
their errors, further supporting the assumption about comprehension difficulties. For example, several children reported
that “I just guessed” or “it was the last bridge”. Contrastingly, this was not as common in other groups, with 12.5% of
CwRD and 15.0% of EFL participants having reported applying this strategy. Other attempted bespoke strategies reported
by children included choosing the same bridge (top, middle, or bottom) as the last round, choosing the same prefix as
the last round, or choosing a different prefix from the last round under the assumption that a game would not supply
the same correct answer twice in a row. However, several other children applied effective strategies to recover from the
errors, the most notable being an implicit learning strategy that relies on the semantics of the constructed sentence (i.e.,
what “makes sense”). Children across groups (38.5%) reported that, e.g., “it made a lot of sense when I chose it (NR
participant), “some words are wrong with some sentences and don't look or sound good with some sentences” (CwRD), or “it
sounds logical’ (EFL participant). This strategy was identified in 18.9% NR, 37.5% CwRD, and 55.0% EFL. Another strategy
applied by one EFL participant (who seemed to understand the content, despite not hearing/understanding the
elaborative feedback), was to translate the problem into their native language, to better reason about the language feature

(comparative adjective endings): “[he’s] compared with his sister and [so] it’s -er at the end’.

Table 6. Summative statistics related to verbal elaborative feedback (C5, C6, C8).

C5: Child noticed elaborative C6: Child understood C8: Child recovered after
feedback elaborative feedback elaborative feedback

% within % within % within
Learner Groups N N N

group group group
NR 6 40.0%"* 1 6.7%" 8 50.0%
CwRD 9 56.3% 2 12.5% 9 56.3%
EFL 18 90.0% 1 5.0% 13 65.0%

*The study facilitator did not explicitly prompt one child in relation to C5 and C6, so % are from a total of N=15.

6 DISCUSSION

The present work aimed to understand if and how game feedback, specifically visual, non-verbal outcome feedback and
auditory, verbal elaborative feedback, embedded in a literacy game activity fostered children’s learning process and if
there were processing variations across different learner groups (NR, CwRD and EFL). Our analysis indicates the
following overarching findings: (i) visual, non-verbal outcome feedback that is intrinsic to the game task fosters a child’s
understanding of an error; and (ii) there is mixed evidence on children’s attention to and understanding of auditory,
verbal elaborative feedback. Below we reflect on each of these themes and present implications for future research
methodology, game design, and pedagogical practice, notably, that children may benefit from extrinsic support to

process elaborative feedback.
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6.1 Outcome feedback intrinsic to the game task fosters understanding of error

Children from all three learner groups recognised making an error. This finding suggests that the outcome feedback was
effectively designed for the diverse learner groups involved. Nonetheless, we found learner group differences in relation
to how many features of outcome feedback children reported identifying. NRs were more likely to identify a single
feature and EFL children were more likely to detect more than two features. CwRD exhibited interindividual differences;
children either identified more than two features (similar to their EFL counterparts who were of similar age), or they
were not able to articulate which features supported their understanding. Whilst we did not use cognitive measures in
this study, these findings are supported by literature demonstrating the poorer visual working-memory capabilities of
novice learners [13, 24] and children with reading difficulties [12, 28, 76]. Though differences in noticing outcome
feedback features were found between learner groups, the number of outcome feedback features noticed did not seem
to have an impact on children’s understanding of their performance.

Despite the Perilous Paths minigame offering five outcome feedback game features, children, on average, tended to
report between one to two features that appeared in the centre of the screen. These features were embedded in the
gameplay and the child’s response (i.e., bridge breaking and bridge border turning red), rather than appearing peripheral
to the learning task (i.e., gems lost, Sphinx shaking, character being thrown off the bridge and returned to the starting
position). This supports recommendations made by Ke and colleagues about integrating game feedback within the
central focal area of play [48, 49], so that it is intrinsic to the learning task. Ke [48] also argues that this design
recommendation could minimise cognitive demands. However, visual outcome feedback features that were not reported
as noticed, such as the Sphinx shaking or the child’s character returning to the start of the bridge, but may also have
functioned to reinforce the aesthetics and narrative of the game, as well as the child’s understanding of what to do next
following their error. It is also possible that the multiple visual-non-verbal outcome feedback features worked to
collectively inform the child’s understanding of their performance, but only features intrinsic to the learning task
attracted attention and conscious decoding [10, 11, 60, 72]. Alternatively, it could be that children experienced high
cognitive load when processing these multiple visual game features and, thus, their external attentional system did not
select features outside the focal area of play [48, 64]. Given the prevalent use of multiple visual outcome feedback features
in learning games, future research could investigate this question by triangulating findings from the active
intervention method with methods that measure children’s unfolding attention, such as eye-tracking (e.g.,
[35]).

