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This research aims to assess the interpretation of results by prospective high-school teachers when performing hypothesis tests and confidence intervals. The responses given by 73 prospective Spanish teachers to an open problem from the university entrance tests were analyzed. Although the majority of participants correctly performed many of the steps in both procedures, only a proportion of them were able to interpret and contextualize the results. The obtained results show that prospective teachers need to be prepared for this topic in order to develop inferential reasoning in their students.

Introduction

Statistical inference plays a prominent role in human science research and it is a subject covered in the Spanish high-school curriculum [START_REF] Mecd | [END_REF] as well as in university entrance exams, which have included an inference problem for each of the last 15 years (López-Martín, [START_REF] López-Martín | La inferencia estadística en las pruebas de acceso a la universidad en Andalucía [The statistical inference in the entrance exams to the university in Andalusia[END_REF]. This topic is not easy, as shown by research describing the errors that students make [START_REF] Castro Sotos | Student´s misconceptions of statistical inference: A review of the empirical evidence form research on statistical education[END_REF][START_REF] Makar | Learning about statistical inference[END_REF]. Improving understanding and application of the topic involves adequate preparation for the teachers who are responsible for teaching it; this point has barely been considered in previous research [START_REF] Harradine | Students' and teachers' knowledge of sampling and inference[END_REF][START_REF] Makar | Learning about statistical inference[END_REF]. The aim of this study is to complement previous research by analysing the results interpretation of simple statistical tests and confidence intervals carried out by prospective teachers. The interpretation of statistical data and results is suggested in the high school Spanish curriculum [START_REF] Mecd | [END_REF].

Previous research

Previous statistical test research has reported on interpreting errors regarding the α significance level and the p-value, where students change the two conditional probability terms in their definition (Falk & Greenbaum, 1985), or interpret these concept levels as the probability of being wrong when rejecting the null hypothesis [START_REF] Vallecillos | Some empirical evidence on learning difficulties about testing hypotheses[END_REF]. Other conspicuous errors include: the role played by the null and alternative hypotheses [START_REF] Batanero | Controversies around significance tests[END_REF], confusion between unilateral and bilateral tests, defining hypotheses that do not cover the parametric space, and using the sample statistic instead of the population parameter to define the hypotheses [START_REF] Vallecillos | Some empirical evidence on learning difficulties about testing hypotheses[END_REF][START_REF] Vera | Dificultades en la formulación de hipótesis estadísticas por estudiantes de psicología [Difficulties in the formulation of statistical hypotheses by psychology students[END_REF]. In regards to confidence intervals, students ignore their inferential character [START_REF] Behar | Aportaciones para la mejora del proceso de enseñanza-aprendizaje de la estadística[END_REF]Olivo, 2008) or misinterpret the relationship between the different factors influencing the width of the confidence interval [START_REF] Cumming | Interval estimates for statistical communication: problems and possible solutions[END_REF]. Some research work focusing on teachers' understanding of inference suggests that certain teachers share the same misconceptions as the students. [START_REF] Haller | Misinterpretations of significance: A problem students share with their teachers?[END_REF] describe errors in understanding the significance level and p-values, as was the case with some prospective teachers taking part in the Vallecillos research. After interviewing 8 high-school statistics teachers, [START_REF] Liu | Mathematics teachers' understandings of proto-hypothesis testing[END_REF] suggested that they seemed not to understand the purpose of statistical tests as mechanisms for carrying out statistical inference. They also found that the teachers' conception of probability was not grounded in the concept of sampling distribution being the fraction of time that a statistic's value is within a particular range. While recent research studies have attempted to organise teachers' education in terms of informal inferential reasoning, some of them (e.g. [START_REF] Dolor | Post-secondary teachers' understanding of p-value[END_REF] suggest that prospective teachers use incorrect strategies to compute p-values in resampling and simulation approaches; although they also suggest that adequate training may improve these strategies.

Nowadays, statistical interpretation is considered a complex process involving cognitive, affective and technical aspects [START_REF] Queiroz | Interpretation of Statistical Data: The Importance of Affective Expressions[END_REF]. Wild and Pfannkuch (1999) included the integration of statistics and contexts (that is to say, results interpretation) as part of their statistical thinking model. [START_REF] Monteiro | Investigating critical sense in the interpretation of media graphs[END_REF] developed the idea of critical sense during the interpretation of statistical graphs, which includes mathematical knowledge, contextual references, affect and personal experiences related to the data. In this work, we analyse prospective teachers' interpretations of the hypothesis test and confidence interval.

