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There is widespread agreement about the need to assess the success of programs training scientists to communicate more effectively with non-professional audiences. However, there is little agreement about how that should be done. What do we mean when we talk about “effective communication”? What should we measure? How should we measure it? Evaluation of communication training programs often incorporates the views of students or trainers themselves, although this is widely understood to bias the assessment. We recently completed a 3-year experiment to use audiences of non-scientists to evaluate the effect of training on STEM (Science, Technology, Engineering and Math) graduate students’ communication ability. Overall, audiences rated STEM grad students’ communication performance no better after training than before, as we reported in Rubega et al. 2018. However, audience ratings do not reveal whether training changed specific trainee communication behaviors (e.g., jargon use, narrative techniques) even if too little to affect trainees’ overall success. Here we measure trainee communication behavior directly, using multiple textual analysis tools and analysis of trainees’ body language during videotaped talks. We found that student use of jargon declined after training but that use of narrative techniques did not increase. Flesch Reading Ease and Flesch-Kincaid Grade Level scores, used as indicators of complexity of sentences and word choice, were no different after instruction. Trainees’ movement of hands and hesitancy during talks was correlated negatively with audience ratings of credibility and clarity; smiling, on the other hand, was correlated with improvement in credibility, clarity and engagement scores given by audience members. We show that objective tools can be used to measure the success of communication training programs, that non-verbal cues are associated with audience judgments, and that an intensive communication course does change some, if not all, communication behaviors.
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INTRODUCTION
Programs training scientists to communicate successfully with non-scientist audiences have been operational for decades, but rigorous long-term assessments of those efforts are rare. There is a growing need to resolve that deficit not only to ensure the most viable training is offered but also to allow an informed citizenry to decide public policy questions related to globally threatening scientific issues. Through respectful dialogue, scientists and others in society educate themselves and build support and legitimacy for scientific research (Lessner 2009; Nisbet and Scheufele 2009). Science communication training programs aim to prepare scientists for such dialogues, but how do we know if they succeed?
The few assessments reported are primarily based on anecdotes and self-report evaluations. Comparisons between methods are isolated (Silva and Bultitude 2009). Evaluation of communication training programs often incorporates the views of students or trainers themselves (Baram-Tsabari and Lewenstein 2013, Baram-Tsabari and Lewenstein 2017; Rodgers et al., 2018; Norris et al., 2019; Carroll and Grenon 2021; Dudo et al., 2021), although this has been demonstrated to provide a poor measure of actual skills (McCroskey and McCroskey, 1988; Dunning et al., 2004; Mort and Hansen, 2010). Calls are increasing for the need to assess science communication training (Fischoff 2013; Sharon and Baram-Tsabari 2014; David and Baram-Tsabari 2019), and more attempts are being made, but they still largely lack assessment from non-scientists. For instance, even a recently-developed scale to measure science communication training effectiveness (SCTE) focuses on the perspective of the scientist (Rodgers, et al., 2020). Thus, there is still little agreement about how that should be done: What do we mean when we talk about “effective science communication”? What should we measure? How should we measure it?
The need for more evaluation is made urgent by the proliferation of science communication training programs and by the breadth of approaches being used. Training programs vary from those lasting no more than an hour to full degree programs (Baram-Tsabari and Lewenstein 2017). The students range from graduate students to established STEM (Science, Technology, Engineering and Math) professionals; the pedagogical tools being used can include brief exercises as well as thick textbooks (Dean 2009; Baron 2010; Meredith 2010); and the emphasis can be on modifying communication behavior—emphasizing narrative techniques (Brown and Scholl 2014) or reducing jargon (Stableford and Mettger 2007)–or they can concentrate more on the need to understand audiences, including specific targets such as media and opinion leaders (Miller and Fahy 2009; Beasley and Tanner 2011). Training programs also have emphasized that the news media can be valuable in helping to translate scientific findings to the public (Suleski and Ibaraki 2009). Brevity, taking responsibility for statements, and the value of positive sentence construction are other values considered important for effective science communication (Biber 1995). Workshops and active exercises are a paramount tool of many trainings, although assessments of their value remain lacking (Miller and Fahy 2009; Beasley and Tanner 2011).
