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Are killer bees good for coffee? The contribution of a paper's title and other factors to its future citations

How can the title of a paper affect its subsequent number of citations? We compared the citation rate of 5,941 papers published in the journal Biological Conservation from 1968 to 2012 in relation to: paper length; title length; number of authors; paper age; presence of punctuation (colons, commas or question marks); geographic and taxonomic breadth; the word 'method'; and the type of manuscript (article, review). The total number of citations increased in more recently published papers and thus we corrected citation rate (average number of citations per year since publication) by publication age. As expected, review papers had, on average, twice the number of citations compared to other types of articles. Papers with the greatest geographic or taxonomic breadth were cited up to twice as frequently as narrowly focused papers. Titles phrased as questions, shorter titles, and papers with more authors had slightly higher numbers of citations. However, overall, we found that the included parameters explained only 12% of the variability in citation rate. This suggests that finding a good title is necessary, but that other factors are more important to construct a well-cited paper.

Introduction

What features of titles make you want to read the paper? Do you like questions? Do you like titles that announce the key result? Put yourself in the shoes of an editor and other readers. If you were an editor deciding whether a paper was a good fit for your journal, whether it should be sent out for review, or if you want to read beyond the abstract, what features in a title would make you lean a bit more toward reviewing it? And, when you act as a reviewer for papers, what features of a title draw you in, and make you more likely to review it favourably? Would you want to read, or not read, a paper with the title: "Are killer bees good for coffee?". A paper's title is the first item editors, reviewers, and readers encounter. A well-chosen title creates interest and expectations; a poorly-chosen title suggests that the article may not be worth the time to read. As a result, authors may agonize over how to compose a title that will help their paper get accepted, and then be frequently read and cited afterwards. Here, we review literature on how titles of papers correlate with their number of citations and test for relationships on number of citations and variables related to the title and paper length, number of authors, the type of paper, and breadth in 5,941 papers published in the journal Biological Conservation. Based on our findings, we make recommendations for authors aiming to publish highly cited articles. It should be noted that the titles of these papers may have been improved by going through the review process, and that these studies do not include papers that were rejected.

Insights from the literature

2.1. Common findings Some reviews of the importance of titles for citation rates have found that there are more citations of papers with titles that indicate the results of the paper [START_REF] Paiva | Articles with short titles describing the results are cited more often[END_REF], and papers with broader more conceptual titles (Fox and Burns 2019). Thus, review papers have more citations because of their broader focus [START_REF] Vanclay | Factors affecting citation rates in environmental science[END_REF][START_REF] Alimoradi | The effect of key characteristics of the title and morphological features of published articles on their citation rates[END_REF]. By contrast, titles indicating a limited scope have fewer citations, and similarly papers with titles that name a geographic region can have fewer citations (Jacques and Sebire 2010, [START_REF] Paiva | Articles with short titles describing the results are cited more often[END_REF][START_REF] Alimoradi | The effect of key characteristics of the title and morphological features of published articles on their citation rates[END_REF]. However, methods papers, many very specific to a narrow subject area, dominate the 100 most cited papers of all time [START_REF] Van Noorden | The top 100 papers[END_REF]. Previous studies have also found more citations for (a) papers with more authors and for papers with authors from different countries (Leimu and Koricheva 2005, Viera and Gomes 2010, UNESCO 2017), and (b) for longer papers and papers from countries where English is the main language (Leimu and Koricheva 2005). There can also be a significant effect of authors citing other studies within their same country or region [START_REF] Pasterkamp | Citation frequency: A biased measure of research impact significantly influenced by the geographical origin of research articles[END_REF]).

