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Abstract 

 Objectives: When the volume or complexity of information exceeds the capacity to 

process it, individuals experience information overload and may misinterpret or ignore critical 

information. Numerical information is especially challenging to process, yet no empirical data 

shows whether numerical information contributes to information overload. Methods: Using 

natural language processing tools, we analyzed 287 transcribed clinical consultations with 

patients who were recently diagnosed with prostate cancer. The primary outcome was patients’ 

knowledge about their prostate cancer assessed before and after the consultations. Results: 

Patients included in the study had prostate cancer with Gleason score = 6 or 7 (3+4; 4+3), PSA < 

20, and stage T1 or T2. Each consultation had on average 5144 words spoken by a physician, 

121 numbers and 31 words related to outcome probabilities. The total word count and 

probability-related words were positively correlated with patients’ general knowledge about 

prostate cancer outcomes, while numerical words were not associated with knowledge. 

Individual differences in education did not influence observed relationships. Conclusions: 

Despite previous concerns, we found that numerical information did not contribute to 

information overload. Additionally, we found that individuals’ knowledge about prostate cancer 

benefited from longer conversations and discussions about probabilities.   



Introduction 

 

Patients with newly diagnosed cancer can be overwhelmed by information conveyed to 

them during clinical encounters. Patients have to process a substantial volume of numbers and 

probabilities about various outcomes. How well patients understand clinical information is 

associated with how they formulate their expectations about treatment (Weinfurt et al., 2003) and 

with their ability to choose options that provide optimal outcomes (Hawley et al., 2008).  

However, the volume and complexity of the information presented during consultations 

might exceed patients’ capacity to process the information and lead to information overload.  An 

overload could result in patients ignoring or misinterpreting critical aspects of information, 

which in turn would reduce their ability to make decisions (Eppler & Mengis, 2004). Numbers 

and probabilities could be especially challenging for patients while they are processing clinical 

information (Damman, Bogaerts, van den Haak, & Timmermans, 2017; Reyna & Brainerd, 

2007). 

While physicians are concerned about the amount of numerical information patients have 

to process (Brust-Renck, Nolte, & Reyna, 2017; Reyna, Nelson, Han, & Dieckmann, 2009) to 

date, no empirical data has shown how the volume of numerical and probabilistic information 

influences patients’ ability to analyze and understand treatment choices. Using natural language 

processing, we investigated whether number- and probability-related information in clinical 

consultations led to information overload and interfered with patients’ understanding of prostate 

cancer outcomes. Additionally, previous studies demonstrated that patients’ numerical skills 

influenced how well they process clinical information and probabilities (Hamstra et al., 2015; 

Rolison, Morsanyi, & O’Connor, 2016; Zikmund-Fisher, Mayman, Fagerlin, Anderson, & 

Schulkin, 2014). Guided by previous research, we explored whether patient education might 



influence the relationships between the amount of numerical information they received and their 

understanding of the information. 

Methods 

 

 Data. This is secondary data analysis. The data were collected in a randomized control 

trial of two decision support interventions (Fagerlin et al., 2019). In two Midwest University 

clinics, patients were invited to participate if they were older than 18, scheduled to have a biopsy 

to test for prostate cancer, were able to read and answer questions in English, and had no 

previous diagnosis of prostate cancer. At the time of prostate biopsy, patients were randomized 

to receive a decision aid either with or without an accompanying DVD that modeled shared 

decision making. After biopsy, they were eligible to continue participating, if they were 

diagnosed with prostate cancer. All patients had low or intermediate-risk prostate cancer with the 

following parameters: Gleason score = 6 or 7 (3+4; 4+3), PSA < 20, and cancer stage T1 or T2.  

 In total, 208 participants returned to the health system for consultation with a urologist 

and/or a radiation oncologist. Before the consultation, patients completed a pre-appointment 

survey. Their consultations were audiotaped and transcribed. Some patients had only a 

consultation with one physician and thus, had only one transcribed consultation available. For 

evaluating information overload, we included only patients who had two audio-recorded 

consultations with both an urologist and radiation oncologist.  Some patients encountered 

urologists first (72%) while other patients encountered radiation oncologists first (28%). 