In a rare assessment that included experimental control and rigorous statistical analysis, Rubega et al. (2021) conducted a 3-year experiment to evaluate the effect of training on STEM graduate students’ communication ability, as judged by a large audience of undergraduate students in a large public university. In that study, graduate students who took a semester-long course in Science Communication were paired with untrained controls. Both the trained students and controls recorded short videos, both before and after the course, in which they explained the same science concept. Those videos were evaluated by an audience drawn from a large pool of undergraduates in a Communication course. Overall, audiences detected no significant change in STEM graduate students’ communication performance after training as compared to graduate students who were not trained. However, this surprising result left unanswered questions about whether student communication behavior changed in some areas but not others and whether changes were simply too slight to affect the assessment of overall communication success. Was use of jargon reduced, for instance, but not the complexity of sentence structure? Did some communication behaviors change but not others?
In this paper, we explore the usefulness of text analysis tools and behavioral coding to evaluate change in communication behavior and any resulting improvement in communication effectiveness. We analyze transcripts of short, standardized talks given by trainees before and after science communication training, and examine the relationship of body language (e.g., smiling, gesticulating) to audience assessments. Our aim was to determine whether grad student performance changed in particular areas in response to the training, even if that change did not improve their overall effectiveness as judged by audience members who may have been younger than but otherwise were representative of a specific, basically literate audience that is often a target of science outreach efforts.
MATERIALS AND METHODS
Once yearly, for 3 years (2016–2018), we taught a semester-long science communication course for graduate students in STEM disciplines; undergraduate journalism students also participated in the course. Working with non-scientists and aiding in the production of accurate news stories was one stated goal of the course. Working directly with journalists-in-training helped make the challenges concrete, and contributed to the journalists’ training, as well. We conducted the course as an experiment in which graduate students’ communication success was evaluated before the training and again at the end; the trainees were matched to controls who did not take the course and were evaluated at the same time steps. Our training focused on a communicator’s ability 1) to provide information clearly and understandably (clarity), 2) to appear knowledgeable and trustworthy (credibility), and 3) to make the audience interested in the subject (engagement). We hold that, while communication is a complicated, multistep process and communication experts disagree about the meaning of “effectiveness,” it cannot be achieved in science communication or anywhere else unless each of these conditions exists. Evaluation was done by undergraduate students in a large Communication class, who viewed short videos of the STEM graduate students explaining the scientific process and rated their performance. The undergraduate evaluators answered questions (see Supplementary Table S1) related to the clarity of each presentation, the credibility of the presenter and the evaluators’ engagement with the subject. We briefly describe the course, student selection and data collection procedures here; further details are available in Rubega et al., 2021.
The course consisted of a 4-weeks introductory phase in which readings on communication theory highlighted the role of scientists and journalists in public communication of science. We also discussed barriers to effective science communication (including jargon, abstract language, complexity and non-verbal behavior that could distract audience members), and we introduced various approaches to overcoming those barriers (e.g., Message Boxing, COMPASS Science Communication Inc., 2017; framing, Davis 1995; Morton et al., 2011; narrative structure, Dahlstrom 2014; Intellectual Humility, that is, openness to audience expertise and viewpoint: Lynch 2017; Lynch et al., 2016; for additional detail on course content, see Rubega et al., 2021 and its online Supplementary Material).
The 11 subsequent weeks of the semester were devoted to active practice and post-practice reflection on science communication performance. Each STEM student was interviewed twice by journalism students; the 20-min interviews were conducted outside of class and were video recorded. After each interview, the journalism student then produced a short (500-word) news story based on the interview. In subsequent course meetings, the entire class watched each video and reviewed the news story, discussing whether the news story was clear, whether there were any factual errors, whether the journalism student neglected to ask any important questions, whether analogies used by the STEM student were useful, and identifying the source of any misunderstanding by the journalist. Each student in the course was required to submit a written peer analysis/feedback form completed while watching each video. We discussed and critiqued with students the level of success the scientists had in communicating technical research issues, drawing connections between the communication behaviors of the scientist in each video with the conceptual material covered earlier. STEM grad student enrollment was limited to 10 students each semester. One student dropped out of the course too late to be replaced, leaving a total pool of 29 trainees.
STEM graduate students recruited as controls in the experiment were matched as closely as possible to the experimental subjects, based on discipline, year of degree program, gender, first language, and prior exposure to science communication training, if any. At the beginning and end of the semester, we asked both trainees and controls to respond to the prompt: “How does the scientific process work?” while we recorded them with a video camera. The prompt was unrelated to any specific tasks that were assigned in class; the aim of the training was to prepare them to apply what they had learned, and to successfully communicate about science, in any context. We selected this prompt because it is a question that any graduate STEM student should be able to answer, regardless of scientific discipline, and it removed the potential for audience bias that could be introduced by controversial subjects (e.g., climate change, evolution). In the video recordings, students were allowed to speak for up to 3 minutes but could stop as early as they felt appropriate. All recordings were made in the same studio, using the same cameras, positioning and lighting and a featureless background, under the direction of a university staff member. Videos showed only the head and shoulders of the trainee or control who was speaking.
