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A Decision Support System (DSS) Using Patient Data From Electronic Patient Record Systems for Fall Prevention in Residential Care

	1. Introduction



1.1 Background 
A decision support system (DSS) is a software that supports decision-making, consisting of patients’ characteristics being compared to a database of computerised knowledge and patient-specific assessments, resulting in recommendations to practitioners or patients for a decision (Sim et al., 2001).

Health informatics involves collecting, storing, or transmitting patient data. Shortliffe stated that patient data is just one element of information, and that knowledge is also needed to be able to make an informed decision (Shortliffe, 1990, as cited in Wyatt and Scott, 2020).

A DSS can be best understood as a Learning Health System (LHS), and the cycle starts with data. This data is used to create new knowledge which can be applied in practice. Changes in practice generates new data, and the cycle of the LHS starts again using the new data (Flynn et al., 2018).

A DSS can either be non-knowledge based or a knowledge-based system. A knowledge-based system has rules (IF-THEN statements), retrieving the data to evaluate the rules before producing an output (Berner & La Lande, 2016). Literature-based, practice-based, or patient-directed evidence can all be used to develop rules within a knowledge-based system (Sim et al., 2001). A non-knowledge-based still uses a data source; however, they use artificial intelligence, machine learning or statistical pattern recognition instead of being pre-programmed (Berner & La Lande, 2016).

1.2 Proposed decision support
It is proposed to introduce a DSS for residential care that can predict the likelihood that a resident will fall using the data within an electronic patient record (EPR) system. Falls are common in older adults, affecting their functional independence and quality of life. There is an association between falls and higher morbidity, mortality, and healthcare costs. Older adults are most likely to fall in care environments such as hospitals, rehabilitation centres, assisted living accommodations and care homes (Montero-Odasso et al., 2022).

There are a number of possible factors that can cause older adults to fall, including poor sensory functions (eyesight or hearing); underlying health conditions such as diabetes or heart conditions; medication; cognitive impairment such as dementia; wearing unsafe footwear; rushed movement to the bathroom due to incontinence issues or environmental hazards (National Institute on Aging, 2022).

Figure 1 describes the components of knowledge based DSS that support residential care with fall prevention and management. The DSS will collect data about the patient from multiple EPR systems, including residential care and domiciliary care providers. Each patient has a care plan with nutrition and medication charts completed by the care worker. The DSS will have algorithms and rules built in, which will be used to calculate the likelihood that a patient will fall, based on the data gathered.

Figure 1: components of the DSS for fall prevention and management.
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Data modelling: aggregated patient data to identify factors that cause a fall. 
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The care worker can access and update care plans and charts at the point of care through the user interface (component A). The care plan contains data on the patient's mobility, sensory functions (eyesight and hearing), cognitive functions and medical diagnosis’. The charts contain information about the nutrition, fluid and medication provided. If a patient had a fall within the residential or nursing care home, the care worker records this into the EPR system, including any possible causal factors.

The data gathered through the user interface is stored within the EPR system and transferred into the knowledge base (component B). The clinical fall prevention and management guidelines will be added to the knowledge base. The interface engine will contain algorithms and rules used to evaluate the patient data and calculate the likelihood of a patient falling. A stratification method will be applied to categorise the likelihood of a fall into low, moderate, and high.

The output would consist of a fall risk profile showing whether the patient's fall risk is categorised as high, moderate, or low, plus data modelling to show the causal factors of any falls (component C). For those patients categorised as 'high risk of falls, ' the EPR system will provide an alert, so the care worker is aware that the patient is at ‘high risk of falling’. 

1.3 Key decision support; advantages and disadvantages
The advantages of using a decision support tool are summarised as follows:
· Patient safety. The introduction of DSS can support, for example, reducing the number of medications and associated prescribing error incidences. A medical DSS could provide an alert and warning systems for drug-to-drug interactions or any possible side effects preventing adverse drug events (ADE).
· Clinical management. When introducing new guidelines into the existing care pathway, it is assumed that the care professionals will read and internalise the information provided, which is only sometimes the case. The introduction of a DSS can consist of any new guidelines being embedded into the system which could improve adherence to the new guidelines or organisational policies. In addition, a DSS could be used to support care professionals by providing an alert through the electronic health record system of patients who have yet to follow their health management plans. 
· Cost containments. The introduction of DSS can be cost-effective for the health and social care sector. For example, a DSS integrated within a medication system can suggest an alternative medication to the prescriber that may be cheaper or reduce test duplication.
· Administrative functions/automation. The introduction of DSS can improve administrative functions and provide automation such as diagnostics coding selection, automated documentation, and note autofill. A DSS with a prompting capability can improve the quality of documentation.
· Diagnostics support. DSS could be used for suggesting possible diagnoses based on patient data and automating output from test results, and the findings could then be presented to clinicians for a decision.
· Patient decision support. DSS could be used to provide decision support for patients in managing their health using the data stored within a patient health record. The patient becomes the data manager, which is a step towards person-centred care and supports the prevention strategy of bringing care closer to home.
· Workflow. The introduction of DSS can improve the current workflow within an existing EPR system with better retrieval and presentation of data and automation of the processes.
(Sutton et al., 2020)

