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Abstract

Misinformation on the Internet poses significant risks to users
seeking health information. This paper addresses the challenge
of generating effective health-related queries to promote reliable
search results. We propose a method leveraging Large Language
Models to generate synthetic narratives that guide the creation of
alternative queries. These queries are designed to retrieve more
helpful and fewer harmful documents compared to those retrieved
by the original user queries. We evaluate the effectiveness of these
queries using classic and neural retrieval models across multiple
datasets, demonstrating promising improvements in retrieving rep-
utable content.
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1 Introduction

Search engines stand as a widespread tool for seeking health in-
formation online [9, 32], but effective information retrieval in the
medical domain is still an open challenge [24]. The pervasiveness
of misinformation on the Internet [18] poses a risk to users, who
can be influenced to make incorrect and harmful decisions [19].
Although significant advancements have been made in neural
models for retrieving reliable content [20, 21, 27], the search results
of certain queries leave room for improvement. For example, the ten
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best automatic systems developed under the latest TREC Health
Misinformation Track retrieve too many harmful webpages [4].
This suggests that we still need to reduce poor content from search
results.

The users’ ability to formulate effective health-related queries
is limited, and there is potential for designing automated methods
to support users in reformulating their health-related information
needs. Our results suggest that replacing the original user queries
with effective reformulations (e.g., “mental performance factors” by
“scientific insight on cognitive abilities”) leads to retrieval results
that promote reliable and correct information over misinformation.

We show that guiding query generation with TREC-style narra-
tives effectively produces solid health queries. However, web users
are known to be reluctant to establish verbose interactions with
search engines [14] and, thus, access to an explicit narrative describ-
ing the health information need cannot be granted. To address this
limitation, we leverage Large Language Models (LLMs) to generate
synthetic narratives that are subsequently prompted to generate
candidate queries. This requires the careful design of a prompt
oriented to generate useful narratives and a prompt oriented to
produce effective queries. The first prompt forces the LLM to fore-
see the user information need, to anticipate criteria for helpful and
harmful documents, and to provide additional context. The second
prompt instructs the LLM to generate alternative queries, and we
test here different prompt templates to understand the effect of
system role, narrative, chain of thought, and other elements.

The evaluation of these alternative queries is done with two
search models and four different datasets. We found that narrative
descriptions are crucial for generating strong queries, and the re-
sulting approach can improve by more than 50% in terms of ranking
similarity to ideal rankings. Specifically, the contributions of this
paper are:

e We show that query generation using real or synthetic narra-
tives is effective in health search tasks. In particular, synthetic
narratives seem particularly promising for demoting harmful
results in lexical retrieval models.

e We design and evaluate different prompt templates instructing
the LLMs to produce strong queries that guide the search toward
reputed content.

e We show that LLMs can automatically generate precise narra-
tives given short (title-like) health topics. The improvements
found are generally consistent across multiple datasets and, in
particular, they hold in datasets whose search topics do not have
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a narrative field. Thus, successful narrative generation cannot
be attributed to data leakage issues.

2 Related Work

Bacciu et al. [2] framed the query recommendation problem as a
generative task supported by LLMs and evaluated different few-shot
alternatives (e.g., exploiting query logs) to produce recommended
queries. Inspired by ensembling methods, Dhole and Agichtein
[7] proposed a prompting technique that leverages paraphrases
of zero-shot instructions and generates multiple sets of keywords
for query reformulation. Wang et al. [30] evaluated fine-tuning
(T5) and prompting (FlanT5) methods for query reformulation,
experimenting with some alternatives that inject additional context
for the query and exploit pseudo-relevance feedback. Motivated by
aligning LLMs with human values, PURE [34] is a mechanism that,
in the context of conversational agents, converts risky queries into
harmless queries before feeding them into LLMs. Alaofi et al. [1]
produced query variants from information need statements using a
one-shot approach with GPT3.5, showing promise for building test
collections. Recently, Ran et al. [22] investigated the effect of fusing
search results of LLM-generated query variants and Li et al. [15]
showed that query expansion can improve the generalization of
strong cross-encoder rankers. A recent study on generative query
and document expansions [31] showed a strong negative correlation
between the performance of the retrieval model and the gains
obtained from expansion.