Method

The sample group was made up of 73 students on a Master's Degree course that is compulsory for those who intend to become high-school mathematics teachers in Spain. Of these, 56% were graduates in Mathematics or Statistics while the remainder had completed undergraduate studies in Engineering, Architecture or Science. All of them had taken some statistics courses during their undergraduate studies and 57% had some teaching experience. Most of participants recognized that the methodology used focused on teaching procedures rather than the use of technology. The assessment was part of an activity aimed at developing the participants' content knowledge of inference. The participants worked on authentic data obtained from the United Nations. In this paper, we analysed the participants' solutions to the following problem.

Problem:

The average life expectancy in a study developed by the United Nations is 69.2 years with a standard deviation 10. In a random sample of 16 European countries, the average life expectancy was 78 years. Assuming that the life expectancy follows the normal distribution: a) Propose and interpret a hypothesis test, with a level of significance of 5%, to analyse if the average life expectancy in Europe is higher than that obtained in the whole set of countries; b) Determine and interpret a 95% confidence interval for average life expectancy in European countries.

We performed a qualitative analysis on the written solutions to the problem in order to classify the responses into different categories, starting with previous research and refining the categories through a cyclic and inductive process; this is typical of qualitative research. Below, we first summarise the general performance in each part of the problem using a numerical score, and then we analyse the participants' interpretation of the research for each procedure in detail.

Results

General performance in solving the problems

The solution to part a) involved a unilateral hypothesis test on the average of a normal population with a known variance; this is an element included in the compulsory examination to become a high-school mathematics teachers as well as in the curricular guidelines for high-school and university entrance examinations in Spain. By analysing the participants' answers, we examined the prospective teachers' knowledge of the following points: a) the way they established the test hypotheses; b) whether the problem-solving procedure employed was consistent with the hypotheses proposed; c) the computation of the p-value; d) other possible errors in the procedure not listed yet; and e) the interpretation of the results. In order to graduate the prospective teacher's knowledge about the hypothesis contrast, we have marked each participants with a score according to the number of correct answers. This score would be from 0 to 5 points, one point for each correct answer (Figure 1).

Most prospective teachers were able to correctly develop three or more steps, although 6 participants incorrectly developed all the stages in part a) of the problem. Although 67% of the students set correct hypotheses, only 4% selected a test that was consistent with the hypotheses. We would like to point out that only 51 participants computed the p-value, and some of them made errors in either the computation or in other parts of the procedure. Only 38.4% of participants correctly interpreted and contextualised the results. The solution to part b) involved a confidence interval for the average of a normal population with a known variance. By analyzing the participants' answers, we examined the prospective teachers' knowledge of the following points: a) the way they established the interval; b) whether the problemsolving procedure they followed was correct and c) the interpretation of the results. By awarding a point to each of these parts of the hypothesis test solution, participants could score from 0 to 3 points (Figure 2). We observed that 46.6% of them correctly solved two of the stages (85% developed points a) and b) whilst the rest developed points a) and c)) and 16 prospective teachers gave correct answers for all the parts.

In summary, these results suggest a moderate knowledge of statistical tests and confidence intervals on the part of teachers in our sample, which is a matter of concern, given that these teachers have to prepare their students in this topic to face the entrance to university tests where an inference problem is included every year. Below we analyse in depth the final interpretation that prospective teachers perform in each part of the problem, that is, the way they interpret the results of the test and that of confidence interval. 

Interpreting statistical tests

Once the calculations were completed, we expected participants to conclude that the result in part a) was statistically significant and that the null hypothesis should be rejected. When contextualizing this result, the conclusion was that we should reject the hypothesis that the average life expectancy in Europe is the same (or smaller) than that in the group of countries. By taking into account the correctness of the decision and the contextualization made, we defined the following categories:

C1. Correct decision and contextualization. Prospective teachers made an appropriate decision and related the result to the problem's context, as in the following example:

GPF: When comparing the small p-value with the significance level of α=0.05, it is reasonable to reject the null hypothesis and conclude that life expectancy in Europe is higher than in the set of countries.

C2. Correct decision and contextualization but the p-value is interpreted as the probability of the hypothesis.

Although the decision and contextualization were correct, there was an incorrect interpretation of the p-value, which concluded that the null hypothesis was probably correct, such as in BCM's answer.

BCM:

In summary, the average life expectancy in Europe is higher than the average life expectancy in the set of countries, with a probability equal to 0.9998.

C3. Correct decision and contextualization, assuming that the null hypothesis is false.

Although the decision and contextualization were correct, there was a deterministic conception of the result that assumed the null hypothesis to be false; an error described by [START_REF] Inzunsa | Caracterización del razonamiento estadístico de estudiantes universitarios acerca de las pruebas de hipótesis [Characterization of the statistical reasoning of university students about the hypothesis tests[END_REF] and [START_REF] Vallecillos | Estudio teórico experimental de errores y concepciones sobre el contraste de hipótesis en estudiantes universitarios[END_REF]:

ALP:

[…] we conclude that the null hypothesis is false, so we accept that the average life expectancy in Europe is higher than the average life expectancy in the set of countries with a probability significance level of 0.05. We reject the null hypothesis so the average in Europe cannot be higher than that in the set of countries.