Previous research has shown that rewards can play a critical role in motivation whilst also acting as outcome
feedback [7, 80]. In contrast to past research that shows children of this age are generally familiar with learning games
and their reward systems [78], children across all learner groups did not notice the gems earned or lost. This might be
because such rewards only become meaningful over an extended period (e.g., over several weeks), so that children can
develop a deeper appreciation for their value within the game [49]. This is similar to what was found by Gauthier et al.
[35], wherein a scoreboard feature (also appearing in the periphery of the screen) was largely ignored by 7- to 8-year-
olds who played a one-off session of a mathematics and science game. The short timeframe of the current study did not
allow children to engage in activities that would promote meaning-making with the scoring mechanic, e.g., by creating
an avatar and customising the avatar with new clothing received based on their performance in the game. This type of
performance-based customisation mechanic has been associated with high levels of motivation [65]. Given the pervasive
use of rewards in learning games, it is important for future work to examine if children learn to attend to rewards
despite their peripheral screen position over a longer period of gameplay, giving them time to attach

meaning to scoring and performance.
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6.2 Mixed evidence on children’s attention and processing of auditory, verbal elaborative feedback

The literature suggests that a spoken modality for elaborative game feedback may be more effective for learning in
visually stimulating environments (e.g., [47, 56]), as the different modality allows learners to attend to, mentally organise,
and integrate feedback via a second (auditory) processing system, thereby reducing cognitive load on the visual
processing system [56]. However, empirical research in support of this recommendation has been largely based on
studies from adult learners (e.g., [2, 23, 46, 56]). Investigating this process of attending to and understanding feedback
with three groups of primary school children, we found that the extent to which children tended to pay attention to the
spoken elaborative feedback varied by learner group. Compared to NR and CwRD who noticed the feedback 40% and
56% respectively, 90% of the EFL children reported hearing the feedback. Although our study did not include cognitive
measures, drawing on past research, these differences could be due to the profiles of NR and CwRD such as their
developing attentional skills and poor verbal and auditory working memory [18, 42]. This could explain why some NR
and CwRD ignored the elaborative feedback and continued to play during the narration. Future research could examine
whether interruptive feedback that forces the child to pause until the elaborative feedback is fully narrated
can serve as a mechanism to focus children’s attention [38]. Moreover, another attentional barrier reported by a
few children was the volume, or speed, of the auditory modality suggesting that game design could offer children the
ability to replay the feedback. An alternative explanation is that the complexity of the elaborative feedback that NR
received (on negative prefixes) was higher than for participants practicing other language features (see Table 2). The
shorter, less complex feedback for other language features may be responsible for higher rates of attention to elaborative
feedback in the CwRD and EFL groups [52, 63], suggesting that short, simple elaborative feedback may be better
at attracting children’s attention. And yet, children across all three groups did not understand the feedback,
regardless of differences in feedback complexity, which suggests that the modality of feedback delivery was the
driving factor behind lack of understanding in this study.