The disadvantages of using decision support could include the following: 
· Disrupted/fragmented workflow. The DSS could disrupt the workflow within an EPR system, particularly if they require interactions with other EPR systems. In addition, if the design of DSS does not factor in human information processing and behaviours, this can potentially fragment the workflow. A disrupted or fragmented workflow could increase cognitive effort for the user, with the user becoming overloaded with information.
· Alert fatigue/inappropriate alert. The DSS could result in too many or inappropriate alerts, and this could cause the user to become fatigued. To ensure the alert is manageable, it is vital to prioritise alerts, and non-critical alerts are switched off within the DSS. In addition to this, the alert already evaluated could be suppressed.
· Interaction between patient and user. Introducing a DSS can cause the user to become disconnected from others. For example, in a care environment, there could be a disconnect in the interaction between the patient and the person providing the care when using a DSS.
· Impact on user skills. Introducing a DSS can result in the user relying on the system to provide decisions rather than using their knowledge. For example, the person providing care may have knowledge about a patient that could change the decision provided by the DSS. There is an element of risk around creating errors known as automation bias.
· System content and maintenance. As clinical practice changes and new data is generated, the system content must be kept up to date and maintained, and there is a risk that this could be neglected.
· Poor data quality. DSS may produce inaccurate and poor-quality data if the data is aggregated from multiple systems or sources. The users may develop a manual workaround that may compromise the data.
· Lack of transportability and interoperability. The DSS may not be transportable or interoperable with other systems. Many DSS have interoperability issues, with many operating standalone and unable to communicate with other systems.
(Sutton et al., 2020)

2. Evidence Review 

This section summarises findings from a critical literature review covering the application of decision support in a residential care setting. The nursing care setting was considered as an analogous setting in addition to residential care to give more scope to the literature review. The application of decision support discovered in the literature review could be applied in either residential care or nursing care and are transferable. 

It was identified that the application of decision support is used in residential care for pressure ulcer management and nutrition; medication management; dementia management; fall prevention and others, such as hospitalisation and urinary tract infections (UTIs). 

2.1 Methodology for grading evidence of effectiveness
Figure 2 A hierarchy of evidence was used to grade the evidence of effectiveness. Each literature article was studied to identify what evidence was used to develop the decision support tool. The evidence of effectiveness was graded as either High, Moderate, Low or Very Low. 

	Grade
	Evidence used to develop the decision support 

	High
	Systematic reviews or randomised trials 

	Moderate
	Guidelines or organisational policies

	Low
	Stakeholder involvements, i.e., user story mapping 

	Very Low
	User opinions or not specified in the paper or are unclear.


Figure 2: Hierarchy of evidence 

The effect or results from implementing a decision support tool were assessed for those evidence base initially graded as very low. If the study showed some positive effect or outcome for either residents or practitioners, the evidence was increased to low.  

2.2 Application of decision support for pressure ulcers management and nutrition
An evaluation study was conducted on decision support called PrevPlan, a system that created a resident-tailored protocol for pressure ulcer prevention. PrevPlan collected the availability of preventive materials and resident characteristics data (manually inputted) to create a protocol for pressure ulcer prevention. The intervention group received PrevPlan, and the control group continued with standard care. The result was a positive effect on pressure ulcer prevention for residents seated in a chair and the attitude of health care professionals; however, no effect on pressure ulcer prevention for residents lying in bed or knowledge of health care professionals (Beeckman et al., 2013). Evidence grade: Low