C4. Correct decision with inconsistent contextualization

In the following categories, the students made a correct decision with no contextualization (C5; see the response by AGS), explaining how to make the decision (but with no decision being made) and either by contextualising (C6) or not contextualising (C7), made an incorrect decision (C8; see the response by JGM) or did not make a decision (C9):

AGS:

[…] for Z=3.52, we get 0.99998; by subtracting this from 1, we obtain a probability of 0.0002 and, therefore, reject the hypothesis.

JGM: = the average life expectancy in Europe is greater than the average life expectancy in the rest of the countries.

Not rejected, since the average value for the set of countries is below the values of the confidence interval for a confidence level of 95% for the sample of European countries.

In Table 1, we present the participants' interpretation of the statistical tests, where less than 40% made the right decision and contextualized the problem; nonetheless, 86.2% made the right decision. The remaining participants either did not make a conclusion or decided incorrectly. Some showed that they misunderstood the hypothesis tests; for example, assuming that the p-value indicated that the null hypothesis was probably true or holding a deterministic view of the results.

Code Interpreting the results

Frequency Interpreting the confidence interval.

Once the confidence interval extremes were computed, we expected the prospective teachers to provide an interpretation such as follows: For a 95% confidence interval computed from 16 sample elements, in about 95 of them, the average life expectancy in European countries would be included; that is to say, they should have interpreted the interval extremes as being random variables [START_REF] Behar | Aportaciones para la mejora del proceso de enseñanza-aprendizaje de la estadística[END_REF]Olivo, 2008). We found the following response categories:

C1. Correct interpretation. Here, we classified the correct responses given above, and variations of the same, along with those that indicated the percentage of intervals computed from different samples that included the parameter [START_REF] Behar | Aportaciones para la mejora del proceso de enseñanza-aprendizaje de la estadística[END_REF]; see CBF's answer:

CBF:

[…] this is the probability that a number of intervals cover the parameter, not that the parameter is included in the actual interval.

C2. Determinist interpretation. When the participant interprets the interval in a deterministic way, they do not appreciate the randomness of the extremes (Olivo, 2008):

DAM: This means that the average life expectancy in European countries is between 73 and 83.

C3. Interpreting the confidence level as the probability that the parameter is included in the interval. The confidence level is interpreted as the probability that the population parameter is within the range obtained. Authors like [START_REF] Behar | Aportaciones para la mejora del proceso de enseñanza-aprendizaje de la estadística[END_REF]Olivo (2008) have analysed this misunderstanding:

LUG: You can conclude that the probability that the population average is included in the interval is 95%.

C4. Assuming that the sample average is included in the interval. Another mistake is interpreting that the confidence interval includes the sample average instead of the population average, which also signifies confusion between the statistics and the parameter: JGM: 95% of intervals computed from samples of European countries will include the sample mean.

The results are presented in Table 2, where the participants' difficulty in interpreting the confidence interval information is evident. Only around 30% gave a correct interpretation whilst the majority were unable to provide an interpretation, and the remaining participants either interpreted the confidence intervals in a deterministic way or reproduced one of the errors described in previous research.

Code 

Implications for teaching and research

Our results suggest a need to improve the education of prospective Spanish high-school teachers in terms of teaching statistical inference. On the one hand, few in the sample group correctly performed all the steps for solving the statistical tests or the confidence interval, even when the problem posed was similar to those included in the Spanish university entrance tests.

Similar to previous research, many were unable to properly interpret the results of the procedure, made incorrect decisions in the statistical tests or gave responses that reproduced different errors, h. Although many made correct decisions in the statistical test, few interpreted the result in the context of the problem -this is worrisome because teachers are expected to develop their students' ability to interpret statistical studies; for example, one learning goal in the curriculum (MECD, 2015, pp. 398 and 407) is: "To interpret a statistical study based on situations close to the student."

Therefore, in addition to improving prospective teachers' mathematical knowledge of inference, it is necessary to prepare them to be able to contextualize the information resulting from statistical tests and confidence intervals so that they can help their future students acquire this interpretative capacity. Of course, mathematical knowledge alone is not enough for teaching success. It is necessary to continue this analytical research into pedagogical knowledge regarding statistical inference. In this regard, several studies have shown that an informal approach to statistical inference could help in understanding the logic involved and improve the teaching process. We hope these questions will interest teacher trainers and other researchers in statistical education, and that we can ensure the good mathematical and didactic training of high-school teachers so that they can successfully teach statistical inference to their future students.
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