Contradictory findings

The set of factors influencing citation rates are not consistent across studies. Some studies have found more citations for papers with longer titles (Leimu and Koricheva 2005, Jacques and Sebire 2010, Viera and Gomes 2010, Vanclay 2013), and other studies find more citations with shorter titles (Paiva et al. 2012, Subotic and[START_REF] Subotic | Short and amusing: The relationship between title characteristics, downloads, and citations in psychology articles[END_REF]; while others find no effect of title length [START_REF] Rostami | The effect of characteristics of title on citation rates of articles[END_REF][START_REF] Qadimi Fumani | The impact of title length and punctuation marks on article citations[END_REF][START_REF] Alimoradi | The effect of key characteristics of the title and morphological features of published articles on their citation rates[END_REF][START_REF] Nair | What makes a 'good'title and (how) does it matter for citations? A review and general model of article title attributes in management science[END_REF]. One study found citations increase with the age of the paper [START_REF] Wang | Quantifying long-term scientific impact[END_REF]), but another found older papers were cited less [START_REF] Redner | Citation statistics from more than a century of physical review[END_REF]. Two studies found papers with titles that included colons or acronyms to be more cited (Jacques and Sebire 2010, [START_REF] Rostami | The effect of characteristics of title on citation rates of articles[END_REF], but two other studies found these types of punctuation marks, and titles with question marks, to be less cited (Paiva et al. 2012, Nair and[START_REF] Nair | What makes a 'good'title and (how) does it matter for citations? A review and general model of article title attributes in management science[END_REF]. Conflicting results reflect the different time periods, numbers of papers analysed, journal impact factor, policies of journals, and perhaps discipline specific patterns [START_REF] Merrill | What's in a Title?[END_REF]. Certainly, citation rates vary greatly between disciplines (e.g., Viera and Gomes 2010). Here we contribute to this understanding by focusing on citation rates in the field of conservation biology, which has not previously been conducted.

Expectations for Biological Conservation

Based on past studies, we may thus expect to find higher citation rates for papers that concern methods or are reviews; have more pages or authors; and do not reflect narrow scope, whether geographic or taxonomic. We also may find citations correlated with paper age, title length, or the presence of colons or question marks. Because citation rates are highly influenced by the number of people working in the field, citations rates are best compared within a field of research. Here we compare trends in the nature conservation journal, Biological Conservation, established since 1968. Google Scholar has ranked Biological Conservation as the top journal in the field of "biodiversity and conservation biology" using the h-index, and it has published over 7,000 papers in 50 years.

Methods

We analysed relationships between the mean number of citations each paper accumulated per year (citations rate, as of 6 th November 2016) and the age of the publication (i.e., year of publication). We found a strong positive relationship (Figure 1), and we use the residuals of the relationship between double square root transformed citation rate (because the distribution of citation rate is not normally distributed) and year of publication for subsequent analyses. This is described in the legend of Figure 1 and identified as age-corrected citation rate throughout. We test for differences in the age-corrected citation rate with features of the paper's title, number of authors, paper length, and types of papers for 5,941 peer-reviewed articles published in the journal Biological Conservation from 1968 to 2012. In total, these articles were cited 239,791 times. More recent years (2013-present) were excluded as these papers would have less citations due to their age, and thus low citation rates. The source data used are freely available at Figshare DOI https://doi.org/10.17608/k6.auckland.6667622.v1.

The length of titles and numbers of authors were calculated as the number of characters in the title and author field, respectively. Note for ease of computation this was not the actual number of author surnames. The occurrence of a colon, question mark, and the word 'method' (including methods and methodology), were searched for in all titles using search formulae. In addition, the presence of a geographic or taxonomic name was manually searched for in all titles. Geographic names were scored as: no location; continental or global; super-national, sub-continental, ocean regions; national including Australia, ocean sub-regions and seas; sub-regional: state, province, large lake; or local: national park, city, river. Taxonomic names were scored as: 1 (species or genus), 2 (family), 3 (higher taxonomic group: class, phylum, kingdom), 4 (broad descriptor or group), or 5 (no descriptor or group).

To test for patterns in age-corrected citation rate versus variables indicating the structure and breadth of paper titles, we used a general additive model (GAM) with the package mgcv (Wood 2011) in R [START_REF] Team | R: A language and environment for statistical computing Vienna[END_REF]. This approach allowed fitting of non-linear relationships to detect maximum agecorrected citation rates, if any, for a given variable. The residual structure was visually inspected to ensure that the test assumptions were met. A complicating factor in analysing citation rates is that there are relationships amongst variables. For example, more than half of the top 20 papers with the most authors were review papers. Review papers may also tend to be longer in length than research articles and have more authors, and thus are more highly cited. Relationships amongst the parameters representing variability in the title structure and scope, and citation rate, were produced using the function "pairs" in the raster package [START_REF] Hijmans | Raster: Geographic Data Analysis and Modeling. R package version 2.5-8[END_REF]. Reported coefficients and significance levels are for transformed response data that were age-corrected (Figure 1).