Consultations included at least one, but sometimes several healthcare providers, including 

attending physicians, residents, nurses, and medical students.  After the consultations, patients 

completed a post-appointment survey.  

Measures 



 

Knowledge. We created a scoring system using a subset of the knowledge questions from 

the original study adapted from previous research (Sepucha, 2010; Sepucha et al., 2008). We 

included only questions that evaluated patients’ general numerical knowledge about prostate 

cancer. We used a percentage of participants’ correct responses to 6 multiple-choice questions. 

For instance, one question asked, “Without surgery or radiation, about how many men diagnosed 

with early-stage prostate cancer will eventually die of prostate cancer?” Response mode 

included several choices, “Most will die of prostate cancer,” “About half will die of prostate 

cancer,” “Most will die of something else,” and “I don’t know”. All questions are reported in the 

Appendix. If a patient answered more than 50% of the questions but left some questions blank, 

we coded unanswered questions as incorrect responses. Participants completed the same 

knowledge scale before the consultations and following their consultations.  That allowed us to 

explore how their understanding changed due to the information they received in their 

consultations.  

Interventions. All participants received a decision aid booklet “Making the Choice: 

Deciding What to Do About Early Stage Prostate Cancer”, designed to inform them about 

treatment options for early-stage prostate cancer. In addition, half the patients were randomized 

to also receive a DVD composed of vignettes with actors depicting patient-physician discussions 

of prostate cancer treatment options.  In these vignettes, the patient modeled communication 

strategies designed to facilitate patient activation. The DVD was, therefore, designed to help 

patients develop shared decision-making skills. We controlled for the study arm in our analysis.  

Patient Education. Low health literacy was associated with individuals’ low education 

(van der Heide et al., 2013). We used a dichotomous variable coded as “0” if a patient had no 

college education or “1” if a patient graduated from a college.  



Text Analysis. To explore possible information overload in consultations, we counted 

the number of words that healthcare providers spoke during both the urology and radiation 

oncology consultations. The total word count was used as a proxy for the amount of information 

patients received about various aspects of prostate cancer. In addition to counting all words 

spoken by the clinicians, we also calculated how many number-related words they uttered in 

each consultation. We used a standard dictionary in the software “Linguistic Inquiry and Word 

Count” (Pennebacker 2015) to capture transcribed numbers or digits and words related to 

numerical information, such as billion, double, dozen, firstly, half, infinity, quarter, single, 

trillion.  

Developing a Dictionary for Evaluating Communication of Probabilities. Both the 

total word count and the count of number-related words provide a general overview of patients’ 

experiences during their consultations. To evaluate patients’ experiences more specifically, we 

created a dictionary that captures instances when clinicians communicated numerical and non-

numerical probabilities of treatment outcomes or cancer progression.  

In the first step, we used NVIVO software to create a list of all words used in urology and 

radiation oncology transcripts. Two of the authors read the list of the words and marked those 

that could be relevant to the communication of probabilities. We interviewed a physician 

inquiring about words he usually uses when he explains probabilities to patients. We also chose 

words from the list of statistical terms listed in the Oxford dictionary (Upton & Cook, 2014).  In 

Table 1, Step 1, we report our initial list of words for communicating probabilities (n=51). We 

then recruited three reviewers: a physician and two research assistants. They received the 

following instructions: “Please code a word "1" if the word can be used to discuss uncertainty 

and risks in a medical consultation, If the word is not related to the discussion of risk and/or 



uncertainty please code the word “0”. The words that were coded “0” by at least two raters were 

removed from the dictionary. In total, 41 words remained and are reported in Table 1, Step 2. In 

the final step, we used Contextualizer software (Boyed, 2017) to evaluate the dictionary words in 

the context. For every word in the dictionary, a researcher chose 10 random instances of each 

word in a random set of consultations. The word was coded “1” if this word was used to 

communicate probabilities and “0” if this word was used in other contexts. For example, the 

word “frequency” was mostly used in the context of “urinary frequency” and was removed from 

the dictionary. If the word received the score “8” (meaning that 8 out of 10 times that random 

instance of the word was probability-related) and above, it was included in the dictionary; 

otherwise, it was excluded. The different forms of the same communication construct received 

an aggregated score. For instance, “one in”, “two in”, “three in”, reflect the same communication 

construct, but have different numbers. This communication construct received just one score 

aggregated across all the forms. The final dictionary consisted of 35 words and reported in Table 

1, Step 3.  