As discussed above, and in contrast to empirical work with adult learners, our findings show that most of the children
were not able to organise and integrate elaborative feedback in the auditory, verbal modality within their existing
knowledge; instead, children applied the elaborative feedback as outcome feedback to correct their response. This
is akin to findings by Schmidt [72], who acknowledged that simply noticing feedback—without full awareness or
understanding of it—was enough for implicit learning to take place. Whilst the findings of this study indicate that
children are challenged to employ auditory verbal (spoken) elaborative feedback in their learning, there is currently no
evidence generated with children to suggest that a visual verbal (written) modality would be more effective; for instance,
it is possible that written elaborative feedback may have increased children’s cognitive load, as observed in adult learners
(refer to [56]). Yet, some EFL children stated a preference for written forms of verbal feedback (e.g., “I don’t usually
listen, I read.”). In the case of our EFL children, this gap in processing spoken feedback may have been due to children’s
slower processing speed in the second language (e.g., [16, 31]) and, thus, visual feedback could be beneficial. Game
researchers specifically addressing second language learners may need to explore if a visual modality or multimodal
approach (e.g., text and narration) enables children time to process elaborative feedback more effectively.

In line with this, and given our finding that visual outcome feedback features intrinsic to the learning task garnered
the most attention, it may be worth exploring whether elaborative feedback could also be designed to be intrinsic to
game-based learning tasks through a multimodal approach. In the current version of Navigo, like in many other learning
games, the auditory, verbal elaborative feedback is extrinsic to the learning task by nature of its non-visual modality.
However, by combining the auditory, verbal hint with visual cues in the focal area of play, the elaborative feedback

might be more effectively integrated into the learning task. For example, for the spoken hint “look for a noun”, the
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suffixes of the remaining word options could be highlighted, thereby linking the spoken hint to the learning task. This
is in line with [26] who demonstrated the importance for learners to notice what the target of the feedback is to
appropriately correct their response. A similar multimodal pedagogical approach was found to be effective when
captioning videos for EFL learners in Korea, wherein captions were enhanced by highlighting key areas of speech related

to verb conjugation [53].

6.3 Pedagogical implication: Processing of elaborative feedback requires extrinsic support

Given the findings we have reported so far, we propose that children’s use of elaborative feedback in their learning may
require support by an adult. In line with this perspective, previous research has discussed the equally crucial role of
intrinsic (within the game) and extrinsic (outside the game) support, with the latter intended to direct children on how
to use the intrinsic features [9, 17, 79]. Note that this contrasts with the Navigo’s feedback that we have described as
either intrinsic or extrinsic to the learning task — but all outcome and elaborative feedback features described thus far
were intrinsic to the game itself. In this section we propose recommendations for support that is extrinsic to the game by
drawing on our findings.

As evidenced earlier, more than half of NR and half of the CwRD did not pay attention to the elaborative feedback.
Extrinsic support could be offered during the early period of children’s gameplay to train them to pause and listen
to the elaborative feedback they receive following an error. In support of this, research with 7-10-year olds
demonstrates that training children to “stop and think” while playing learning games leads to increased counterintuitive
reasoning skills and academic performance in science and maths [70, 81]. This would be particularly beneficial for NR
whose impulse was to immediately engage in trial-and-error strategies. Additionally, across the three learner groups,
most children were not able to recall the content of the feedback, whilst some children’s limited processing of the
feedback led them to treat it as an indication of their performance. This finding was particularly surprising in the case
of CwRD, given the explicit teaching they receive in their additional literacy provision [22, 69], as well as the
metacognitive training in English primary schools, where self-regulated learning strategies (e.g., receiving and applying
oral feedback) are explicitly trained from Year 1 onward, and are thought to be exhibited reliably by children at Year 4
(ages 8-9) [66, 69]. Children across groups did not apply the elaborative feedback to correct their next attempt and relied
on a variety of other strategies [44]. As such, in addition to training children to listen for feedback, they might also be
trained on how to apply elaborative feedback to improve their game performance. This is supported by recent
research [15], which found that scaffolding elaborative hints prior to gameplay increased learning outcomes. Providing
pre-teaching instruction to introduce the linguistic terminology before gameplay could foster children’s ability
to then use this information in the task when prompted by the elaborative feedback to analyse word categories. Given
EFL children’s difficulties to access the metalinguistic concepts in their second language, teachers could introduce these
concepts in their native language prior gameplay to create mappings between L1 and L2. This may be more or
less feasible depending on the L1. Swedish shares many similarities with English, so this approach may be feasible for
Swedish EFL learners [68].