Another study on the Risk Assessment Pressure Sore (RAPS) scale was used for pressure ulcer screening and Mini Nutritional Assessment (MNA) for screening nutritional status as decision support. Intervention group one received education and RAPS and MNA as a decision support tool; intervention group two received education only, and the control group continued with standard care. The result of the study was intervention group one showed a reduction in malnourished residents however no other effects were found on residents’ outcomes regarding the risk for pressure ulcers and malnutrition in intervention group one (Fossum et al., 2011). Evidence grade: Low 

2.3 Application of decision support for medication management 
A LIFe-Reader is a mobile device used as a decision support for safer medication administration. The mobile device scans the code on the medication pack, which generates an alert for inappropriate drug-to-drug combinations: drug-drug interactions, duplication of treatment and warning of drugs unsuitable for older people. In an evaluation study, 22 nurses reported that the scanning feature was easy and time-saving and that the LIFe-Reader was convenient and easy to use. However, the device needed more content and functionality (Johansson et al., 2010). Evidence grade: Moderate.

Another study was on the use of a web-based decision support tool for prescribing medication and medication review. This decision support tool is linked to an electronic patient record for assessing the quality of medication treatment against indicators and used resident symptoms to identify possible adverse drug events. The system provides warnings and explanations about inappropriate medication interactions and possible side effects. This study showed that the decision support tool identified more medication-related issues than nurses, with 86 by nurses and 205 by decision support  (Johansson-Pajala et al., 2018). Evidence grade: Low 

2.4 Application of decision support for dementia management
A Serial Trial Intervention (STI) is a decision support tool aimed at addressing the underassessment and undertreatment of pain and other unmet needs in people with advanced dementia. A study was conducted on the effectiveness of both the five step and nine step versions of STI with two groups across twelve nursing homes. This study found that both the five and nine steps decreased discomfort and agitation and supported nurses in changing their practices and improving outcomes for residents (Kovach et al., 2012). Evidence grade: Low

Another study looked at two decision support systems used to support staff with challenging behaviours displayed by dementia patients. The system consists of an assessment tool that collects relevant resident information and then applies logic-based algorithms that generate a biopsychological action plan that staff could implement. This study showed no difference in challenging behaviours between the controlled and intervention groups (Moniz-Cook et al., 2017). Evidence grade: Moderate.

2.5 Application of decision support for falls prevention
An evaluation study on the Guide to Action Care Home fall prevention paper-based checklist as a decision support tool. The checklist was used to identify risk factors associated with falls and suggested actions to reverse or modify these risk factors. This study found that the fall rates were lower in the intervention group. Within the control group, there were twice as many general practitioner (GP) follow ups as the intervention group over falls (Walker et al., 2016). Evidence grade: Low

2.6 Application of decision support for hospitalisation and UTI 
A study was conducted on using a paper checklist used by staff to identify UTI infections as a decision support tool. The checklist aims to reduce the number of unnecessary UTI testing and antimicrobial prescribing for residents who potentially have a UTI. The result of this study was that a culture of UTI testing and antimicrobial prescribing reduced and admissions to acute-care or emergency department or morality did not increase; thus, reducing antimicrobials did not cause harm (Pasay et al., 2017). Evidence grade: Moderate. 

2.7 The gap in the evidence base and how it compared to the proposed decision support 
There are gaps in the existing evidence base which includes limited study in the use of patient data from an EPR system for decision support in residential care. Some of the literature discussed accessing data concerning patient symptoms from an EPR system used for decision support on prescribing medication (Johansson-Pajala et al., 2018). Other decision support systems such as PrevPlan (Beeckman et al., 2013) and the fall prevention paper-based checklist for gathering data on the risk factors associated with falls (Walker et al., 2016) relied on manual input of patient data by the user.

Another current gap in the evidence base is limited study on how decision support tools impact the existing workflow and how the data is standardised within EPR systems to enable them to be interoperable with each other, and the DSS, in a residential care environment.

There were articles considering how decision support tools support improving patient’s safety and outcomes, however limited discussion on the impact of implementing a DSS within residential care. In addition to this, how the implementation of DSS impacts the care workers’ workload and cognitive efforts and can save time and money within residential care. One of the articles discussed the importance of nurse experience in the use of a decision support tool to help with the administration of medication and how this saves time (Johansson et al., 2010) however the study does not provide any quantitative data on how this use of the medication decision support tool impacts on time, cost, and cognitive efforts.