------------------------ 

Table 1 

------------------------ 

Data Analysis. For the description of the data, we used 287 transcripts. Some patients 

had only one consultation recorded and transcribed. In total, there are 230 transcripts for 115 

patients, who saw both a urologist and a radiation oncologist. All these transcripts were used in 

the comparison of language between urologists and radiation oncologists.  

Further, some patients failed to complete the post-consultation survey. Thus, the analysis 

of patient knowledge includes 218 transcripts with 109 patients who have two transcripts 



available. For each patient, we collected all the words that all healthcare providers spoke in both 

consultations. We removed punctuation and interjections by patients (e.g. “uhm” “yeah” etc.).  

We used Linguistic Inquiry and Word Count Software (LIWC) to calculate the total word count, 

frequencies of number-related words, and probability-related words. The frequencies were 

transformed in the word counts for the analysis. To ensure the accuracy of the dictionary 

performance, we randomly chose 10 transcripts and manually calculated the targeted words in 

the first 1000 words of the conversation with the attending physician. 

To evaluate the influence of words on patients’ knowledge about prostate cancer after the 

consultation, we ran a linear regression analysis. In the analysis, we used patients’ knowledge 

after the consultation as a dependent variable and controlled for patient knowledge before the 

consultation. This approach allowed us to disentangle the influence of the consultation on patent 

knowledge about prostate cancer. We regressed the total word count, number and probability-

related words on the percent of correct responses after the consultations. The total word count 

correlated strongly with the number-related words, r = .87, and with the probability-related 

words, r = .76. Therefore, we used a stepwise regression recording the influence of each variable 

independently. Additionally, we controlled for the type of decision aid each patient received.  

 Previous research suggested a curvilinear relationship between the amount of information 

and individuals' information overload (Eppler & Mengis, 2004). We ran a stepwise linear 

regression adding a squared variable at the final step to evaluate its independent contribution to 

the model. If the addition of a squared component significantly improves model performance, it 

suggests the presence of curvilinear relationships between variables. 



We used patient college education to evaluate whether there is a difference in how the 

information was presented to those patients who had or did not have a college education. We 

used multivariate analysis of variance: MANOVA for comparison of words by education. 

RESULTS 

The software counted targeted words with similar accuracy as a human coder. 

Krippendorff's alpha reliability estimate between manual and computer coding was α = .95 for 

the number-related words, α = .99 probability-related words. 

 Descriptive Statistics. The average word count of consultations was 5,162 (SD = 

2819.82, Median = 4,689 with the range 172 to 13,327 words). The average word counts for 

number- and probability-related words, as well as the total word count in the consultations, are 

illustrated in Figure 1. The detailed statistics for the probability-related words are reported in 

Figure 2.    

------------------------- 

Figure 1&2 

------------------------ 

We evaluated the differences between words spoken by radiation oncologists and 

urologists. We observed that radiation oncology consultations had more total spoken words than 

urology consultations, t(114) = -15.00, p < .001, CI 95% [-3978.87, -3050.63]. We also observed 

a significant difference for the number-related word count and probability-related words (both 

weighted by the total word count), numbers: t(114) = -6.68, p < .001, CI 95% [-0.56, -0.30], 

probability: t(114) = -4.44, p < .001, CI 95% [-0.07, -0.19]. The difference remained significant 

when we evaluated words spoken only by the attending physicians, for the total word count, 



t(111) = -3.80, p < .001, CI 95% [-1185.27, -372.22]1 and for numbers (weighted by the total 

word count), t(111) = -2.24, p = .03, CI 95% [-0.37, -0.02], but not for probability, see Figure 3. 

------------------------- 

Figure 3 

------------------------- 

Knowledge Change and Numerical Information. On average, the percent of correct 

answers to knowledge questions was similar before and after the consultations (before: M = 0.77, 

SD = 0.17, and after: M = 0.79, SD = 0.19, with the range 0.17 to 1.00). However, 31% of 

patients answered fewer questions correctly after the consultations, 27% answered questions with 

the same accuracy, and 42% improved the accuracy of their answers.  