The videos were evaluated by undergraduate students in the research participation pool of a large Communication class. Each semester, we uploaded “before” and “after” videos for trainees and controls to a Qualtrics XM (Qualtrics, Provo, UT, United States) portal. Students in the research participation pool could choose to participate in our research by selecting one of the videos to watch and evaluate. Each evaluator was assigned randomly by Qualtrics to view one video and provide ratings based on 16 questions designed to assess the trainees’ communication success in the areas of Clarity (six questions such as “The presentation was clear”), Credibility (four questions such as “The speaker seems knowledgeable about the topic”) and Engagement (six questions such as “The speaker seems enthusiastic about the subject”). All ratings used a 7-point Likert-type scale (1 = strongly disagree; 7 = strongly agree). Overall, 400 to 700 evaluators (M = 550) participated each semester, providing, after data quality control eliminations, a minimum of eight ratings per video, with most having 10 or more.
We downloaded survey data from the Qualtrics portal for analysis. We removed all responses from evaluators who incorrectly answered a “speed bump” question designed to eliminate ratings by evaluators who were not paying close attention to the videos. The video evaluation data were analyzed in a hierarchical generalized linear mixed-effects model, using a Bayesian statistical framework (see Rubega et al., 2021 for details). We found that trainees’ overall communication ability improved slightly but not significantly differently from the change in control group scores. Here we use correlation analysis to investigate any relationships that Clarity, Credibility and Engagement scores have with individual trainee’s communication behavior.
We also transcribed the audio from trainee and control videos, using the online transcription service Rev, resulting in one text document per video (N = 116). Each transcript was coded for three areas of interest: 1) overall language use; 2) jargon used; and 3) the use of metaphors, analogies, and stories. In addition, we used the videos themselves to analyze body language, and its relation to scoring by evaluators.
In order to assess language use, we used Linguistic Inquiry and Word Count (LIWC) analysis of student transcripts. LIWC analysis (Pennebaker et al., 2015) provides an automated count of the total number of words in a transcript and of the types of words used (e.g., pronouns, verbs, adjectives). Then, it matches words to a standard dictionary to generate scores of four summary dimensions: Analytical Thinking, Clout, Authenticity, and Emotional Tone. We also ran each transcript through Microsoft Word’s Flesch Reading Ease and Flesch-Kincaid Grade Level calculators. While these are meant to assess the difficulty of written (not spoken) text, we believe they offer insight into the complexity of language used before and after training.
In order to measure whether trainees used less jargon after training, we submitted every transcript to the De-Jargonizer (Rakedzon et al., 2017). The De-Jargonizer is a software application that assigns words to categories based on how frequently those words appear in a corpus of more than 500,000 words published on BBC news websites from 2012 to 2015. The De-Jargonizer produces a final score (higher scores are more free of jargon) that depends on the proportion of rare or uncommon words to total words used. We cleaned all transcripts before analysis to remove partial words and “fillers” such as “um” and “uh,” which the tool erroneously classified as rare words, inflating the final jargon use scores. We also modified the De-Jargonizer so that some words commonly used in spoken American English and/or not relating directly to science or scientific concepts would no longer be identified by the tool as jargon. The authors made the modification by submitting all transcripts to the De-Jargonizer, and then reviewing the list of all words identified as “Red” (or, rare, and therefore jargon) by the De-Jargonizer algorithm; all authors then reached a consensus on which should be considered scientific jargon. We eliminated words such as “fig,” “burp,” “yummy,” “toaster” and “houseplant” that seemed in common use, and not arcane words that would be familiar only to a scientist or used in a scientific context (such as “ecosystem,” “protist” and “photosynthesis”), which we felt could legitimately be considered scientific jargon. In addition, we moved some words originally assigned to a mid-frequency (“normal words”) group to the jargon list (“hypothesis,” “habitat” and “variable,” for example). The modification reduced the total number of words used by all trainees and controls that were recognized as jargon from 125 to 73. A complete list of the reclassifications we enacted in the De-Jargonizer is in Supplementary Table S2. We compared STEM trainees’ De-Jargonizer scores after training with those from before training, and also compared the difference to the before-and-later difference in scores from the control group.