There are several comparisons that can be drawn between the decision support identified in the literature and the proposed decision support tool for falls prevention. The web-based decision support tool is used for prescribing medication and medication review (Johansson-Pajala et al., 2018) as both DSS use patient data from an EPR system along with guidelines to provide decision support. In addition to this, comparison could be drawn from falls prevention checklist for gathering risk factors associated with falls (Walker et al., 2016)

3. Implementation issues 

3.1 Risks and constraints 
This section discusses the risks and constraints associated with the application of DSS within residential care and possible strategies/methods for managing these.

3.1.1 Workload, workflow, and systems
It could be discovered during the implementation that the proposed DSS does not fit into the existing workload and workflow within residential care. There is a risk that the design of the DSS did not consider human information processing and behaviours which could result in an increase in workload and cognitive effort for the care workers. In addition, incorporating the DSS into an existing workflow within the EPR system could cause it to become fragmented.
There is also a risk of the DSS providing too many alerts or reminders if it is poorly designed resulting in the care worker becoming fatigued and overwhelmed by these. As a result, they may choose not to use the DSS. In addition, a poorly designed DSS could create a disconnection during the interaction between the patient and the person providing the care.

3.1.2 Data quality and standardisation 
The quality of patient data may be poor and not standardised across multiple EPR systems. This could create interoperability issues with EPR systems being unable to communicate with the DSS. Many DSS come with interoperability issues as they exist as a standalone system that cannot communicate with other systems (Sutton et al., 2020). There is a possible risk that during the implementation, it is discovered that due to each EPR system having its unique data standard, they cannot communicate with the DSS to provide decision support.

In addition, if the patient data is poor, it could lead to a wrong decision being made by the DSS. For example, if essential data about the patient is not recorded accurately within the care and support plan, such as data about the patient's poor mobility, that could increase the risk of falls. In this case, it could lead to the DSS using the wrong category for the risk of falls.

3.1.3 Knowledge base and explicit knowledge 
Another possible risk is that once the DSS have been implemented within residential care, the content of the knowledge base needs to be maintained and updated. For example, by updating the knowledge base with the most recent fall guidelines. A decision support tool is a LHS in which, when practice changes, new data is created. This new data needs to be added to the knowledge base, therefore maintaining the content and ensuring it is kept up to date with latest knowledge, is essential to ensure the correct decision support is provided. 

Concerning the knowledge base, another possible risk during implementation is the challenge of capturing explicit knowledge (written knowledge that others can use) and translating this into computable knowledge. The challenge with explicit knowledge is that this changes rapidly, and its quality and relevance to clinical practice can vary widely (Wyatt, 2001, as cited in Wyatt and Scott, 2020).
One paper stated that most organisations still need specific infrastructure to apply computable knowledge. There is a need to establish national guidelines and standards to ensure computable knowledge is discoverable and used safely and fairly alongside extensive experience implementing knowledge as decision support (Richesson et al., 2020).

During the implementation of the DSS, there may be a risk of automation bias, whereby the user accepts the output or decision provided by the DSS without giving it due consideration and applying their own knowledge. It could lead to error in some cases if the user accepted the decision provided by the DSS without question. For example, the DSS may categorise the patient's risk of falls as low; however, the care worker may know that the patient has mobility issues and is taking medication, which could change the categorisation to a high risk of falls. However, this is known as automation bias because the care worker did not apply their knowledge to the decision support provided.

3.1.4 User trust in DSS 
There is a risk during implementation that the care workers may not trust the decision provided by the DSS and could question the accuracy and reliability of the algorithm used to calculate the likelihood of falls. They may also challenge whether the decision provided by the DSS is adhering to the fall guidelines.

A paper discussed how the use of black box algorithms in medicine have raised some concerns among scientists because of their lack of transparency and reliability. In particular, their potential bias, accountability and responsibility, patient autonomy and reduced trust. In addition to these, there were also epistemological concerns. Black box algorithms are less problematic for epistemological reasons than many scientists believe. It argued that it is not always necessary to increase the transparency of algorithms, and by explaining that computing processes are, in fact, methodically opaque to humans, algorithms can be trusted and used in medical artificial intelligence (AI) (Durán and Jongsma, 2021).

3.2 Methods for managing risks and constraints 
This section outlines possible strategies or methods that could be adopted to manage the risks or constraints described. 
3.2.1 GUIDE checklist 
One of the methods that could be adopted to mitigate some of the risks discussed in the previous section is the application of the GUIDE checklist. The GUIDE checklist could support those implementing the DSS to understand which factors are affecting the implementation. Several authors conducted a systematic review to understand the factors that affect the success of DSS implementation. These were used to create a GUIDE checklist comprising sixteen factors categorised into four separate domains: CDS context, CDS content, CDS system, and CDS implementation, as shown in Figure 3 (van de Velde et al., 2018).