Table 2 shows the results of each step in the linear regression, with the variables listed in 

the left column. Models represent individual steps and differ by variables included in the 

analysis. We found that each of the three counts was significantly associated with patient 

knowledge. However, when we included all the variables, Model 8, (in Table 2) only the effect 

of the probability-related words remained significant.  

To check the robustness of our findings and account for the influence of the total word 

count on patients’ knowledge, we divided the number- and probability-related words by the total 

word count. We ran a logistic regression with number-related words (weighted), knowledge 

                                                           
1 This analysis includes 3 less transcripts as the recorder was stopped before the attending entered the room 



before consultations, and decision aid randomization. Number-related words were not associated 

with the accuracy of patients’ responses, R2 = .16, R∆ = .01, p = .45. We repeated the same 

analysis with the probability-related words (weighted). We found that the number of probability 

related words were significantly positively associated with patients’ accurate responses after the 

consultation R2 = .22, R∆ = .07, b = 0.28, p = .004. This analysis confirmed that the number-

related words do not negatively influence patients' understanding, while the probability-related 

words were positively associated with patients’ knowledge about prostate cancer.   

Further, we tested for curvilinear relationships for the total word count, number-, and 

probability-related words. For the total word count, we observed a marginal improvement of the 

model performance, R2 = .22, ∆R = .02, p = .08, suggesting a possibility of a curvilinear 

relationship, presented in Figure 4. Similar results were observed for the number-related words 

(p = .09). For the probability-related words, the formal test of quadratic relationships showed 

also marginal significance, R2 = .25, ∆R = .02, p = .09, suggesting a possibility of a curvilinear 

relationship, see Figure 4. We ran an additional analysis, in which we controlled for the total 

word count by using it as a denominator in the number- and probability-related words variables. 

We observed a similar effect for the number-related words R2 = .19, ∆R = .03, p = .07 and the 

probability-related words, R2 = .22, ∆R = .02, p = .09.  

 

 



------------------------- 

Figure 4 

------------------------- 

Patient Education. We tested whether patient knowledge after consultations depended 

on their level of education. For the full sample of patients (N = 198), we found that initial patient 

knowledge about prostate cancer was associated with patient education, Mcollege= 0.77 , SDcollege= 

0.16,  MNoCollege = 0.72, SDNoCollege = 0.20,  t(197) = -1.93, p = .055, CI 95% [-0.10, 0.00]. At the 

same time, patient knowledge after the consultation was not associated with education, Mcollege= 

0.78, SDcollege= 0.20,  MNoCollege = 0.76, SDNoCollege= 0.20,  t(191) = -1.03, p = 0.31, CI 95% [-

0.09, 0.03]. 

This observation informed our hypothesis that patients might differ by how they process 

and evaluate numerical or probabilistic information depending on the level of their education. 

Physicians might also adapt the amount and complexity of information based on patients’ 

readiness to process the information.  

First, we evaluated whether physicians spoke a different amount of words to patients with 

different education levels and found no difference, p = .84. We then ran a MANOVA test, in 

which dichotomous education (college; no college) was an independent variable, the total word 

count was a control variable, the number- and probability-related words were included as two 

dependent variables. We found an overall significant difference, F(2, 111) = 10.17, p < .001, η2 = 

.16, with physicians speaking significantly more number-related, F(1, 112) = 6.94, p = .01, η2 = 



.06, and probability-related words F(1, 112) = 19.27, p < .001, η2 = .152, to patients with college 

education. However, the total word count of the consultation was equal, see Figure 5.  

------------------------- 

Figure 5 

------------------------- 

Discussion 

Analyzing clinical consultations with patients who were newly diagnosed with prostate 

cancer, we found that patient knowledge improved when physicians spoke more words and 

discussed more probabilities. Consistent with previous research on information overload (Eppler 

& Mengis, 2004), we observed a curvilinear trend for the total word count, number-, and 

probability-related words. While having overall positive relationships, patient understanding 

seems to decline after physicians spoke more than 15,000 words, mentioned more than 300 

number-related words, or more than 100 probability-related words. Future studies should 

investigate further the length of the consultations and the amount of number and probability-

related words, after which patients’ abilities to process clinical information might decline. Our 

findings have practical implications suggesting how to structure consultations in terms of the 

length and density of number- and probability-related information to prevent patients from 

information overload.  