Crucially our study showed that children, such as NR, who are learning the game content through practice, may
require the most pedagogical guidance outside the game. Within the NR group we observed a variation of abilities. From
the originally sampled 24, 8 NR children did not make any errors at all suggesting that some of the children had prior
knowledge of negative prefixes, whereas the remaining children made more errors than the older learner groups. This
finding shows the importance of identifying which children would benefit the most from adult support. We also

found that many NR children needed assistance with key vocabulary presented in the game content. Thus, extrinsic
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support for games that stretch learning for this young group could include the introduction of key vocabulary
appearing in the game prior to children’s gameplay. Additionally, NR struggled to relate the linguistic concept to
the game task indicating that task modelling by an adult could strengthen children’s understanding.

Finally, it is worth mentioning here that research in the learning analytics field has demonstrated that the analysis
of interaction data from games and the targeted design of tools for teachers can support classroom orchestration, e.g.,
through increased awareness of areas that children find challenging [27, 55]. Access to a learning analytics dashboard
has been shown to support teachers in identifying areas where extrinsic support is needed, both in real-time or in
preparing for an upcoming class session [1, 34]. Learning analytics could also be used to introduce reflection activities
for children, to consolidate their digital experience with the learning task and the feedback beyond the game [55]. This
would be particularly beneficial for older children (e.g., CwRD and EFL), who are beginning to develop metacognitive

capacities [5]. Table 7 summarises the implications for extrinsic support as they apply to individual as well as all learner

groups.
Table 7. Summary of proposed extrinsic support.

External support Learner group
Train children to attend to auditory, verbal game feedback NR, CwRD
Train children to apply auditory, verbal game feedback as a game strategy to improve performance All
Pre-teach the linguistic concept from the outside and its connection to the content of the game feedback All
Pre-teach the linguistic concept from the outside and its link to children’s native language EFL
Pre-teach new vocabulary appearing within the game task NR
Model the game task NR
Identify and target students who will benefit from the most support NR
Introduce reflection activities with learning analytics to consolidate task and feedback CwRD, EFL

6.4 Limitations

To elicit comparisons between three learner groups, this study triangulated analyses from quantitative measures of
children’s self-reports on attention and understanding with qualitative analysis of their processing of game feedback.
Despite the strength of triangulating quantitative and qualitative analysis, there were some methodological limitations.
Even though the language features selected were carefully chosen, several children from each group did not make task
errors. This reduced the sample size of the study and thus limited the investigation to non-parametric analyses that did
not allow us to account statistically for possible moderating characteristics of children, such as gender, age (within
groups), or familiarity with gaming. Moreover, to investigate children’s information processing, we used the active
intervention method, which required us to interrupt children’s gameplay at designated moments. This choice may have
directed children’s attention to the game feedback, though our study showed that children did not notice the entirety of
feedback cues, nor did many of them process the elaborative feedback. Despite this possible limitation, the active
intervention method allowed us to overcome known limitations associated with other methods such as post-game
interviews which would rely on children’s memory, or the think-aloud method which would require children to process
the game task and verbalise their actions at the same time. Additionally, our study took place over a single session, and
it is possible that children of this age only benefit from game feedback after repeated exposure, so future work may
consider investigating these research questions longitudinally. Finally, EFL participants in this study were Swedish,
which we do not claim to be representative of children learning EFL more broadly; future work may want to replicate

these findings with other L1 EFL learners to establish the transferability of these findings.
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7 CONCLUSION