Two of the authors (MAR and RSC) independently coded every transcript for the use of metaphors, analogies, or stories (narratives). Each coder separately counted and then summed the total number of text elements of analogies, metaphors or stories in the video transcriptions in each text.
Two research assistants independently coded videos for speech behaviors and body language. They coded for: speech rate (1 = Very slow—5 = Very fast); speech tone (1 = Very monotone—5 = Very dynamic); and how often each participant stuttered, paused, smiled, laughed, looked at or away from the camera, leaned forward, or moved their hands. Not all movements made by trainees and controls were captured in the videos so the numbers recorded represent a conservative estimate of the true number of movements. The coding sheet was developed in collaboration between the coders and one author (AOH) by watching sample videos to note possible behaviors to code. Both coders independently tested the coding sheet on a subset (10%) of the videos and discussed the results to increase consistency in coding. Coding uncertainties were resolved between coders and AOH, and the coders split the full set of videos for coding.
RESULTS
The LIWC summary variable “Analytic,” which is based on eight “function word” dimensions, increased significantly, indicating that our trainees used more words associated with logical or hierarchical thinking after training than before (Table 1). Among other summary variables, Clout (words associated with relative social status, confidence or leadership), Emotional Tone (combines words indicating of positivity and negativity, with higher scores indicating higher positivity) and Authenticity (words associated with honesty, personal traits, vulnerability, humbleness) did not change after training. Word Count also did not change after training. The change between before and after did not differ significantly for any of the LIWC summary variables between trainee and control transcripts (Table 2).
TABLE 1 | Change in Linguistic Inquiry and Word Count (LIWC) scores of trainees after training.
[image: Table 1]TABLE 2 | Change in trainees’ LIWC scores (After scores minus Before scores) compared to change in control scores.
[image: Table 2]The LIWC scoring of trainees’ transcripts before and after training also provided output for 68 singular (non-summary) variables that could be calculated (four scores could not be calculated because all of the Before or After scores were zeroes; twelve standard LIWC variables were eliminated from scoring because they related to punctuation use, which could not be appropriately assessed with video transcripts). The large number of variables LIWC creates, and the resulting large number of potential pairwise comparisons means that at least four false positive results could be expected by chance alone. Since we had no a priori hypotheses about any of the singular variables generated, we do not report those comparisons here, and did not pursue a more complex form of analysis of these variables. However, for those interested, we provide the output for each singular variable in the Supplementary Table S3).
The Flesch Reading Ease (Figure 1A) and Flesch-Kincaid Grade Level (Figure 1B) scores of trainees were not significantly different after instruction than before in paired t-tests. The mean Flesch score was 59.03 ± 2.7441 before training and 60.61 ± 2.0603 after training (t = −0.5693, p = 0.5737), and the Flesch-Kincaid score was 11.28 ± 0.8707 before and 11.16 ± 0.6737 after training (t = 0.1186, p = 0.9065). In contrast, we found some indication that the simplicity of presentation matters, though not in the direction expected: Reading Ease scores of transcripts correlated negatively with audience responses to the Credibility prompt “The subject is relevant to my interests” (i.e., the easier the transcript was to read, the less the audience reviewers felt the subject being spoken about was relevant to them; Figure 2).
[image: Figure 1]FIGURE 1 | Scores reflecting the (A) reading ease and (B) grade level assignment of the transcripts of trainees before (blue) and after (red) science communication training. There was no significant change in the mean reading ease or grade level scores after training, suggesting that, overall, trainees did not simplify the way that they spoke to audiences after training.
[image: Figure 2]FIGURE 2 | Audience scoring of Credibility (“The subject is relevant to my interests”) declines as transcript Reading Ease scores go up. The higher the Reading Ease score, the easier the text of the transcript is to read, i.e., the words and sentence structure are less complex.