While previous research reported the associations between patients’ abilities to process 

numerical information and their subsequent knowledge of clinical outcomes (Hamstra et al., 

                                                           
2 The same analysis was repeated with number-related words divided by the total word count, F(1,111) = 6.97, p 

=.009, and probability-related words divided by the total word count, F(1,111) = 10.83 p =.001  

 



2015; Zikmund-Fisher et al., 2014), we have not observed it in our study. Namely, patients with 

and without college education knew prostate cancer outcomes equally well after the 

consultations. Previous research suggests that patients with lower education tend to have lower 

health literacy (van der Heide, et al., 2013). Consistent with previous research, we observed that 

before the consultations, patients with college education reported a more accurate knowledge 

about prostate cancer than patients without a college education. The difference disappeared when 

we measured patients’ knowledge after the consultations. Based on this observation, we explored 

whether there is a difference in how physicians communicated information to patients who did or 

didn’t have a college education. The results showed that physicians spoke a similar amount of 

words to all patients. However, they communicated fewer number- and probability-related words 

to patients without a college education than to patients with a college education. While 

physicians were not informed about the educational level of patients, they could have adapted the 

consultation to patients’ readiness to accept information. Future research needs to investigate 

further how patients’ education levels could influence physicians’ manner of communicating 

numbers and probabilities.  

Our work has some limitations that further research could address. The dictionary 

approach provides only a general answer to our research question. The further qualitative 

analysis could investigate in detail why patients do not experience information overload despite 

receiving a substantial amount of number- and probability-related information. 

Another limitation is that the measure of probability-related information is the composite 

of the words that are usually used with numbers (e.g. percent) and the words that usually 

quantify risks but do not provide the specific number (e.g. low-risk prostate cancer). Further 



qualitative analysis is needed to describe how these formats independently contribute to patients' 

understanding of their cancer outcomes.   

In this study, we explored only two types of numerical information: general and 

probabilistic. Further research could explore whether other types of numerical information might 

overload patients or help them navigate clinical information. For instance, numerical test results 

or using numerical jargon (e.g. denominator, coefficient) might contribute to information 

overload, while communicating baseline risks or using visuals could reduce patients’ information 

load and help them understand clinical information.   

Our findings could be influenced by the specificity of prostate cancer decisions. Patients 

who have prostate cancer could be more motivated to learn probabilities of clinical outcomes, as 

for them, there is no option that is definitively better than others. Patients need to evaluate all 

options and understand which of them best meet their preferences and values. Thus, they might 

be more engaged in learning information during consultations. In other clinical situations, for 

instance, if there is a treatment that provides a better outcome than others, patients might be less 

motivated to understand numerical probabilities and might be more prone to information 

overload.       

In addition, in our study, all patients received a plain language decision aid, designed to 

provide a 7th-grade explanation of prostate cancer. The decision aid might have influenced 

participants’ knowledge before the consultation. To address this limitation, we assessed 

participants’ knowledge after they read the decision aid but before they entered the consultation. 

We focused our analysis on evaluating how patients’ knowledge changed as the result of the 

consultation.  



Despite these limitations, our work is the first to demonstrate how communicating 

numbers and probabilities in actual clinical consultations influence patients’ information 

overload and as a result their knowledge about prostate cancer. Contrary to the common beliefs, 

the number-related information did not inhibit, while probability-related information enhanced 

patients’ knowledge of cancer outcomes. 
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Table 1: Communication of probabilities, dictionary development (bolded words were deleted in 

Step 1&2) 

