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Abstract. For automated documentation systems to be meaningful in pediatric 
rehabilitation, they must accurately capture and summarize information about a 
child's or youth's involvement in daily life activities. We present attention-ASP, a 

neuro-symbolic framework that combines Transformer attention with Answer Set 
Programming (ASP) to capture involvement-level information from interview-

based text. By encoding domain-specific vocabularies as ASP programs, our model 

guides attention heads to focus on contextual cues such as place, time, activity, 
object, and people. Results show that symbolic reasoning over attention improves 

alignment with expert assessments, offering a promising direction for advancing 

clinical documentation tools in pediatric rehabilitation. 
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1. Introduction 

Automated documentation in healthcare is gaining increasing prominence, particularly 

systems that record and summarize conversations between healthcare providers and 

patients.1 For such systems to be meaningful in pediatric rehabilitation, they must 

accurately capture and summarize information relevant to rehabilitation contexts. The 

World Health Organization (WHO) identifies participation in activities as a key 

rehabilitation concept, defined as “involvement in a life situation”2(p9). Imms et al.3 

further conceptualized participation for pediatric rehabilitation within the family of 

Participation-Related Constructs (fPRC) framework as comprising two dimensions: 

attendance and involvement in activities, with involvement regarded as central to child 

and youth development and well-being. However, recent reviews have shown that the 

concept of participation, including the dimension of involvement, has been 

underrepresented in health informatics and current Artificial Intelligence (AI)-based 
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applications for pediatric rehabilitation.4,5 This gap limits the usefulness of such 

technologies for applications in pediatric rehabilitation, like automated clinical 

documentation. Thus, the objective of this research was to explore a novel neuro-

symbolic AI approach to identify activity involvement levels among children and youth 

receiving rehabilitation services, based on their narratives. 

This research was conducted by an interdisciplinary team of researchers, combining 

expertise in technical and pediatric rehabilitation fields. It contributes both technically 

and clinically by introducing a novel neuro-symbolic AI approach to capture the key 

rehabilitation concept of participation, enhancing automated documentation applications 

in pediatric rehabilitation. 

2. Methodology 

Table 1.  abased on Kaelin et al.6; bbased on Batorowicz et al.7 

 Definition Description (A state described by children and youth as:) 

Involvement 
Levelsa 

Non-Involvement Having no mental dedication or investment in the activity they 

are attending. 

Partial Involvement Experiencing fluctuating mental dedication and investment, 
shifting in and out of the activity they are attending. 

Full Involvement Being fully dedicated and invested in the activity they are 

attending. 

Hooked Involvement Experiencing mentally “hooked” on the activity - wanting to 
stop but being unable to. 

Involvement Overload Experiencing exhaustion due to excessive involvement in the 

activity they are attending. 

 Definition Description 

Contextual 
Factorsb 

Place (where) Setting where participation occurs (physical or virtual). 

Time (when, how long) Time point and duration of participation. 

Activity (what) What the child attends; structured or unstructured. 

Object (with what) Items mediating interaction (e.g., toys, tools, tech). 

People (with whom) Individuals influencing activity, location, or time use. 
 

Involvement definitions. The definition of activity involvement was based on two well-

established frameworks in pediatric rehabilitation: the ICF2 and the fPRC3. To describe 

levels of child and youth involvement (i.e., the extent of involvement) we applied a newly 

established continuum of involvement based on the fPRC, reflecting how children and 

youth receiving rehabilitation services define and describe their own involvement in 

activities.6 These experiences were closely intertwined with contextual factors such as 

place, time, activity, object, and people7 (see Table 1), which we hypothesized as being 

key elements that rehabilitation professionals pay attention to when assessing child and 

youth activity involvement through interview-based methods. 
 

Transformers attention mechanism. We modified the so-called attention mechanism8 

of a transformer model (e.g., a typical GPT architecture of Large Language Model-LLM) 

to emulate how rehabilitation professionals focus on specific contextual factors, such as 

place, time, etc. The Multi-Head Attention (MHA) mechanism in a Transformer 

architecture runs several attention functions so-called heads in parallel, allowing the 

model to jointly attend to information from different representation subspaces at different 

positions. 
 

E. Guerrero et al. / Advancing Pediatric Rehabilitation Documentation via Neuro-Symbolic AI 1005



Reasoning mechanism. We use Answer Set Programming (ASP), a declarative logic 

programming paradigm well-suited for reasoning under uncertainty and incomplete data 

- both prevalent in healthcare practice and research. ASP programs consist of rules like: 
 

hook_involv :– in_place,high_time,hook_dedic,rel_dedic,rel_object,eng_rel. 
 

where hook_involv, in_place, etc. are named atoms, and the symbol :– denotes an 

inference, and – negation. Such a rule intuitively says that there is evidence of hooked 

involvement if the other atoms to the right of :– are true, meaning that all the variables 

in the specific level of the continuum are present. ASP computes answer sets, 

representing consistent sets of beliefs. This makes it ideal for medical domains where 

decisions depend on partial or conflicting data. 
 

Table 2. A continuum of five evaluation degrees of involvement. The ASP atoms capturing every degree are 

presented in parenthesis. 
 