The complete GUIDES checklist suggests how to evaluate questions for each factor. As an example, concerning the risk around workflow, workload and systems discussed in the earlier section, the CDS context domain and factor 1.4 (Figure 3) could be applied, and how to evaluate questions might be: could the current workload or work process be changed or can the DSS improve the workload or work process?
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Figure 3: GUIDES checklist showing the domains and factors (van de Velde et al. 2018).

3.2.2 Understanding human behaviour 
Another method that could be adopted to mitigate the risks/constraints is the application of the COM-B framework and Behaviour Change Wheel (Figure 4) to understand human behaviour and what factors change human behaviour. For people to change their behaviour, they need to be provided with the capability, motivation, and opportunity. The Behaviour Change Wheel (BCW) provides possible intervention functions and policies that could provide humans with the capability, motivation, and opportunity to change (Michie et al., 2011).

For example, in relation to the user acceptance of DSS, the COM-B could be applied by considering whether the user has been provided with the capability to use the DSS. If not, referring to the BCW, one of the possible interventions is to provide training on the use of DSS to increase user capability.
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Figure 4: COM-B system and Behaviour Change Wheel (Michie et al., 2011).

3.2.3 Knowledge library and Mobilising Computable Biomedical Knowledge (MCBK)
One available method to ensure that the DSS is kept up to date with the most recent guidelines for falls, is to build an algorithm within the interface engine to carry out an automated check that the knowledge base contains the latest guidelines and if not, perform an automated update.

Concerning the risk around capturing and managing explicit knowledge, one of the possible methods is to create a 'knowledge library' to collect this explicit knowledge that needs to be translated into computable knowledge as part of the DSS system update. To support the development of a knowledge library, it may be helpful to consider using the “Levels” of knowledge representation framing (Figure 5) outlined in the FHIR guidelines, of which there are four:- Level 1 is the narrative from clinical guidelines, which could be in PDF form; Level 2 is the semi-structure containing workflow and diagrams, Level 3 is a computable representation of the content in the guidelines, and Level 4 is executable software running in a clinical system (HL7 FHIR, 2021). 
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Figure 5: Knowledge Levels (HL7 FHIR, 2021).

One possible method to support managing the risks and constraints around data standardisation and interoperability is to collaborate with the Mobilizing Computable Biomedical Knowledge (MCBK). MCBK is a community set up to address the need to create an infrastructure for applying computable knowledge, including national guidelines and data standards. The manifesto of the MCBK is to ensure organisations developing DSS are working towards a common language, and the overall goal is to create a knowledge ecosystem (Richesson et al., 2020).

4. Evaluation 
This section explains and justifies how the user experience, effectiveness, safety, and efficiency of the proposed decision support tool will be assessed.

4.1 User experience
The evaluation of the user experience would consist of studying whether the application of DSS within residential care has improved or fragmented the existing workflow and workload in place. This would include understanding the impact of the DSS's implementation on human information processing and cognitive effort to assess whether it has increased or decreased. The primary purpose of introducing a DSS for fall prevention is to decrease the workload and cognitive burden for the care workers and to allow them to spend more time interacting with residents. As part of this, a usability evaluation would provide information about the user experience of using the DSS to assess whether they understand the reasons behind introducing a DSS, and whether they find using the DSS easy or difficult, which should provide information on whether any improvement needs to be made to the content or design of the DSS.

As part of evaluating the user experience, it is essential to consider the alerts and reminders provided by the DSS, whether the care worker finds them helpful, and whether the algorithms for alerts need to be reviewed to enable them to be effective for the user. An assessment of whether the user accepts the decision provided by the DSS and if they consider the DSS provides trustworthy would also be important evidence-based information. This part could assess if the user has a positive attitude towards using DSS and gauge their level of engagement in using DSS. This should also provide information on whether the content of the DSS needs to be improved to improve the user experience.

When evaluating the user experience, it is essential to consider it from a patient perspective to assess whether the implementation and use of the DSS improves the quality of care and outcomes for the patients. An interrupted time series as a data capture methodology could be applied to assess whether the introduction of DSS has increased or decreased the number of falls using data from several falls pre and post-implementation.