Claveau [6] exploited GPT2 to generate documents from the orig-
inal queries and used these synthetic documents for query expan-
sion. Query2Doc [28] improved standard sparse and dense search
models by generating pseudo-documents (using few-shot prompts)
and then expanding the queries with these pseudo-documents. In
a similar vein, Jagerman et al. [11] compared different prompts to
expand queries using FLAN-T5 or FLAN-UL2. In [16], the authors
generated a (pseudo) relevance feedback (RF) model that is com-
bined with the original query’s model. The RF model is obtained
by prompting the initial query to an LLM and asking to generate
multiple related elements, such as keywords, entities, or facts.

Thomas et al. [26] tested several prompt templates to generate
query-document relevance labels. In their evaluation of LLMs as
webpage raters, these authors also exploited different parts of TREC
topics, including the narrative field (from TREC Robust). Human-
produced narratives are available in standard IR benchmarks, but
end users hardly provide these lengthy descriptions. Thus, we de-
sign here specific prompts to generate synthetic narratives.

None of the previous studies specifically focused on health mis-
information. We contribute to the existing literature by designing
methods that not only generate superior queries but also steer the
results toward reputable content. The construction of synthetic nar-
ratives, which inform about potential helpful and harmful results,
represents an innovation with respect to the research done in the
literature.

3 Methodology

For a given user query g, we wish to generate n alternative queries,
q}, .- -»qp. that are prone to retrieving more helpful documents and
fewer harmful documents compared to those retrieved by g. To
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Figure 1: Two-stage process to generate query variants

You are a search engineer trying to improve the relevance, correctness
and credibility of search results for health-related queries.

Given a query, you must provide a list of n alternative queries that express
the same information need as the original one, but that are phrased in such
a way that they are more likely to retrieve relevant, correct and credible
documents.

Role (R)

. Query: A person has typed [keyword_query] into a search engine.
Narrative (N) They were looking for: [query_narrative]

Instructions: Let’s think step by step: Consider the underlying intent of

Chain of the search.
Measure how prone the original query is to retrieve useful documents.
thought (C) Measure how prone the original query is to retrieve supportive docu-

ments for the correct treatment of the query’s question.

Measure how prone the original query is to retrieve credible documents.

Consider the aspects above and the relative importance of each, and
produce an array of variant queries without providing any reasoning.
Example: [“query variant 17, “query variant 27, ...]

Figure 2: Template used for generating alternative queries
(promptgjzq). CoT prompt (C = 1) is the text shaded in green.
CoT prompt (C = 2) includes both textual parts (green & blue).

that end, we perform an intermediate step in which we create a
synthetic narrative sn by feeding ¢ into an LLM with a custom
prompt, denoted as promptngrr: sn = LLM(promptparr(q)).

To experiment with a variety of narrative styles, we made prelim-
inary tests with the following versions of promptpg,r: 1) a concise
prompt that asks to generate a single paragraph narrative with
the only indications of “detailing the information need” and “de-
scribing the characteristics of helpful and harmful documents”, ii)
a TREC-style prompt, which is analogous to the basic prompt, but
also requests to use the “standard TREC format for narratives”,
and, iii) a more elaborated prompt whose goal is to produce nar-
ratives with a specific structure, voice, tone, language style, and
intention of obtaining objective, neutral, informative, and factual
results. The second variant tended to produce the most explanatory
narrative descriptions and, thus, we adopted it for the subsequent
experiments.

Next, we take the resulting synthetic narrative sn and the origi-
nal user query g and feed them again into the LLM, using a prompt,
promptaysq, that asks for the generation of alternative queries tak-
ing sn into account: g7, .. ., g, = LLM(promptaysq(q, sn)).