Overall, we did not find a significant change in the De-Jargonizer scores after training (means ± SE before/after in paired t-tests: 95.9 ± 0.3771/96.3 ± 0.3797; t = −1.02, p = 0.31). However, the mean number of times jargon words were used in trainee transcripts declined significantly (Figure 3; 4.7 ± 0.7142 before and 3.3 ± 0.6342 after; t = 1.95, p = 0.0307 in a one-sided test of the hypothesis that training reduced jargon use). In addition, the mean number of discrete jargon words that were used by trainees, on average, declined significantly (Figure 4; 2.2 ± 0.3257 before, 1.5 ± 0.3003 after; t = 1.74, p = 0.0450 in a one-sided test of the hypothesis that training reduced jargon use). The apparent contradiction in these results–no change in De-Jargonizer scores, even though jargon use declined–results from the way the De-Jargonizer score is calculated; specifically, it is the proportion of rare or uncommon (“normal” words is the term used in the De-Jargonizer; uncommon but not jargon) words to total words used. Although trainees used fewer rare (= jargon) words, they used more uncommon words, rather than replacing jargon with common words. Thus, any gain in the De-Jargonizer score that would have resulted from reducing jargon words was largely erased by the increase in uncommon words, on average.
[image: Figure 3]FIGURE 3 | Frequency of jargon use, per transcript, before (blue) and after (red) science communication training. After training, the number of transcripts in which trainees used jargon three or fewer times rose as the number of transcripts with high jargon frequency fell.
[image: Figure 4]FIGURE 4 | The number of discrete jargon words used, per transcript, before (blue) and after (red) science communication training. After training, the number of transcripts in which trainees used two or fewer different jargon words rose, as the number of transcripts in which trainees used many different jargon words fell.
Neither the mean number of times jargon was used nor the mean number of discrete jargon words used in a transcript changed in the control group (5.1 ± 0.9249 before, 4.9 ± 0.7187 after for total number of times jargon words were used, t = 0.3060, p = 0.7619; 2.0 ± 0.2914 before and 2.0 ± 0.2829 after for the number of different jargon words used, t = 0, p = 1). Further evidence that trainee jargon use declined came from examining the number of trainees using jargon at low vs. high frequencies. The number of trainees who used jargon three times or fewer rose from 13 before to 18 after training. The number of trainees using jargon words seven times or more dropped from 11 before to 5 after. The number of trainees using two or fewer different jargon words increased from 17 (59%) before to 25 (86%) after. Before the class, 12 trainees used three or more different jargon words, but after the class only four trainees did. Overall, we conclude that training reduced the use of jargon.
In contrast to the shift in jargon use, we found that training did not significantly increase the number of trainees who used metaphors, analogies, or narrative techniques in explaining the scientific method to a non-scientist audience. In one coding (RSC), 17 of 29 trainees used at least one story, metaphor or analogy before training and 22 of them used at least one such tool afterwards. In a second, independent coding (MR), 16 of 29 trainees used at least one story, metaphor, or analogy before and 21 used at least one after training. The increase was not significant in Fisher’s exact test, regardless of coder (p = 0.263 in the first analysis and p = 0.274 in the second). However, audiences responded to the use of stories when it occurred; frequency of story or metaphorical elements in a transcript correlated with higher scores on an element of Clarity related to audience understanding (Figure 5).
[image: Figure 5]FIGURE 5 | Clarity scores for transcripts in which trainees did (right hand panel) and did not (left hand panel) use elements of story, metaphor and/or analogy.
We found no change in elements of non-verbal communication after training compared with behavior before training when we analyzed the number of stutters, pauses, laughter, use of “verbal fillers,” incidence of smiling, changes in speech tone, or frequency of head movements, hand movements or body movements used by trainees. However, we found that some behaviors were clearly correlated with the scores for Clarity, Credibility and Engagement given to students by undergraduate audiences in our experiment (Figure 6; Table 3). Pausing and stop-and-start speech were negatively correlated with both Clarity and Credibility. Smiling was correlated positively with Clarity, Credibility and audience Engagement. Varying a speaker’s tone was correlated with higher Clarity, Credibility and audience Engagement.
[image: Figure 6]FIGURE 6 | The relationship of behaviors exhibited during speaking to clarity (yellow, left bar in each panel), credibility (blue, middle bar in each panel) and audience engagement (green, right bar in each panel). Pausing and stuttering during speaking are associated with low scores from audiences on all dimensions of communication performance; smiling and a dynamic speaking tone are associated with high scores from audiences. See Table 3 for correlation values.
TABLE 3 | Correlations among trainee communication behaviors and audience ratings on measures of Clarity, Credibility, and Audience Engagement (see Supplementary Table S1 for specific items).