Feedback is a main driver for knowledge and skills development in learning games. Digital learning games can offer
dynamic, multimodal feedback through both audio and visual prompts and cues to (i) let children know if their ideas are
correct or incorrect (outcome feedback) or, importantly, (ii) help children adopt new ideas and strategies to advance
their learning (elaborative feedback). Yet, most research on game-based feedback has been performed with adult learners,
and little is known about how to design effective feedback in learning games for children. For instance, long-standing
guidance suggested that elaborative feedback in multimedia learning tools should be delivered through an auditory,
verbal modality, to avoid overburdening the visual processing system in a visually intensive environment [56]. The use
of such elaborative feedback in games for children is relatively untested. Moreover, the learning characteristics of
children can be diverse, so questions arise about how these characteristics, e.g., age, learning (dis)abilities, language
comprehension, might impact children’s perception and interpretation of feedback. The conflated nature of outcome vs
elaborative feedback in multimodal environments with other design factors (e.g., whether feedback is visual vs auditory,
verbal vs non-verbal, intrinsic vs extrinsic to the learning task, and intrinsic vs extrinsic to the gaming environment)
brings an extra layer of complexity to research around this topic, and it is crucial that we begin to unpack these
complexities, to make meaningful contributions in this domain.

This study used the context of a real-world literacy and reading game, called Navigo, for primary school children
with diverse learning characteristics, to explore how the design of feedback in the game impacted their learning. The
research empirically evaluated how three groups of children with different profiles—primary-aged novice readers (NR),
children with reading difficulties (CwRD), and children learning English as a Foreign Language (EFL)—attended to,
understood, and acted upon visual, non-verbal outcome feedback and auditory, verbal elaborative feedback in the game.
By comparing three groups of learners with different characteristics, e.g., in terms of age, abilities, and language
familiarity, we aimed to pinpoint whether these characteristics resulted in differential processing of feedback, which
might, in turn, have implications on how we design game feedback for diverse learners. We implemented an active
intervention approach with mixed-methods analysis, that supported significant quantitative findings with rigorous
qualitative interpretations. Our findings informed methodological considerations for future research, as well as
recommendations for incremental improvements in game design that could improve children’s processing of feedback.

Specifically, our results revealed that visual, non-verbal outcome feedback embedded within the focal learning task
is most effective in attracting children’s attention across the three learner groups, whilst also accurately communicating
that the child had made an error. Features peripheral to the learning task were not often identified by children, even for
the gain/loss of rewards, which are intended to be a key motivational element in the game. This has implications for
future research which might investigate (e.g., through eye-tracking methods) whether children could not attend to
peripheral visual outcome feedback features due to cognitive load, or whether they attended to these features but were
not consciously aware that they did so, as well as whether they become more appreciative of these features after repeated
exposure to the learning game.

Additionally, we found that the verbal modality of the elaborative feedback posed challenges for children’s
processing. Several NR and CwRD claimed not to hear the feedback, suggesting that replayability of feedback may be
important in the auditory, verbal modality. Some of these children ignored the feedback completely and continued
playing while the feedback was being narrated, which suggests that introducing interruptive feedback (e.g., that pauses
play) may draw more attention to it. Furthermore, we can imply from these findings that enhancing elaborative feedback
in the visual modality might help learners make connections between unfamiliar, verbally spoken words and their

existing vocabulary. Specifically, future work might investigate the efficacy of either (i) a visual, verbal (i.e., written)
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modality to accompany auditory, verbal hints (particularly for EFL children) or (ii) the integration of visual, non-verbal
cues with the spoken hint, which could make the elaborative feedback more intrinsic to the learning task; these directions
have yet to be explored. A notable implication for pedagogical practice is that children may need extrinsic support when
it comes to using elaborative feedback in games, and we make several recommendations on how extrinsic support might
be implemented in the classroom and beyond.

Finally, we believe that our methodological approach—that is, an active intervention protocol with mixed-methods
analyses, undertaken in the context of a real-world learning game—also serves as a contribution to the domain. This
approach, in combination with additional techniques like eye-tracking, might help other researchers demonstrate how
individual game features and design decisions impact children’s game-based behaviours, which we expect to improve
existing approaches to game design for children.

In summary, the primary contributions of this research are that it advances our understanding of how diverse children
(rather than adults) process and act upon visual and verbal feedback in digital learning environments, which is an area
that is sorely understudied in the human-computer interaction design domain. In addition, our findings challenge
mainstream game design recommendations about the best modality for elaborative feedback, and we discuss different
perspectives on potential design solutions and pedagogical implications. Methodologically, our work has implications

for the evaluation of technology design with diverse children and suggests future directions for research in this area.
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