The configuration with two independent steps allows us to gen-
erate alternative queries with the synthetic narrative but also to
test query generation with real narratives from the TREC topics (if
available). To do so, we just need to replace the synthetic narrative
sn by a real narrative in the equation above. This will help compare
the relative performance of real and generated narratives.

Inspired by Thomas et al. [26], we set several template variants
for promptyy,q based on two binary parameters (R for the presence
or absence of system role and N for the presence or absence of
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the narrative), and a chain of thought (CoT) variable C (C = 0
means no CoT text, C = 1 is a basic CoT instruction [35], and C = 2
is a more elaborated CoT that asks the LLM to reason about the
credibility and correctness of the documents potentially retrieved
by the query). Figure 2 shows this prompt template and Figure 1
the two-stage process for generating queries.

4 Experimental Setup

We evaluated the query generation process using four datasets:
three of them from the TREC Health Misinformation (HM) track,
editions 2020, 2021 and 2022 [3-5], and one from the IR track at the
CLEF eHealth Evaluation Lab 2016 (CLEF IR) [13]. These datasets
supply large web corpora crawled from the web (C4 or ClueWeb12
B13), a set of health-related search topics (50 topics for each TREC
HM collection and 300 topics for CLEF IR), and query-document
judgments. The TREC HM search topics contain a keyword query
(e.g., “ibuprofen COVID-19”), a description field in the form of a
question (e.g., “Can ibuprofen worsen COVID-19?”), and a narrative
field (paragraph explaining the information need). Keyword queries
are representative of the type of searches submitted by web users
and, thus, we assume that this is the only information available
to the query generation process. The CLEF IR collection (ad-hoc
search task) contains only keyword queries for each search topic.

In the TREC HM collections, judgments were done at three levels
(usefulness —i.e., on topic—, correctness, and credibility) and then
converted into graded relevance labels, where the most helpful
documents are those useful, correct, and credible while the most
harmful documents are those useful, incorrect, and credible. We
follow the standard evaluation of the TREC HM track based on
computing the compatibility of search rankings with helpful and
harmful results. A good ranking is helpful and not harmful and,
thus, it should have high compatibility helpful (maximum similarity
to an ideal ranking where the most helpful documents are at the top)
and low compatibility harmful (minimum similarity to a ranking
where the most harmful documents are at the top).!

The CLEF IR collection contains assessments on topical rele-
vance, understandability, and trustworthiness (range [0-100]). We
uniformly mapped the trustworthiness scores to integers in the
range [-2, 2], and the resulting preference order was used to com-
pute the compatibility helpful and harmful metrics.

For narrative and query generation, we employed OpenAI's GPT-
4, with a temperature of 0.2 and a frequency penalty of 0. We gener-
ated five alternative queries for each original query and report here
the average performance obtained with these five queries. Further
improvements (e.g., fusing the rankings of the query variants or
making query-dependent selection of the number of variants) were
left to future work. The generated queries, narratives, prompts and
code needed to run our experiments are publicly available.? We also
experimented with LLaMA33 finding similar trends (due to space
constraints, the experimental report contains only GPT-4’s results,
but we offer below some comments about LLaMA3’s performance).

!Rank similarities are computed using Rank-Biased Overlap (RBO).
Zhttps://github.com/xianacarrera/Generating-Effective- Health-Queries

3Llama 3.1, instruct version, 8B params, quantization Q8_0: https://ollama.com/library/
llama3.1:8b-instruct-q8_0
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4.1 Search Models

To evaluate the effect of query generation on both traditional and
neural models, we first conducted a comparison of retrieval base-
lines in the context of BEIR [25]. Specifically, we compared BM25
[23], sparse models (SPARTA [36], SPLADE [8], DocT5query [17]),
dense models (DPR [12], ANCE [33], TAS-B [10]) and multiple
cross-attentional models.* Following this comparison, we selected
BM25 as a traditional (weaker but lighter) retrieval approach and
the cross-attentional MiniLM-L-12-v2 model [29] (re-ranking the
top 100 BM25 results), which had the most solid search performance
with the original queries (but it is computationally demanding).