[image: Table 3]DISCUSSION
Our results show that it is possible to gain insight into the effects of science communication training on the specific ways in which trainees do, and equally importantly, don’t change their approach to communicating science. On one hand, our analysis shows that, on average, training reduced the number of jargon words trainees used, and the number of times they used them. On the other hand, most trainees still used some jargon, and overall, their speech remained pitched at about the same level of difficulty in understanding for the audience as before training. In some dimensions, such as their use of words associated with logic and hierarchical thinking, their speech became more complex, rather than simpler. They were no more likely after training to use metaphors, analogies or stories, which are widely viewed as effective science communication techniques, and which were covered extensively in their training.
These results underpin, and help explain, our earlier results (Rubega et al., 2021) showing that audiences did not find the communication of trainees more effective after training than before. To a large, and disheartening, degree, trainees simply are not enacting the techniques and behavior that training aims to instill. Our data cannot address why this might be, though our anecdotal observations during the after-training video recordings suggest strongly that trainees simply did not actively prepare by using techniques they had been trained to use in class, such as the Message Box: they just extemporized in the same way that they had before training. While none of the trainers expected, and we would not have allowed, the use of notes or an outline, it is not too much to say that we were astonished at the lack of strategic preparation. A 3-min time limit is a demanding form, and the difficulty of being brief while also being clear and engaging was often discussed in class. Acknowledging that, it is all the more surprising that they apparently did not prepare. They were informed at the beginning of the course that they would be expected to re-record their attempt to explain how the scientific process works; they had control over when they were scheduled to do so; they spent 15 weeks in active practice and engagement with the ways in which communication fails without active preparation. Why didn’t they prepare for this relatively simple, predictable task? We suspect that the lack of preparation for the after-training communication task that we saw in our students is a side effect of the inflated sense of self-efficacy demonstrated in a variety of other training contexts, as well as in our study (McCroskey and McCroskey, 1988; Dunning et al., 2004; Mort and Hansen, 2010; Rubega et al., 2021): a trainee tends to conflate understanding with the ability to perform.
Although behaviors often addressed in science communication training (e.g., smiling to increase the impression of friendliness and relatability; speaking without verbal fillers), did not change, we did find evidence that these behaviors matter: audiences rate students who frequently pause during speaking lower on scales of Clarity and Credibility; they rate students who smile frequently, and who avoid speaking in a monotone, as more clear, more credible, and more engaging. Those students who did employ stories were rated more highly for Clarity. As an illustration of the complexity of what we might view as “success” in science communication training, the more simply a student spoke (as measured by the reading ease of transcripts of speech), the less relevant the audience found their topic. This surprising result ought to give us pause when thinking about how science communication training is structured, and for whom. In some contexts, such as interactions with policy makers, the goal of making the subject relevant and credible may have to be balanced against other goals, such as jargon reduction.
What are we to take away from these results? One point that stands out clearly is the importance, before beginning any science communication training program, of defining what will count as successful training in terms of metrics that are clearly defined, repeatably measurable, do not rely on self-reporting or assessment by either the trainer(s) or trainees, and are related to evidence-based effects on audiences. While the results of our work were not what we hoped for in terms of students’ communication effectiveness, this failure did nothing to shake our belief that objective measurement of communication success is both possible and essential. Some tools are available already and more are needed. While we felt it needed adjustment, the De-Jargonizer was easily adapted to use with written transcripts of video recordings of short talks for non-professional audiences. The reading ease and LIWC tools were even more easily applied, and both provided valuable information on student performance, free of the bias associated with student or teacher assessments.
While a cognitive grasp of the barriers to communication is unquestionably a necessary precursor to successful performance, it is clearly insufficient, just as you can’t improve your backhand by only reading about following through with the racket. Assuming the analogy is correct, introduction to evidence-based concepts underlying successful science communication is only one component of training, distinct from, and arguably less important than, an emphasis on the need for active preparation for every encounter, and actual practice. A single, short training is likely to be valuable for making trainees aware of science communication concepts; it is unlikely to have any effect on performance. How much practice, and what kind of practice, is necessary before changes in communication behavior begin to take hold for trainees? We are unaware of any rigorous study of that question but view it as an important question for future development of time- and cost-effective science communication training programs.
It’s plausible that no science communication training course can provide enough time and practice to change communication behaviors within the time stamp of the course itself. Instilling a growth mindset in trainees–getting them to acknowledge that they will fail repeatedly on the way to succeeding–may be more important than any other component of science communication training. The biggest barrier to creating skilled science communicators may well be the willingness of trainees to continue using preparation techniques, and practicing, instead of just “winging it” on the mistaken belief that knowing about how to communicate is the same as being able to do so successfully.
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