 Non-involvement Partial involvement Full involvement Hooked 
involvement 

Involvement 
overload 

Place being at the site 

(in_place) 

being at the site  

(in_place) 

being at the site 

(in_place) 

being at the site 

(in_place) 

being at the site 

(in_place) 

Time no time-investment 

(low_time) 

shifting time 

investment 

(low_time) 

time flying by 

(rgt_time) 

addictive time 

investment 

(high_time) 

too much 

investment 

(high_time) 

Activity not related 

(¬full_dedic) 

shifting related and 

not-related 

(shift_dedic) 

fully related 

(full_dedic) 

fully related 

(hook_dedic) 

fully related 

(toom_dedic) 

Object not related 

(rel_object, 
¬rel_object) 

shifting related and 

not-related 

(rel_object, 
¬rel_object) 

fully related 

(rel_object) 

fully related 

(rel_object) 

fully related 

(rel_object) 

People not related 

(eng_rel 
¬eng_rel) 

shifting related and 

not-related (eng_rel 
¬eng_rel) 

fully related 

(eng_rel) 

fully related 

(eng_rel) 

fully related 

(eng_rel) 

 Empirical evaluation. The dataset for this study comprises modified transcripts sourced 

from existing client records. This textual corpus captures a client's perspective on their 

participation involvement within a specific activity context. To build the neural 

component of attention-ASP we relied on PyTorch to manipulate the multi-head 

attention, and for the ASP modules we used Python Clingo. The sources of attention-
ASP can be found in https://github.com/esteban-g/attention-ASP.  

3. Results 

Implementing the involvement continuum in the attention-ASP pipeline. We used 

ASP to capture different constructs in the involvement continuum (see Listing 1). 

The attention-ASP pipeline starts with the computation of our tailored attention 
concentration score Ch, which quantifies the focus of a specialized attention head h on 

its domain-specific continuum vocabulary Vocabh. Given the attention weights Ah 

 RSxS and a binary concentration mask Mh  {0,1}SxS, the score is the average attention 

dedicated to vocabulary tokens, meaning that we compute a value for how a person was 

referring to specific words in the continuum (Table 2 and 3).  

, ,  is defined as 
1 if Vocab

0 otherwise
.  is calculated as 

1
, , , , . 

 Listing 1. Formalization of the continuum in ASP. 

 

 
non-involv :– in_place, low_time, –full_dedic, –rel_object, –eng_rel. 
part_involv :– in_place, low_time, shift_dedic, –rel_object, –eng_rel. 
full_involv :– in_place, rgt_time, full_dedic, rel_object, eng_rel. 
hook_involv:– in_place, high_time, hook_dedic, rel_object, eng_rel. 
overl_involv :– in_place, high_time, toom_dedic, rel_object, eng_rel. 
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Then, the continuous score [0,1] is mapped to a Boolean truth value for the 

corresponding logical ASP atom Atom( ) via a threshold-based grounding function , 

with threshold (0,1): ( , ) =
True if >

False if 

The set of ASP facts Facts is instantiated by asserting atoms where ( , ) = True: 

Facts = {Atom( ) ( , ) = True}. Then, the overall ASP program is = Facts

Rules. We use Clingo solver9 to compute the stable models for , to infer the level 

of involvement.

Figure 1. Pipeline of the semantic inference over a transformer attention, the attention-ASP framework. (1) 

Input non-labeled text. (2) Labeled text using the involvement continuum. (3) Involvement assessment.

Table 3. ASP grounding results from attention concentration scores (t

Attention Head Mapped ASP Atom Concentration Score Grounded Value
Time high_time 0.992 TRUE

Place in_place 0.9967 TRUE

People eng_rel 0.9935 TRUE

Activity hook_dedic 0.9966 TRUE

Evaluation of the attention-ASP framework. Table 3 shows the results of our 

experiment. Intuitively, these results demonstrate an activation of the symbolic layer, the 

ASP atoms, by the transformer attention. The Transformer’s specialized attention heads 

paid extremely high, focused attention (scores > 0.99) to the specific words found in all 
four of the target ASP programs (vocabularies). Because every one of these attention 

scores was significantly above the 0.100 “truth” threshold, the system converted each 

word connected to the continuum into a discrete, logical fact, asserting high_time, 

in_place, eng_rel, and hook_dedic all as TRUE. Figure 2 is a heatmap showing that the 

transformer is paying attention only to terms related to “places” in the continuum.

Figure 2. Example of the modified head for the concept of Place in the involvement continuum. The heatmap 

suggests that the transformer is paying attention only to terms related to “places”. Right, in the zoomed-in heat 

map, the words “bench” and “field” are connected to the place of the football activity.

E. Guerrero et al. / Advancing Pediatric Rehabilitation Documentation via Neuro-Symbolic AI 1007



4. Discussion 

The findings provide insights into capturing information about children’s and youth’s 

activity involvement from text data, with implications for the development of automated 

documentation systems in pediatric rehabilitation. Contextual factors are strong 

predictors of child and youth activity involvement,10,11 and - based on our initial results 

- may also provide important guidance when modifying the multi-head attention 

mechanism to capturing information about child and youth activity involvement. 

However, other relevant factors such as a child or youth’s preferences for activities may 

also serve as important semantic cues that professionals attend to when assessing child 

and youth activity involvement. Future research should further investigate these semantic 

cues and explore ways to integrate them in future systems designed to extract information 

about the involvement levels of children and youth receiving rehabilitation services. 

5. Conclusions 

This research introduced attention-ASP, a novel modification of the multi-head attention 

mechanism, guided by ASP-based reasoning, to capture the key rehabilitation concept of 

child or youth activity involvement from interview-based text data. From a clinical 

perspective, this knowledge can inform automated clinical documentation and enhance 

its ability to meaningfully support in pediatric rehabilitation. 

This research was supported by the Ergo-Stiftung.  
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