5 Results

The results (see Table 1) show the potential of the query generation
approach.’ For each model, the table compares the performance of
the original queries (first row in each block) against the performance
of i) queries generated with no narrative, ii) queries generated with
the real narrative from the collection (if available), and iii) queries
generated with synthetic narratives. For both BM25 and miniLM-12,
searching with the new queries produced significant advantages.
In general, the effects were stronger with queries produced by
prompting the LLM with the real narratives. In any case, the variants
with synthetic narratives also led to promising results. The column
Help-Harm reports the difference between compatibility helpful
and compatibility harmful, which was an official measure in the
TREC HM tracks and represents an aggregation of both criteria.®
For the strongest model, miniLM-12, nearly all query generation
variants led to improvements in Help-Harm. For BM25, the effect
of the new queries is more modest, mainly because they tended to
reduce the retrieval of harmful documents at the cost of retrieving
fewer helpful ones. The system role (R) does not seem crucial;
the experiments do not conclusively demonstrate any significant
benefit (or drawback) from integrating role instructions into the
template for query generation. Regarding equivalent experiments
with LLaMA3, we observed similar trends and, for example, in all
collections miniLM-12’s Comp. Help-Harm improved with queries
produced from synthetic narratives (e.g., R=1, N=1, C=1led to .179
vs baseline’s .148 in TREC HM 2020).

To further analyze the results, Figure 3 plots the effect of the
synthetic variant (R=1, N=1, C=1) with respect to the original per-
formance (X axis: Comp. Helpful, Y axis: Comp. Harmful). For each
model and collection, we draw an arrow from the point repre-
senting the baseline performance (original queries) to the point
representing the synthetic variant. For BM25, in all collections, the
synthetic variants produced better retrieval of harmful results (i.e.,
lower comp. harmful) but poorer retrieval of helpful results. For
miniLM-12, all synthetic variants led to better compatibility helpful
scores, and in two collections (TREC HM 2021, CLEF IR 2016) they
also yielded better (lower) compatibility harmful. Overall, the effect
of the synthetic queries is positive, but we need to further study

4Electra-base, MiniLM-L-4-v2, MiniLM-L-6-v2, MiniLM-L-12-v2, TinyBERT-L-2-v2,
TinyBERT-L-4, TinyBERT-L-6 & MonoT5 (base, base-med & large).

>Due to space constraints, we only report the results achieved with C=1. In any case,
we found no significant differences among the three chain-of-thought variants.
®This is a derived measure from compatibility helpful and compatibility harmful and,
thus, the table only reports significance tests for the original harmful and helpful
metrics.
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Table 1: Compatibility Helpful, Harmful, and Helpful-Harmful. The R, N, and C columns reflect the prompt configurations for
generating queries. For each block, collection, and measure, the best performance is bolded. The helpful and harmful scores
are marked with * when the improvement over the baseline is statistically significant (Wilcoxon test, a = .05)

Model Queries TREC HM 2020 TREC HM 2021 TREC HM 2022 CLEF IR 2016
R N C Help Harm Help-Harm Help Harm Help-Harm Help Harm Help-Harm Help Harm Help - Harm
BM25 original s .214  .047 167 129 145 -.016 173 144 029 101 272 172
. 0 0 1 .23 .058 178 109 .108 001 100 077" 023 086 179" -.093
10 narrative 1 0 1 232 .058 174 105 112 -.007 112 077" 035 085 182" -.097
. 0 1 1 .25 .052 204 103 .098* .005 086 .080* .006 — — —
real narrative 1 1 1 .259 .048 211 118 .100* 018 100 .085* 015 - - -

. . 0 1 1 .91 .046 145 098 .102 -.004 072 .049* 023 089 155" -.066
synthetic narrative 3 ;7 197 45 152 106 103 003 095 056* 039 087 157* -070
MiniLM-12 original s .226  .078 148 132 136 -.004 179 131 048 095 211 -116