Results

Paper age, number of authors, paper and title length Although some old papers were highly cited, there was a strong trend for more recent papers to be more highly cited (Figure 1). Papers were cited at higher rates if they had more authors and pages; see results for "Author length" (positive trend, p < 0.001) and "Page count" (positive trend, p < 0.001) in Table 1. However, papers with longer titles were cited less; "Title length" (negative trend, p < 0.001)) Table 1.

Type of paper

Review papers accumulate at least 1.6 times (based on back transforming the coefficients reported in Table 1 for the reference, which were corrected for age) more citations per year in comparison to Articles (e.g., 7.1 versus 4.3 in 2012). Eleven of the top 20 cited papers (adjusted for age) were review papers (Table 2).

Titles with geographic and taxonomic names

Increasing taxonomic breadth was related positively to citation rate (Table 1: wider taxonomic scope, p < 0.001 and Figure 2a). For example, in 2012, Articles identifying a particular species or genus by name, accumulated 2.7 citations, while those at the other extreme with no or vague mention of a taxonomic group accumulated 3.7 citations. Increasing geographic breath also was related positively to citation rate, where titles with broader scope were cited significantly more than titles with less scope (Table 1: Geographic scope (wider), p < 0.001 and Figure 2b). In 2012, Articles with titles mentioning a specific region were cited 3.0 times, while those identifying a broad region were cited 4.0 times. Titles with questions, colons, or stating a result On average, paper titles that included a question mark were cited 1.3 times as frequently, in comparison to those without. This difference was significant (Table 1, "Question (present)" positive trend, p = 0.003, and Figure 2c). Similarly, titles with colons were slightly more cited than those without colons: 1.1 times the number of citations per year (Table 1, "Colon (present)" positive trend, p = 0.041, and Figure 2c). There was no significant difference in numbers of citations of papers that included a comma in their title (Table 1, "Comma (present)" p > 0.05), or those indicating a 'method', versus those that did not (Table 1, "Method (present)" p > 0.05).

Discussion

As expected, we found Review articles received the most citations. We conclude that papers of more use to other scientists, notably good reviews and papers with broader taxonomic and geographic scope, get more citations. In other words, to have a paper highly cited, scientists should choose the science that advances a general topic rather than being specific to a particular location or species. Thus, we found that papers specific to a species or genus, or a local area, were less cited. The fact that papers with "methods" in their title were not significantly more cited may be because most methods are highly specific to a particular species, habitat or phenomenon, and/or that they do not find wide use. This contrasts with the finding that over all time the top 100 cited science papers were dominated by methods papers [START_REF] Van Noorden | The top 100 papers[END_REF]). However, our data set only included 57 methods papers.

Authors may be tempted to try to influence citations by making a title appear to address a general issue when the paper does not. In most journals, this will be noticed by referees and editors who will request the title to be changed appropriately. Alternatively, they may reject the paper because the title does not strongly support the finding indicated in the title. Authors need to frame their work to emphasise its importance and novelty, but not overstate it.

An important caveat in our analysis is that all the papers we analysed have passed review by several referees each, plus scrutiny by at least one editor [START_REF] Primack | Why did we reject your paper?[END_REF]. Papers submitted with unclear or misleading titles may either not have made it to peer review (more than half of papers submitted to Biological Conservation are immediately rejected by editors), been rejected after peer review, or been revised to improve their title. Once through this review process, we found that whether a title indicated the result of a paper did not correlate with number of citations, with only weak effects of title length, number of authors, page length, and having a comma or question mark. In fact we found that with all the variables included, we could only explain 12% of the variation in citation rate (reported as Deviance in Table 1). These findings are encouraging because they suggest that the underlying science influences the number of citations more than the number of authors, or format and length of a paper's title.