Further to evaluating the patient experience, the interaction between the patient and the person providing the care could be observed to assess whether the introduction of the DSS improves the interaction between patient and carer. This would consist of setting up two groups as part of the evaluation, with the intervention group using a DSS tool and the controlled group continuing with standard care. A focus group with the patients would also help evaluate the care experience from a patient's perspective.

4.2 Effectiveness
To evaluate the effectiveness of the application of a DSS is to consider whether the DSS delivers the desired result; to prevent falls from occurring within residential care. As discussed in section 4.1, an interrupted time series to compare the number of falls pre and post implementation would support in evaluating the effectiveness of the DSS.

Part of the evaluation is to consider the effectiveness of the decisions provided by the DSS, and whether or not the user supports these decisions should be used as an indicator for measuring the effectiveness of decisions. In addition to this, as part of the evaluation study discussed in section 4.1, a comparison could be made between the decisions provided by the DSS within the intervention group, and those provided by the carers within the controlled group. As part of this study, evaluating the adherence to the falls and prevention guidelines between the intervention and control groups would be helpful.

An evaluation of the algorithm's accuracy and rules built into the proposed DSS used for calculating the likelihood of falls and their effect on patient care delivery and fall prevention could be used to indicate the effectiveness. In addition, the quality and accuracy of patient data produced by the EPR systems needs to be evaluated to determine whether they provided the data required to enable the proposed DSS to be used effectively.  

Another indicator for evaluating effectiveness is to consider whether the proposed DSS addresses the needs of the care worker and the patient they are supporting as part of the user experience. As part of the evaluation, it would be helpful to consider whether the care worker is precise about why the decision support is provided for the given patient, which could be used to assess whether the DSS is effective.

4.3 Safety 
The safety evaluation would involve studying whether the implementation of the DSS improves patient safety by reducing the number of potential falls within residential care. The interrupted time series data, as discussed in section 4.1, would be used to evaluate the safety of DSS. If the result shows that, post implementation of the DSS the number of falls has decreased, and the number of falls prevented has increased, this indicates that the decision support successfully improves patient safety.
In addition, it is important to assess whether the alerts and reminders provided by the DSS and the algorithm used to calculate the likelihood of falls to ensure that the decision support assesses whether the alerts/reminders and algorithm are applied correctly to ensure patient safety. Part of this would be to evaluating whether the user responds to or ignores these alerts/reminders. If these are ignored, assess the impact this has on the patient's safety. An evaluation of the decision provided by the DSS will be compared to the fall prevention and management guidelines to ensure adherence and that patient safety requirements are being met.

The evaluation will also assess whether the implementation of the DSS has created an automation bias. Automation bias means that the user relies on the decision provided by the DSS without applying their own knowledge and judgement, which could lead to new errors. As part of this evaluation, it would be helpful to incorporate decision support resulting in correct and wrong answers to assess which factors influence user decisions.

4.4 Efficiency 
The efficiency evaluation would examine whether the implementation of the DSS has resulted in time and cost savings. One area to look at is whether using the DSS has resulted in time-saving for the care worker, in terms of spending less time dealing with and responding to falls, enabling them to spend more time with their patients. 

Another area to look at is whether the DSS impacts the number of ambulance call-outs and hospital admissions, which would consist of looking at the data of hospital admissions and ambulance call outs both pre and post-implementation of the DSS. The overall aim of the DSS is to provide decision support on preventing falls from occurring in residential care in turn creating capacity within existing resources to alleviate the pressure across Health and Social Care.

A final indicator that could help evaluate the efficiency of the DSS is to study whether the use of the DSS has enabled better timely decisions to improve patient outcomes. The evaluation could consider the efficiency of alerts/reminders provided by the DSS, and whether these are effective in saving time for the care worker, or increasing their workload.
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Knowledge | Description Example
Level

L1 Narrative Guideline for a specific disease that may be written in the format of a peer-
reviewed journal article

L2 Semi- Flow diagram, decision tree, or other similar format that EXPLICITLY

structured describes or expresses logic constructs that are interpretable by non-SME

'computable logic developer for constructing L3, BUT are also expressed in
a manner sufficient for domain SME to review and validate

L3 Structured | Standards-compliant Specification for CDS that explicitly encodes computer
interpretable logic including data model(s), terminologies (concepts, value
sets), logic expressions in a computable language sufficient for
implementation- often across a broader set of local implementations

L4 Executable

Manifestation of the logic (typically in a user interface) that is used in a
local exceution environment (e.g. CDS interventions running live in a local
production EHR environment) or available via web services
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