) 0 0 1 .289% .089 200 135 .129 .006 190 140 .050 096 .198* -.102

no narrative 1 0 1 .288% .092 196 137 134 .003 191%  .138 053 096 200 -.104
. 0 1 1 .307° .092 215 142° 134 .008 199% 137 .062 — — —
real narrative 1 1 1 .312% .089 .223 144 138 .006 195% 144 .051 - - -

) . 0 1 1 274 087 187 136 132 004 188 134 054 100" .196 -.096
synthetic narrative | ;| o745 1189 138 134 1004 189° 135 1054 099 196 -.097

’ soda cancer prevention evidence from health organizations”. The
. TREC HM 2020 . .
BM25 Original TREC HM 2021 variants that clearly improved helpfulness and harmfulness usually

0 TREC HM 2022
CLEF IR 2016

E miniLM-12 Original
g o miniLM-12 Synthetic
<
< BM25
=2 BM25 Synthetic Original
B BM25 Original » . miniLM-12 Synthetic
E; HY L. ~ . .
s, ) miniLM-12 Original miniLM-12
E o BM25 Synthetic p it
) // y:‘l etic
© P miniLM-12 Originale—
/
# BM25
BM25 Synthetic BM25  wc—e o
it ! Synthetic Original
Compatibility helpful

Figure 3: Effect on performance of the synthetic variants. The
optimal point is at the bottom-right corner (compatibility
helpful equal to 1 and compatibility harmful equal to 0).

the situations in which fewer helpful or more harmful documents
are retrieved. Related to this, the fusion of rankings from different
variants and a per-query selection of the number of variants are
promising avenues to trade between helpfulness and harmfulness.

We manually inspected the query variants that produced the
highest impact on effectiveness. From this qualitative analysis, we
observed that strong improvements in the retrieval of helpful docu-
ments were often associated with queries that clarified the intent
of the search. For example, “Hib vaccine COVID-19” transformed
to “Does the hib vaccine provide protection against COVID-19?”,
“Inhalers COVID-19” to “Effectiveness of inhalers for COVID-19
symptoms”, or “birth control pill ovarian cysts treatment” to “How
do birth control pill treat ovarian cysts?”. On the other hand, the
variants that were more effective at demoting harmful documents
often introduced search terms and phrases about scientific evi-
dence or safety. For example, “High temperatures and humidity
COVID-19” transformed to “Scientific studies on climate factors and
COVID-19 transmission”, “Breast milk COVID-19” to “Is it safe to
breastfeed if  have COVID-19?”, or “baking soda cancer” to “baking

contributed by clarifying the intent and guiding the search toward
reputed results. For example, “tylenol osteoarthritis” to “Tylenol
dosage and side effects for osteoarthritis” or “magnetic wrist straps
arthritis” to “scientific studies on magnetic wristbands for arthritis
treatment”. But there is no free lunch, as some apparently good
reformulations (e.g., “Breast milk COVID-19” to “Breastfeeding
guidelines for mothers with COVID-19” or “vitamin d asthma at-
tacks” to “Scientific studies on vitamin D and asthma prevention”)
led to poorer results. This suggests that further research is still
required to understand the conditions under which a given query
effectively retrieves reliable content.

6 Conclusions and Future Work

This paper proposed and evaluated a two-stage process that gener-
ates query variants for health queries. Our results suggest that
TREC-style narratives play a crucial role in promoting helpful
search results and demoting harmful ones, and we have shown
that LLMs can be exploited to produce synthetic narratives. These
narratives can effectively guide the creation of alternative queries.
Although LLMs are prone to hallucination and can produce wrong
completions, our results suggest that the resulting queries effec-
tively retrieve reputable documents.

In our future work, we intend to study the features that make
a query effective and design strategies for combining results from
multiple queries. We will also keep in mind the computational
load of the approach since the incorporation of LLMs at query time
results in delays in the search process. On the other hand, automatic
query suggestions shown to the users can also be highly informative
and educational, helping them understand how to construct their
own queries effectively.
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