Step 1: Initial Word Collection Step 2: After Reviewers Evaluations Step 3: After Contextualizing 

one in  out of 2* one in  out of every chance* people out of 

two in  out of 3* two in  patient out of infrequen* percent* 

three* in  out of 4* three* in  people out of likelihood* person out of 

four* in  out of 5* four* in  percent* man out of possibility 

fiv* in  out of 6* fiv* in  person out of men out of  probability 

six* in  out of 7* six* in  possibility odds proportion 

seven* in  out of 8* seven* in  probability out of a hundred* risk 

eight* in  out of 9* eight* in  probably out of a million stakes 

nine* in  out of a hundred* nine* in  proportion out of eight woman out of 

approxim* patient* out of chance* ratio out of eleven  

averag* people out of frequen* risk out of every  

chance* percent* infrequen* stakes out of fiv*  

denominator* person out of likelihood* statistic* out of four*  

dice* possibility man out of woman out of out of hundred*  

frequen* probability men out of  women out of out of nin*  

hundred* probably odds  out of one  

implication* proportion out of one*  out of seven*  

infrequen* ratio out of two*  out of six*  

likelihood* risk out of three*  out of ten  

likely stakes out of four*  out of thirty  

man out of statistic* out of five*  out of three  

men out of  threshold out of six*  out of twelve  

numerator* unlikely 
out of 

seven* 
 out of twenty  

odds woman out of out of eight*  out of two  

often women out of out of nine*  patient out of  

out of 1*   
out of 

hundred* 
  patients out of   

 * indicates that the different word forms were included in the analysis 

 

  



Table 2: The association between words spoken by healthcare providers in two consultations 

and patients’ knowledge about prostate cancer after consultations.  

  Model 1   Model 2   Model 3   Model 4   Model 5   Model 6   Model 7   Model 8   

Knowledge before 

consultation 0.378 ** 0.422 ** 0.398 ** 0.389 ** 0.391  0.389 ** 0.390 ** 0.392 ** 
DA 

Randomization   -0.075 * -0.064 + -0.068 * -0.066 + -0.057 + -0.057 + -0.056  

Word Count     0.036 *   0.014    -0.007  -0.003  

Numbers       0.037 * 0.025      -0.007  

Probability           0.051 * 0.057 * 0.059 * 

Constant 0.498 ** 0.508 ** 0.520 ** 0.529 ** 0.527  0.524 ** 0.50 ** 0.521 ** 

R2 0.120  0.160  0.191  0.194  0.196  0.226  0.227  0.227  

R∆   0.037 * 0.035 * 0.038 * 0.001  0.070 * 0.001    

*p < 0.05, **p<0.01, variables were standardized for the analysis 

  



Figure 1: The average amount of words per transcript by the dictionary of number and 

probability related words. 

 

- Error bars illustrate standard deviations 
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Figure 2: The average number of the probability related words per transcript. 
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Figure 3: The average number of words that patients received in a consultation, 

presented by specialty for all healthcare providers (left) and attending-physicians only (right) 

Average number of words per transcript by specialty Average number of words per transcript, attending-

physicians only 
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Figure 4: Improvement of patient knowledge after two consultations as a function of the total 

word count, number-, and probability-related words. 

Word Count Number-Related Words Probability-Related Words  

   

 

 

  



Figure 5: The average number of words that a patient received in both consultations reported by 

patients’ education. 
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Appendix 

Knowledge: Survey Questions 

1. Without surgery or radiation, about how many men diagnosed with early-stage prostate 

cancer will eventually die of prostate cancer? 

o Most will die of prostate cancer 

o About half will die of prostate cancer 

o Most will die of something else (correct) 

o I don’t know 

2. In men with early-stage prostate cancer, does a higher Gleason score mean that they will 

have a worse, better or equal chance that the treatment would be successful? 

o Worse Chance (correct) 

o Equal Chance 

o Better Chance 

o Don’t know 

3. Do most early-stage prostate cancers tend to grow rapidly or slowly? 

o Rapidly 

o Slow 

o Don’t know (correct) 

4. In men with early-stage prostate cancer, does a higher PSA value mean that they will 

have a worse, better or equal chance that the treatment would be successful? 

o Worse Chance (correct) 

o Equal Chance 

o Better Chance 

o Don’t know 

5. Will the number of men with early-stage prostate cancer alive at the end of 5 years be 

highest for men who undergo surgery, radiation, or watchful waiting/active surveillance? 

o Highest for surgery 

o Highest for radiation 

o Highest for active surveillance 

o Equal for all treatments (correct) 

o I don’t know 

6. For most men with early-stage prostate cancer, how much would waiting 4 weeks to 

make a treatment decision affect their chances of survival? 

o A lot 

o Somewhat 

o A little or not at all (correct) 

o Don’t know 

 