Our findings contradicted several expectations. Over 44 years, there are some old papers that have never been highly cited while some recent papers have been very highly cited, even though recent papers have less time to grow in reputation in the literature (Figure 1). The trend for more recent papers to be more highly cited than older ones is probably due to the increasing numbers of researchers working in this field, and the increasing number of journals publishing and articles being written in this research area. Also, editors of leading journals, such as Biological Conservation, are becoming more selective, tending to publish articles of wider general interest that are more widely cited.

Despite the lack of a significant relationship between titles that indicate a result, and those that did not, the editors at Biological Conservation favour the former. That is because a title indicating a result communicates the key finding of a paper, and indicates the methods and context of the study. For example, here are some possible titles that include a key finding: OK title: Relationship of killer bees to fruit set in coffee plants.

Better (gives the result): Killer bees increase fruit set in coffee plants.

Even better (gives the result and has a broad scope so the paper places the results in a general context): A non-native insect increases fruit set in a tropical crop. Also useful would be a review article on this topic: Pollination systems in tropical agriculture: A review.

The editors at Biological Conservation like titles that accurately reflect what articles are about. Titles set the expectations for papers, so make sure your title accurately reflects the message and content of your paper. As editors, we like to see a title and paper that is aimed squarely at the target audience and content of Biological Conservation. The paper should be useful to an international readership interested in research that advances the science and practice of conservation, including the application of conservation principles to natural resource management and policy.

Conclusion

So how should you choose a title of your article for Biological Conservation that will increase citation rate? First, do research that advances conservation science and management [START_REF] Primack | Why did we reject your paper?[END_REF], and has applications beyond one locality with implications for more than one species. Broadening the research scope is more important than the title of your article. Then make this significant feature clear in the Abstract, Introduction and Discussion. Furthermore, choose a title that is concise, avoids jargon, and indicates the key findings of the study.

Wood SN. 2011. Fast stable restricted maximum likelihood and marginal likelihood estimation of semiparametric generalized linear models. Journal of the Royal Statistical Society (B) 73, 3-36.

Table 1. Summary table for generalized additive model results (GAM), including spline fits (s) for publication age-corrected citation rate (as described in Fig. 1b and legend) versus the variables page count, title length and author length), including geographic and taxonomic scope (ordinal variables) and whether the paper included a question, colon, comma, method in the title (no, yes), or was a review. The reference for treatment contrasts was a research article, with geographic and taxonomic scope at the reference of "0", and question, colon, comma and method equal to "no". The contrast coefficient estimates are against the reference. edf = estimated degrees of freedom; df = degrees of freedom. 
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 1 Figure 1. Citations accumulated per year per paper in publications from 1968 to 2012 for (a) raw and (b) transformed response data. The white line is the regression slope and R-squared returned from a linear model. The residuals of the relationship between transformed citation rate and year of publication in (b) are used as the response variable (publication age-corrected) for data visualization across the different predictors and in the statistical model.
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 2 Figure 2. Boxplots of publication age-corrected citation rate (as described in Fig. 1b and legend) for (a) different levels of taxonomic breadth: no descriptor or group (n = 977 papers), broad descriptor or group (n = 819), higher taxonomic group (n = 1,395), family (n = 328), and genus or species (n = 2,422), (b) different levels of geographic breadth: no explicit location (n = 2,752, continental or global (n = 135), subcontinental or supranational (n = 307), national (n = 965), subnational (n = 557), region (n = 413), local (n = 812); and (c) with the word method in their title (n = 56) versus without (n = 5,885), with (n = 1,490) and without (n = 4,451) a comma, with (n = 1,733) and without (n = 4,208) a colon, with (n = 340) and without (n = 5,601) a question mark in the title. Boxes show range, median (centre line), the top and bottom of the box are the 25 th and 75 th percentiles. Light gray shading indicates positive age-corrected citation rate values where papers were cited more frequently than the average rate.
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Table 2. The top 20 papers with the most citations over time based on age-adjusted values (from Figure 1b). * = classified as a review paper in the Scopus database.